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[Abstract] Objective To investigate the expression and clinical significance of P-element-induced wimpy testis
(Piwi)-interacting RNAs (piRNAs) in childhood nephroblastoma. Methods The differential piRNAs of Piwil2-iCSC
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(P-element-induced wimpy testis like 2 [Piwil2] reprogramming human fibroblast) were screened by high-throughput
sequencing. Target genes were predicted by miRanda software and performed by gene ontology (GO) function analysis.
Differential piRNAs and their target genes were detected by qRT-PCR in tumor tissues and normal kidney tissues of 34
children with nephroblastoma. The correlation of differential piRNAs and their target genes with clinicopathological
characteristics of nephroblastoma was analyzed. Results A total of 230 differential piRNAs were screened out through
high-throughput sequencing, and 43 target genes were predicted by miRanda. The GO analysis showed that the biological
process of target genes was mainly involved in regulating the cytosolic calcium ion concentration and its molecular
function was mainly involved in the activity of ATPase and poly (A) RNA binding. The expression of five unknown
differentially expressed piRNAs and their target genes were detected in nephroblastoma and normal kidney tissues. The
expression of NU13 (13" unknown upregulated piRNA) and NU9 (9" unknown upregulated piRNA) were significantly
downregulated in tumor tissues (both £<<0.01), while the expression of their target genes NOP56 ribonucleoprotein
(NOP56, P=0.58) and 40S ribosomal protein S8 (RPSS, P=0.29) had no significant difference between tumor tissues and
normal kidney tissues. The expression of ND5, ND7, ND9 (5", 7", 9" unknown downregulated piRNA) and their target gene
MT-RNR2 like protein 1 (MTRNR2LI) were significantly downregulated in tumor tissues (all P<<0.01). The above-mentioned
piRNAs and their target genes had no significant correlation with age, gender, tumor stage, or pathological type of the children
(all P>0.05). Conclusion piRNANU9, NU13, ND5, ND7, ND9 and the target gene MTRNR2LI are differentially expressed

in children with nephroblastoma. They are expected to be markers to distinguish nephroblastoma from normal kidney tissues.

[Key words] high-throughput sequencing; cancer stem cells; Piwi-interacting RNA; nephroblastoma
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Tab 1 Primers of piRNAs and target genes

piRNA or target gene Primer sequence (5'-3") Annealing temperature (‘C)
NU9 Forward: GCG CTC TCG TGA TGA AAA CTC TGT CCA GT 64
NU13 Forward: GGA GGT GAT GAA CTG TCT GAG CCT GAC CTT 64
ND5 Forward: ATG TTG GAT CAG GAC ATC CCA ATG GTG CAG 64
ND7 Forward: TGT TGG ATC AGG ACA TCC CAA TGG TGC AGC 64
ND9 Forward: TTG GAT CAG GAC ATC CCAATG GTG CAG C 64
MTRNR2LI Forward: AGA AGG CGT TCA AGC TCAACA CC 60
Reverse: CTG ATG TAG GCT TAT GCG GAG GAG
NOP56 Forward: TGA AGA TCATCAACG ACAATGC 60

Reverse: TTC AGA TAAAGA CAC CACACGA
RPSS8 Forward: TCT CCT GGG GCT CAG AGT GTT G 60
Reverse: CGG TAC GGT GTG CTG TCG ATG

piRNA: Piwi-interacting RNA; Piwi: P-element-induced wimpy testis; NU: Unknown upregulated piRNA; ND: Unknown
downregulated piRNA; MTRNR2L1: MT-RNR2 like protein 1; NOP56: NOP56 ribonucleoprotein; RPSS: 40S ribosomal protein S8
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Fig1 Heatmap of 50 differentially expressed unknown piRNAs in Piwil2-induced cancer stem-like cells

Piwil2: Piwi like 2; piRNA: Piwi-interacting RNA; Piwi: P-element-induced wimpy testis; NU: Unknown upregulated piRNA; ND:

Unknown downregulated piRNA; S01/S02 Piwil2-FB: Piwil2-green fluorescent protein reprogramming human fibroblast; S03/S04

GFP-FB: Green fluorescent protein reprogramming human fibroblast
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ribonucleoprotein, NOP56 ) f 4 /|~ H {E & H, MT-RNR2 #£ 45 1 1 ( MT-RNR2 like protein 1,
408 # BE 1K % 1 S8 (408 ribosomal protein S8, MTRNR2L1 ) KA 765 H HAER 4% rh, {H )&
RPS8) A 3N HAEH M, MEMEMLGEG I EES  TE2 R RIKEHT 10 G209 T AR piRNA A 3 4>
41572 NOP56 FlIRPS8 (0.994) . WA 3. 8%k piRNAFEmE.

