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Figure S1. Log-transformed distributions of blood and urinary metal concentrations in study participants. 

 



Figure S2. Correlation heatmap of heavy metal and metalloid concentrations in the blood and urine. Only 

statistically significant correlation coefficients are presented. 
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Table S1. Distribution of blood and urine concentrations of heavy metal and metalloid in study participants. 

 LOQ 
Percentage 

above LOQ 
Median (interquartile range) 

Selected percentiles 

33th 50th 66th 

Blood (μg/L)       

Blood Hg 0.1 100.0 1.05 (0.67, 1.42) 0.86 1.05 1.40 

Blood Pb 0.1 100.0 4.85 (4.18, 6.3) 4.60 4.85 5.73 

Blood As 0.09 100.0 2.45 (1.4, 3.2) 1.60 2.45 2.92 

Blood Al 0.1 100.0 8.4 (6.45, 10.35) 6.80 8.4 9.32 

Blood Cs 0.1 100.0 1.95 (1.48, 2.22) 1.66 1.95 2.11 

Urine (μg/g Creatinine)       

Urine Hg 0.1 100.0 0.56 (0.38, 0.86) 0.41 0.56 0.69 

Urine Pb 0.1 91.7 0.45 (0.32, 0.63) 0.38 0.45 0.57 

Urine Cd 0.1 69.4 0.14 (0.07, 0.21) 0.12 0.14 0.18 

Urine As 0.1 100.0 84.36 (62.91, 163.09) 69.4 84.36 100.03 

Urine Al 0.1 100.0 9.91 (5.19, 18.15) 6.90 9.91 13.67 

Urine Cs 0.1 100.0 0.76 (0.63, 1.02) 0.65 0.76 0.86 

Urine Sb 0.01 100.0 0.07 (0.06, 0.13) 0.06 0.07 0.11 

Urine Tl 0.1 100.0 0.20 (0.14, 0.29) 0.16 0.20 0.23 

Urine Ni 0.1 100.0 2.51 (1.51, 4.34) 2.00 2.51 3.28 

LOQ, limit of quantification 

 



Table S2. Comparison of blood and urine concentrations of heavy metal and metalloid in study participants 

Variables 
ISS 

(n = 13) 

GHD 

(n = 11) 

Control 

(n = 12) 
p-value 

ISS vs. 

control 

GHD 

vs. 

control 

ISS 

vs. 

GHD 

Blood (μg/L) 

Hg 1.00 (0.80, 1.80)  1.10 (0.50, 1.50) 1.10 (0.83, 1.40) 0.727 NS NS NS 

Pb 6.20 (5.30, 7.50)  4.80 (4.2, 5.85)  4.65 (4.10, 4.82) 0.123 NS NS NS 

As 2.60 (1.60, 3.10) 2.60 (1.55, 3.50) 1.70 (1.08, 2.83) 0.293 NS NS NS 

Al 8.80 (6.90, 9.30) 6.00 (5.30, 9.85) 9.55 (7.42, 13.62) 0.176 NS NS NS 

Cs 1.80 (1.40, 2.00) 1.90 (1.50, 2.05) 2.40 (1.60, 2.78) 0.217 NS NS NS 

Urine (μg/g creatinine) 

Hg 0.42 [0.38, 0.9] 0.63 [0.57, 0.81] 0.45 [0.40, 0.60] 0.557 NS NS NS 

Pb 0.47 [0.41, 0.62] 0.48 [0.18, 0.72] 0.40 [0.34, 0.55] 0.753 NS NS NS 

Cd 0.21 [0.08, 0.22] 0.14 [0.10, 0.29] 0.12 [0.11, 0.16] 0.383 NS NS NS 

As 91.69 [82.97, 165.37] 162.41 [64.81, 188.56] 65.96 [39.06, 78.89] 0.023 0.038 0.046 0.904 

Al 11.15 [7.31, 20.42] 8.22 [4.85, 18.01] 9.50 [5.105, 15.68] 0.747 NS NS NS 

Cs 0.72 [0.61, 0.82] 0.76 [0.62, 0.88] 0.89 [0.64, 1.44] 0.335 NS NS NS 

Sb 0.08 [0.06, 0.12] 0.07 [0.06, 0.16] 0.07 [0.05, 0.11] 0.697 NS NS NS 

Tl 0.19 [0.14, 0.28] 0.16 [0.13, 0.23] 0.23 [0.17, 0.41] 0.252 NS NS NS 

Ni 3.08 [1.98, 4.68] 2.53 [1.53, 4.08] 2.16 [1.45, 3.51] 0.648 NS NS NS 

Results are presented as median (interquartile range) and comparisons were performed using the Kruskal–

Wallis test with Dunn’s test for post-hoc analysis. 

