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WE BM T K4EIEHARNA (IncRNA) NK2F & 5+ & 1- K LRNA 1 (NKX2-1-AS1) A~F#RNA (miR) -96-5p/4- A PR
H#3R49 %& 616 (PRDM16) 4h 27 R 540 F KM (ATC) s itk s3G5 T B iz R AR K ABHBAERO YR TE ATE
A5 85 I R ATCLL R B e, % &K #9IncRNA NKX2-1-AS1, 5 3 — F i it 3 ¥e 3k FlmiR-96-5pfe T # 32 L B PRDM16 . 3
3R FE IR A B 5 35 38 SENKX2-1-AS15 miR-96-5pyA A miR-96-5p 5 PRDM16 4] 4 % % . Western blotting#s i i$ & 3£ miR-
96-5p*NKX2-1-AS 13 & ik 89 CAL-6240 FLPRDM 16 34 69 % v o -F BT T A%, 55 Bh L R R 52 B8 Ao Transwell 52 36 4 7] 44 ) S8
PRDM165¢iE & A NKX2-1-AS149CAL-6240 fiL 3§ 38 | 3T 4% FedZ 52 69 % v AR RR T i HCAL-6240 8L, YL SURPRDM 163 NKX2-
1-AS1it £k W9CAL-624m A5 AL A K e Hrm R R T AW 8506t B A58 ATCE B #9NKX2-1-AS1/miR-96-5p/
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Fodd 2 A B WA MG & K 0 SURPRDM6 7T 14 55 2o dp ) 4E ) 8518 NKX2-1-AS17T #6415 % 32 4t 79 7R MERNA 5 miR-96-5p
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Effects of NKX2-1-AS1-mediated miR-96-5p/PRDM16 axis on anaplastic thyroid cancer cell
proliferation, migration,and invasion
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Abstract Objective To explore the effects of the long non-coding RNA (IncRNA) NK2 homeobox 1- antisense RNA 1 (NK2-1-AS1),
which mediates the microRNA (miR) -96-5p/PR domain-containing protein 16 (PRDM16) axis, on anaplastic thyroid cancer (ATC) cell
proliferation , migration, and invasion in vitro and transplanted tumor growth in vivo. Methods The differentially expressed IncRNA
NKX2-1-AS1 in ATC tissues and cells,its target miRNA miR-96-5p,and its downsiream target gene PRDM16 were screened using a
bioinformatics analysis. The dual-luciferase reporter assay validated the relationship between NKX2-1-AS1 and miR-96-5p as well as
the connection between miR-96-5p and PRDM16. Western blotting was performed to detect the effect of miR-96-5p overexpression on
PRDM16 in CAL-62 cells overexpressed with NKX2-1-AS1. Plate clone formation,scratch,and Transwell assays were used to detect the
effects of PRDM16 knockdown on the proliferation, migration, and invasion of CAL-62 cells overexpressing NKX2-1-AS1. CAL-62 cells
were injected subcutaneously into nude mice and the effect was observed of PRDM16 knockdown on the growth of transplanted tumors of
CAL-62 cells overexpressing NKX2-1-AS1. Results The bioinformatics analysis revealed that the NK2-1-AS1/miR-96-5p/PRDM16 axis
was involved in regulating ATC development. The dual-luciferase reporter assay demonstrated that NKX2-1-AS1 bound to miR-96-5p and
miR-96-5p bound to PRDM16. NKX2-1-AS1 overexpression upregulated PRDM16 protein expression in CAL-62 cells, while miR-96-5p

overexpression reversed this phenomenon. NKX2-1-AS1 overexpression inhibited CAL-62 cellular proliferation, migration, and invasion
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in vitro and transplanted tumor growth in vivo,while knocking down PRDM16 reversed these phenomena. Conclusion NK2-1-AS1

may compete with miR-96-5p as an endogenous RNA to bind to its downstream target gene ,PRDM16,and upregulate its expression, thus

inhibiting ATC cell proliferation, migration, and invasion in vitro and transplanted tumor growth in vivo.
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KRS AT R T WA AT T ATCA S
i 22 55 223K 1Y Ine RNA NK2[F PR S & 1-Fz X
RNA 1 (NK2 homeobox 1-antisense RNA 1,NKX2-1-
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com/encori) T UM miR-96-5p ) T JiFfE LA .