Regulation of cytosolic calcium
ion concentration

Poly (A) RNA binding - P value
0.08
ATP tivit 007
ase activity - .
Heterophilic cell-cell adhesion via 0.05
plasma membrane cell adhesion ~ 0.04

molecules

Actin binding -

Gene count
2 Piwil2 B SR IMERE T AR = 7R 1% piRNA FUNEEE R GO £
Fig2 GO functional classification of predicted target genes of differentially expressed piRNAs in Piwil2-induced

cancer stem-like cells

Piwil2: Piwi like 2; piRNA: Piwi-interacting RNA; Piwi: P-element-induced wimpy testis; GO: Gene ontology
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P-element-induced wimpy testis
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Fig 4 Expression of piRNAs and their predicted target genes in childhood nephroblastoma

piRNA: Piwi-interacting RNA; Piwi: P-element-induced wimpy testis; NU: Unknown upregulated piRNA; ND: Unknown
downregulated piRNA; MTRNR2L1: MT-RNR2 like protein 1; NOP56: NOP56 ribonucleoprotein; RPS8: 40S ribosomal protein S8.
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Tab 2 Correlation between expression of piRNAs and their predicted target genes and clinicopathological parameters

in childhood nephroblastoma

M(Q,, Q)
Parameter n NU9 NUI3 ND5 ND7
Age (month)
<23 17 0.412 (0.156, 0.668)  0.344 (0.205, 0.796)  0.042 (0.008, 0.486)  0.143 (0.025, 0.805)
>23 17 0.310(0.170, 0.423)  0.274 (0.147,0.642)  0.177 (0.071, 0.434)  0.224 (0.082, 0.551)
P value 0.433 0.540 0.357 0.413
Gender
Male 15 0.312 (0.166, 0.620)  0.308 (0.156, 0.629)  0.177 (0.053, 0.563)  0.339 (0.068, 0.536)
Female 19 0.374 (0.199, 0.540)  0.351 (0.163,0.727)  0.153 (0.015,0.415)  0.188 (0.040, 0.669)
P value 0.560 0.656 0.410 0.537
Tumor stage
I-1 16 0.338 (0.201, 0.520)  0.319(0.125,0.572)  0.048 (0.018,0.499)  0.192 (0.049, 0.945)
m-v 18 0.333 (0.156,0.805)  0.402 (0.222,0.702)  0.192 (0.071, 0.355)  0.219 (0.078, 0.544)
P value 0.825 0.313 0.597 0.932
Pathological type
FH 27 0.312 (0.134,0.540)  0.308 (0.139, 0.655)  0.177 (0.016, 0.509)  0.339 (0.050, 0.566)
uFH 7 0.356 (0.295, 0.865)  0.460 (0.238, 0.660)  0.153 (0.024, 0.227)  0.122 (0.049, 0.224)
P value 0.452 0.427 0.647 0.403
Parameter n ND9 MTRNR2L1 NOP56 RPSS8
Age (month)
<23 17 0.093 (0.022, 0.440) 0.085 (0.047, 0.222) 1.973 (0.743, 3.502) 1.613 (1.143,2.603)
>23 17 0.178 (0.037, 0.495) 0.071 (0.012, 0.139) 0.570 (0.459, 1.587) 0.779 (0.599, 1.667)
P value 0.563 0.205 0.016 0.031
Gender
Male 15 0.312 (0.020, 0.448) 0.049 (0.013, 0.122) 0.616 (0.483, 1.214) 0.779 (0.595, 1.021)
Female 19 0.093 (0.024, 0.444) 0.107 (0.045, 0.235) 1.647 (0.702, 3.030) 1.613 (0.895, 2.732)
P value 0.681 0.060 0.040 0.005
Tumor stage
[-1 16 0.100 (0.024, 0.423) 0.100 (0.016, 0.280) 0.100 (0.016, 0.280) 1.344 (0.679, 2.338)
m-Vv 18 0.236 (0.020, 0.583) 0.077 (0.025, 0.141) 0.077 (0.025, 0.141) 0.911 (0.628, 2.612)
P value 0.597 0.463 0.175 0.695
Pathological type
FH 27 0.106 (0.020, 0.438) 0.060 (0.015, 0.177) 1.214 (0.570, 2.497) 1.292 (0.646, 2.346)
uFH 7 0.312 (0.036, 0.584) 0.125(0.083, 0.209) 0.835(0.283, 3.031) 0.927 (0.611, 2.621)
P value 0.294 0.151 0.647 0.771

M (Q,, Oy): Median (lower quartile, upper quartile); piRNA: Piwi-interacting RNA; Piwi: P-element-induced wimpy testis;
NU: Unknown upregulated piRNA; ND: Unknown downregulated piRNA; MTRNR2L1: MT-RNR2 like protein 1; NOP56: NOP56
ribonucleoprotein; RPS8: 40S ribosomal protein S8; FH: Favorable histology; uFH: Unfavorable histology
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