ISS, idiopathic short stature; GHD, idiopathic growth hormone deficiency 

 



Table S3. Differentially expressed miRNAs (|log2FC| > 1, p < 0.05) between the high and low exposure groups for blood Pb, urine Hg, and urine As. 

High vs. low blood Pb   High vs. low urine As   High vs. low urine Hg  

Mature miRNA Log2FC p-value FDR  Mature miRNA Log2FC p-value FDR  Mature miRNA Log2FC p-value FDR 

hsa-miR-4755-3p 1.342 0.043 0.746  hsa-miR-4488 1.795 0.013 0.999  hsa-miR-3614-5p 1.415 0.004 0.413 

hsa-miR-378g 1.261 0.043 0.746  hsa-miR-3614-5p 1.523 0.002 0.447  hsa-miR-6724-5p 1.359 0.003 0.405 

hsa-miR-766-5p ­1.037 0.007 0.563  hsa-miR-6821-5p 1.397 0.047 0.999  hsa-miR-4516† 1.353 0.001 0.405 

hsa-miR-6772-3p ­1.045 0.038 0.746  hsa-miR-133a-3p‡ 1.306 0.001 0.447  hsa-miR-376b-3p 1.348 0.020 0.910 

hsa-miR-511-5p ­1.106 0.025 0.746  hsa-miR-3183 1.270 0.032 0.999  hsa-miR-3180-3p 1.280 0.040 0.910 

hsa-miR-6837-3p ­1.167 0.022 0.746  hsa-miR-1246 1.187 0.002 0.447  hsa-miR-133a-3p‡ 1.267 0.002 0.405 

hsa-miR-12136 ­1.219 0.006 0.563  hsa-miR-4676-3p 1.141 0.012 0.999  hsa-miR-450a-1-3p 1.173 0.003 0.405 

hsa-miR-4448 ­1.240 0.005 0.563  hsa-miR-4516† 1.069 0.009 0.999  hsa-miR-1234-3p 1.144 0.037 0.910 

hsa-miR-3180-3p ­1.243 0.045 0.746  hsa-miR-548j-3p ­1.214 0.041 0.999  hsa-miR-6807-5p 1.077 0.030 0.910 

hsa-miR-4748 ­1.257 0.014 0.746       hsa-miR-2115-3p 1.057 0.022 0.910 

hsa-miR-365b-5p ­1.269 0.015 0.746       hsa-miR-3192-5p ­1.143 0.038 0.910 

hsa-miR-4446-5p ­1.278 0.043 0.746       hsa-miR-34b-3p ­1.237 0.025 0.910 

hsa-miR-3942-5p ­1.311 0.019 0.746       hsa-miR-6515-5p ­1.819 0.006 0.556 

hsa-let-7e-3p ­1.404 0.023 0.746           

hsa-miR-4773 ­1.419 0.029 0.746           

hsa-miR-2116-5p ­1.489 0.005 0.746           

hsa-miR-1185-2-3p ­1.489 0.005 0.746           

hsa-miR-4725-3p ­1.653 0.002 0.746           

hsa-miR-181d-3p ­1.681 0.007 0.746           

hsa-miR-4488* ­1.704 0.019 0.746           

hsa-miR-4632-3p ­2.011 0.001 0.746           

hsa-miR-508-3p ­2.025 0.002 0.746           

*Also downregulated in the ISS group compared with the control group 



†Also upregulated in the GHD group compared with the control and ISS groups 

‡Also upregulated in the GHD group compared with the ISS group 

 



Table S4. Differentially expressed miRNAs (|log2FC| > 1, p < 0.05) according to the height groups. 

ISS vs. control   GHD vs. control   GHD vs. ISS   
Mature miRNA Log2FC p-value FDR  Mature miRNA Log2FC p-value FDR  Mature miRNA Log2FC p-value FDR  
hsa-miR-6515-5p 1.804 0.040 0.813  hsa-miR-6802-3p 1.768 0.010 0.978  hsa-miR-4687-5p 2.059 0.005 0.999  

hsa-miR-409-5p 1.801 0.008 0.761  hsa-miR-409-5p 1.642 0.026 0.978  hsa-miR-3190-3p 1.783 0.008 0.999  

hsa-miR-12135 1.691 0.019 0.813  hsa-miR-543 1.494 0.020 0.978  hsa-miR-19b-1-5p 1.768 0.022 0.999  

hsa-miR-2278 1.558 0.010 0.761  hsa-miR-627-5p 1.412 0.003 0.896  hsa-miR-1236-5p 1.688 0.022 0.999  