1.2.2  YIffss 7 Kb e : NATC CAL-6240 0 F 2
DOV B A A B A B2 B o 40 7% 1096 2 1
1B DMEM E#E SR ARG 57 1737 C & 5%CO, 14l
FRFRAG o AR RO s 1 R A aatUR) e il I A sl
Ko Feik 18 55 5 YL CAL-6241 D, 38 i N 7 R
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Tab.1 The 62 differentially expressed genes with downregulated expressions

Gene ID log,FC Adjusted P Gene 1D log,FC Adjusted P
DEPTOR 218858 _at -5.69572 0.016 00 LOC100507477  1555869_a_at -4.033 97 0.030 46
ID4 226933_s_at -7.16093 0.005 52 NOX4 219773 _at -6.33376 0.020 33
TPO 210342_s_at -9.002 28 0.002 69 COL4A3 214641 _at —-4.866 45 0.017 57
ATP8A1 213106_at -5.365 55 0.042 52 ZNF862 213444 _at -4.027 03 0.013 67

D4 209292_at ~8.212 46 0023097 | Previeusversion oa0066 ar ~6.679 20 0.026 98

conserved probe

PRDM16 232424 _at -7.146 99 0.022 80 ACADL 206068_s_at -2.477 18 0.030 46
SMAD9 227719_at -6.467 82 0.004 18 MXRAS5 209596_at —-7.708 81 0.005 52

HLF 204753 _s_at -6.948 26 0.03219 | Previeusversion )35 ar -5.26028 0.046 58

conserved probe
ST6GALNAC3 235334 _at -4.41171 0.034 63 CYP39A1 220432_s_at -2.814 37 0.046 58

SCUBE3 228407_at ~3.402 03 0.045 16 | Previeusversion 4 egs o ~420242 0.010 60

conserved probe

ID4 209291 _at -7.959 97 0.005 52 TMEM132B 236824 _at -7.080 32 0.005 52
NEBL 203962 _s_at -4.670 64 0.02322 RMST 229782 _at -9.033 80 0.005 52
DYNLRB2 238116_at -3.042 27 0.048 76 PDEIA 231213 _at -7.881 88 0.012 65

Previous version

comserved probe 22776224t ~3.941 59 0.02370 | GPR27 227769_at -3.464 51 0.033 33
if::i:dv;:g: 208854 _at -6.977 68 0.00552 | BGN 213905_x_at -8.291 76 0.049 97
METTL7A 207761_s_at -4.56272 001383 | SORBS2 220858 _at —431777 0.049 97
NPNT 225911 _at -8.839 12 0.02020 | COLIIAI 204320_at -6.970 81 0.048 90
PBX1 212148 _at -4.790 49 001699 | CCDC74B 227966_s_at -5.008 17 0.042 52
D4 209293 _x_at —3.402 17 0.04032 | LMODI 203766_s_at -5.879 82 0.016 14
IYD 231070_at —4.544 34 0.04567 | I0CAI 220274 _at ~4.543 60 0.030 46
PPIEL 222054 _at —3.470 07 0.04428 | ZBTBI6 205883 _at -3.16329 0.045 67
SELENBPI 214433 _s_at -5.973 60 0.01068 | PDEIA 1558680_s_at -9.158 22 0.005 52
IP6K3 231179_at -4.246 48 0.04071 || CLU 208792_s_at -5.934 06 0.040 32
EPHX2 209368 _at -4.853 35 0.00927 || CAPS 231729_s_at ~5.566 04 0.011 16
TG 203673 _at ~7.38229 0.04211 | NKX2-1-AS1 236579_at —4.67133 0.022 54
PDEIA 208396_s_at ~10.495 7 0.00552 | HOMER2 1556097 _at -3.184.05 0.039 57
NTRK2 221796_at -5.400 73 001757 | CRYAB 209283 _at -4.83420 0.049 74
HLF 204754_at -6.657 37 0.03077 | MAGEL2 219894 _at -4.540 53 0.042 11
TSHR 215443 _at -5.799 69 0.02280 | NCAMI 227394 _at -4.41831 0.022 80
GPX3 201348 _at -8.399 22 0.03352 | ASXL3 214162_at -4.072 43 0.022 80
KCNJ16 219564_at -9.050 70 001462 | GFRAI 227550_at ~6.642 47 0.032 80

F2 6N LiAMERRIEER
Tab.2 The six differentially expressed genes with upregulated expressions

Gene D log,FC Adjusted P
DUXAPI0 242546_at 5.981 624 0.010 68
DUXAPI0 242881_x_at 4495518 0.010 68
Previous version conserved probe 231882_at 3.963 215 0.029 33
NCF2 209949 _a 5.448 780 0.027 75
MX2 204994 _a 3.647 222 0.040 54

DUXAPS 228116_at 5.049 554 0.005 52
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2.5 NKX2-1-AS14M5PRDM167 5 ATCAH i 14 58

S i R T S A I 25 R B 7R L S ov-NCAL
FLHE, ov-NKX2-1-AS14 Flov-NKX2-1-AS1+sh-NCZ
CAL-62241 Jifd v B T2 BB f B AIG (P < 0.05) 5 Sov-
NKX2-1-AS14H Flov-NKX2-1-AS1+sh-NCZ L #52 , ov-
NKX2-1-AS1+sh-PRDM 162 CAL-62411 Jifd 52 B A%
B & T HE (P<0.05) W4,
2.6 NKX2-1-AS1475FPRDMI161H T ATCHI IR+
RN

R BN, Hov-NCH AL, ov-NKX2-1-AS141 il
ov-NKX2-1-AS1+sh-NCZH CAL-622 Jifd # # 42 14 L 11
I PR (P < 0.05) 5 Hov-NKX2-1-AS14H il
ov-NKX2-1-AS1+sh-NCZ . #2 , ov-NKX2-1-AS1+sh-
PRDM 1620 CAL-62241 Jifl 7% A 83 /A FEURT 5 i 137 B db
1 (P<0.05), ILIAS.