hsa-miR-6882-5p 1.513 0.018 0.813  hsa-miR-3190-3p 1.386 0.018 0.978  hsa-miR-1185-2-3p 1.672 0.02 0.999  

hsa-miR-323b-3p 1.450 0.013 0.761  hsa-miR-3191-3p 1.347 0.033 0.978  hsa-miR-6802-3p 1.634 0.012 0.999  

hsa-miR-1262 1.348 0.049 0.813  hsa-miR-6741-3p 1.165 0.002 0.896  hsa-miR-3613-3p 1.567 0.043 0.999  

hsa-miR-4646-5p 1.242 0.018 0.813  hsa-miR-4516† 1.132 0.045 0.978  hsa-miR-873-3p 1.472 0.038 0.999  

hsa-miR-4433b-3p 1.223 0.012 0.761  hsa-miR-9-3p 1.070 0.032 0.978  hsa-miR-133a-3p‡ 1.402 0.002 0.869  

hsa-miR-6813-5p 1.218 0.022 0.813  hsa-miR-92b-5p 1.066 0.008 0.978  hsa-miR-1275 1.347 0.027 0.999  

hsa-miR-548av-5p 1.126 0.047 0.813  hsa-miR-5193 1.058 0.015 0.978  hsa-miR-1-3p 1.162 0.009 0.999  

hsa-miR-548k 1.126 0.047 0.813  hsa-miR-6513-5p 1.022 0.026 0.978  hsa-miR-874-5p 1.126 0.013 0.999  

hsa-miR-331-5p 1.114 0.006 0.761  hsa-miR-99b-3p 1.021 0.016 0.978  hsa-miR-1-3p 1.118 0.012 0.999  

hsa-miR-3679-5p 1.086 0.048 0.813  hsa-miR-4804-5p ­1.131 0.024 0.978  hsa-miR-4516† 1.091 0.039 0.999  

hsa-miR-27a-5p 1.072 0.030 0.813  hsa-miR-365a-5p ­1.269 0.036 0.978  hsa-miR-4665-5p 1.035 0.045 0.999  

hsa-miR-23a-5p 1.071 0.012 0.761       hsa-miR-6859-5p 1.033 0.025 0.999  

hsa-miR-330-3p 1.054 0.026 0.813       hsa-miR-1234-3p ­1.384 0.049 0.999  

hsa-miR-548e-5p 1.036 0.023 0.813       hsa-miR-3667-5p ­1.462 0.031 0.999  

hsa-miR-4526 ­1.040 0.037 0.813       hsa-miR-4804-5p ­1.676 0.009 0.999  

hsa-miR-150-5p ­1.215 0.000 0.134            

hsa-miR-6724-5p ­1.227 0.034 0.813            

hsa-miR-1289 ­1.502 0.010 0.761            

hsa-miR-4488* ­2.437 0.007 0.761            

Raw p-values were obtained from the edgeR likelihood ratio tests. 

*Also downregulated in high blood Pb group compared with the low urine Pb group 



†Also upregulated in the high urine Hg and As groups compared with the low groups 

‡Also upregulated in the high urine As group compared with the low urine As group 

ISS, idiopathic short stature; GHD, idiopathic growth hormone deficiency. 



Table S5. Predicted target genes of differentially expressed miRNAs in the high blood Pb group compared with the low blood Pb group. 

Gene symbol p-value Odd ratio Number of interactions microRNA 1 microRNA 2 microRNA 3 microRNA 4 microRNA 5 microRNA 6 

FXYD1 0.0000464 0.0539 4 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4725-3p   
WSCD1 0.0000619 0.0282 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
GLIPR1L2 0.000248 0.0436 3 hsa-miR-511-5p hsa-miR-4446-5p hsa-miR-4748    
GMEB2 0.000128 0.0693 4 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488 hsa-miR-766-5p   
PCDHB2 0.000205 0.041 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
RASD1 0.000167 0.0385 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
STMN3 0.000237 0.0808 4 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-766-5p   
SIGLEC12 0.000296 0.0462 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
LSP1 0.000409 0.0513 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488    
MAPK8IP2 0.000547 0.0564 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
MRPL44 0.00063 0.104 4 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488 hsa-miR-4725-3p   
VPS51 0.000626 0.059 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180 

TACC3 0.000805 0.0641 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180   
SALL4 0.00101 0.0693 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488    
HMX1 0.00113 0.0718 3 hsa-miR-766-5p hsa-miR-4448 hsa-miR-6772-3p    
RUNX3 0.00128 0.125 4 hsa-miR-766-5p hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180   
CBARP 0.00139 0.077 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
LY6K 0.002 0.0872 3 hsa-miR-6772-3p hsa-miR-4448 hsa-miR-6837-3p    
SEMA3G 0.00196 0.0346 2 hsa-miR-6772-3p hsa-miR-4448     
PITX3 0.00244 0.0385 2 hsa-miR-3180-3p hsa-miR-3180     
ASCL2 0.00256 0.0949 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-766-5p    
CASP16P 0.00317 0.16 4 hsa-miR-365b-5p hsa-miR-3180-3p hsa-miR-3180 hsa-miR-181d-3p   
KDELC2 0.00321 0.103 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488    
MSI1 0.00321 0.103 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
SBF1 0.00331 0.162 4 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488 hsa-miR-4725-3p   
DGKD 0.00417 0.05 2 hsa-miR-766-5p hsa-miR-6837-3p     
KCNK3 0.00479 0.118 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-365b-5p    



MARVELD1 0.00509 0.121 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4725-3p    
MIDN 0.00462 0.28 6 hsa-miR-4725-3p hsa-miR-4748 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-766-5p 

OTUB1 0.0045 0.115 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4725-3p    
RXRB 0.00509 0.121 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
SLC5A12 0.0045 0.115 3 hsa-miR-4446-5p hsa-miR-6772-3p hsa-miR-4448    
SRRM4 0.0045 0.115 3 hsa-miR-511-5p hsa-miR-6772-3p hsa-miR-4448    
TBC1D14 0.00484 0.0539 2 hsa-miR-4448 hsa-miR-6772-3p     
VPS18 0.00422 0.113 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-508-3p    
XPO6 0.0037 0.108 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-766-5p    
ZCCHC3 0.00426 0.173 4 hsa-miR-4725-3p hsa-miR-181d-3p hsa-miR-3180-3p hsa-miR-3180   
CHD5 0.00556 0.0577 2 hsa-miR-4446-5p hsa-miR-4748     
ZNF330 0.00556 0.0577 2 hsa-miR-6772-3p hsa-miR-4448     
GNAI2 0.00573 0.126 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488    
MELTF 0.00633 0.0616 2 hsa-miR-3180-3p hsa-miR-3180     
AMH 0.008 0.0693 2 hsa-miR-3180-3p hsa-miR-3180 

ENG 0.00714 0.0654 2 hsa-miR-3180-3p hsa-miR-3180    
H2AFX 0.00677 0.133 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
HTR1F 0.008 0.0693 2 hsa-miR-6772-3p hsa-miR-4448     
ISL2 0.008 0.0693 2 hsa-miR-4725-3p hsa-miR-4632-3p     
MARCH1 0.00714 0.0654 2 hsa-miR-4446-5p hsa-miR-4748     
NEUROD2 0.00753 0.139 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
ST7L 0.008 0.0693 2 hsa-miR-3180-3p hsa-miR-3180     
UQCC3 0.008 0.0693 2 hsa-miR-3180-3p hsa-miR-3180     
THSD4 0.00833 0.144 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
SLITRK5 0.0089 0.0731 2 hsa-miR-3180-3p hsa-miR-3180     
TULP1 0.0089 0.0731 2 hsa-miR-3180-3p hsa-miR-3180     
SHISA2 0.00918 0.149 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
SLAMF1 0.00984 0.077 2 hsa-miR-6837-3p hsa-miR-4448     
TMEM117 0.00984 0.077 2 hsa-miR-365b-5p hsa-miR-2116-5p     
C3orf52 0.0108 0.0808 2 hsa-miR-4446-5p hsa-miR-4748     



HMGCLL1 0.0108 0.0808 2 hsa-miR-6772-3p hsa-miR-4448     
RPL28 0.011 0.159 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4488    
BICDL1 0.012 0.164 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-766-5p    
CCDC83 0.0119 0.0846 2 hsa-miR-511-5p hsa-miR-4773     
DECR1 0.0119 0.0846 2 hsa-miR-511-5p hsa-miR-4773     
NUAK2 0.0119 0.0846 2 hsa-miR-766-5p hsa-miR-4748     
PRICKLE4 0.012 0.164 3 hsa-miR-4725-3p hsa-miR-4446-5p hsa-miR-508-3p    
C3orf36 0.0131 0.169 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4725-3p    
ENTPD5 0.0131 0.169 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
FAM43A 0.0129 0.0885 2 hsa-miR-3180-3p hsa-miR-3180     
KLF9 0.0129 0.0885 2 hsa-miR-511-5p hsa-miR-4748     
SLC10A7 0.0131 0.169 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
ATG2A 0.0136 0.172 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
CAPN5 0.014 0.0923 2 hsa-miR-4448 hsa-miR-6772-3p     
CRTC2 0.014 0.0923 2 hsa-miR-4725-3p hsa-miR-766-5p 