PRDM16

B-actin

1

Fig.1

&2

Fig.2

Downregulated gene of ATC  Target gene of miR-96-5p

50 1 201

ATCALA A h R X TEEEFIMIR-96-5p T iiFEE F
FROWH
Venn diagram of downregulated genes and downstream
target genes of miR-96-5p in ATC tissues and cells
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Potential binding sites of NKX2-1-AS1 and PRDM16 with
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* P <0.05 vs. ov-NC group; # P < 0.05 vs. ov-NKX2-1-AS1 group; $ P < 0.05 vs. ov-NKX2-1-AS1+ mimic NC group.
E3 Western blotting#illl & 45 40 1 PRDM16 % B K& 1E R
Fig.3 Cellular PRDM16 protein expression detected using Western blotting in each group

ov-NKX2-1-AS1+

ov-NC ov-NKX2-1-AS1

sh-NC

ov-NKX2-1-AS1+

1500

sh-PRDM16 1000 #5

500 .

Clonal fomation number

* P <0.05 vs. ov-NC group; # P < 0.05 vs. ov-NKX2-1-AS1 group; $ P < 0.05 vs. ov-NKX2-1-AS1+sh-NC group.
El4  FARSERER BRI I & H LR AT

Fig.4 Cellular proliferation detected using plate cloning assay in each group
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T 06
=
- ov-NC =
= ov-NKX2-1-AS1 2004 #$
ov-N 5B *
—+ ov-NKX2-1-AS1+ sh-NC E = *
—g 1000 v ov-NKX2-1-AS1+sh-PRDM16 % S 02
ov-NKX2-1-AS1 E £
=z 800 2
} 1. ‘. : E B 00
ov-NKX2-1 ﬁ_Slg ‘ 3 600 LDL o
sh-NC | o g #h S
: S E 400 * SN LTS
7 = o @, \x /Q
ov-NKX2-1-AS1+ £ 200 G
sh-PRDM16 c STt
= 0 Y @
16 19 21 24 27 &N
Time/d o %‘Q‘

* P < 0.05 vs. ov-NC group; # P < 0.05 vs. ov-NKX2-1-AS1 group; $ P < 0.05 vs. ov-NKX2-1-AS1+sh-NC group.
E5 &HEMEBEBERERL

Fig.5 Transplanted tumor cell growth status in each group

2.7 NKX2-1-AS14) FPRDM16¥ 5 ATCAH i 1T #%
78

Rl IR S 06 46 ) 2% SR s, Sov-NCAH HL 3R, ov-
NKX2-1-AS14H Fllov-NKX2-1-AS1+sh-NCZH CAL-624jf]
Ji IR G FE ] R AR (P < 0.05) ;5 5 ov-NKX2-1-
AS12H Flov-NKX2-1-AS1+sh-NCZH H# , ov-NKX2-1-
AS1+sh-PRDM162H CAL-6241 fits %) 95 A & 2 0 55 T

5 (P<0.05), lLK6.

Transwell 3% 55 K M 25 5 27~ , Sov-NCA L35,
ov-NKX2-1-AS12H Flov-NKX2-1-AS1+sh-NCZ{CAL-62
YAAZZRRE ST W R (P < 0.05) 5 5 ov-NKX2-1-AS1
2l Flov-NKX2-1-AS1+sh-NCZH 5, ov-NKX2-1-AS1+
sh-PRDM 1621 CAL-624l ifd 12 72 fiE /1 B & 7} /= (P <
0.05) L7,

ov-NKX2-1-AS1+ ov-NKX2-1-AS1+ 100
sh-NC

ov-NC ov-NKX2-1-AS1

sh-PRDM16

#%$

Cellular migration
ability/%
=N
S

* P <0.05 vs. ov-NC group; # P < 0.05 vs. ov-NKX2-1-AS1 group; $ P < 0.05 vs. ov-NKX2-1-AS1+sh-NC group.
Ele XIJRSIRNSAMITHAES x 400
Fig.6 Cellular migration ability in scratch experiment in each group x 400
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Fig.7 Cellular invasion ability in Transwell assay in each group x 400
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