FANCM 0.014 0.0923 2 hsa-miR-6772-3p hsa-miR-4448    
FAM193A 0.0152 0.0962 2 hsa-miR-3180-3p hsa-miR-3180     
GNB2 0.0152 0.0962 2 hsa-miR-4488 hsa-miR-766-5p     
REPIN1 0.0154 0.18 3 hsa-miR-4725-3p hsa-miR-3180-3p hsa-miR-3180    
ZNF385A 0.0147 0.246 4 hsa-miR-4725-3p hsa-miR-4488 hsa-miR-3180 hsa-miR-3180-3p   
CELF2 0.0176 0.104 2 hsa-miR-4446-5p hsa-miR-4748     
CEP19 0.0176 0.104 2 hsa-miR-4448 hsa-miR-508-3p     
DPF1 0.0189 0.108 2 hsa-miR-3180-3p hsa-miR-3180     
GMDS 0.0189 0.108 2 hsa-miR-3180-3p hsa-miR-3180     
MSC 0.0189 0.108 2 hsa-miR-3180-3p hsa-miR-3180     
PAX2 0.0189 0.108 2 hsa-miR-4488 hsa-miR-766-5p     
POU3F3 0.0189 0.108 2 hsa-miR-3180-3p hsa-miR-3180     
RAB11B 0.0185 0.192 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
RASSF8 0.0189 0.108 2 hsa-miR-511-5p hsa-miR-508-3p     
SEC24A 0.0185 0.192 3 hsa-miR-4748 hsa-miR-2116-5p hsa-miR-6837-3p    



SET 0.0178 0.19 3 hsa-miR-1185-2-3p hsa-miR-766-5p hsa-miR-6772-3p    
C10orf55 0.0202 0.112 2 hsa-miR-3180-3p hsa-miR-3180     
NOX5 0.0202 0.112 2 hsa-miR-4748 hsa-miR-4446-5p     
RREB1 0.0194 0.267 4 hsa-miR-4725-3p hsa-miR-4773 hsa-miR-6772-3p hsa-miR-4448   
TMEM242 0.0202 0.112 2 hsa-miR-6837-3p hsa-miR-4748     
TTC38 0.0202 0.112 2 hsa-miR-4446-5p hsa-miR-365b-5p     
ZBTB7B 0.0205 0.2 3 hsa-miR-4632-3p hsa-miR-3180-3p hsa-miR-3180    
CAND1 0.0242 0.213 3 hsa-miR-1185-2-3p hsa-miR-511-5p hsa-miR-2116-5p    
CD99 0.0243 0.123 2 hsa-miR-1185-2-3p hsa-miR-365b-5p     
CLCN7 0.0229 0.119 2 hsa-miR-3180-3p hsa-miR-3180     
CSK 0.0243 0.123 2 hsa-miR-3180-3p hsa-miR-3180     
EFHD2 0.0242 0.213 3 hsa-miR-4748 hsa-miR-6772-3p hsa-miR-766-5p    
LEPROTL1 0.0243 0.123 2 hsa-miR-3180-3p hsa-miR-3180     
MIA3 0.0243 0.123 2 hsa-miR-6772-3p hsa-miR-4448     
OLR1 0.0227 0.208 3 hsa-miR-4725-3p hsa-miR-3180-3p hsa-miR-3180 

PBX2 0.0215 0.115 2 hsa-miR-3180-3p hsa-miR-3180    
PFKFB2 0.0229 0.119 2 hsa-miR-1185-2-3p hsa-miR-4725-3p     
PRKCD 0.0243 0.123 2 hsa-miR-6772-3p hsa-miR-4448     
CSNK1D 0.0258 0.127 2 hsa-miR-4448 hsa-miR-6772-3p     
KANSL1L 0.0258 0.127 2 hsa-miR-4748 hsa-miR-1185-2-3p     
PLEKHO1 0.0258 0.127 2 hsa-miR-6772-3p hsa-miR-4448     
FEM1A 0.0262 0.352 5 hsa-miR-4725-3p hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-365b-5p  
AZIN1 0.0272 0.131 2 hsa-miR-2116-5p hsa-miR-4725-3p     
C1orf52 0.0272 0.131 2 hsa-miR-1185-2-3p hsa-miR-2116-5p     
IER3 0.0272 0.131 2 hsa-miR-3942-5p hsa-miR-766-5p     
INTU 0.0274 0.223 3 hsa-miR-3942-5p hsa-miR-4773 hsa-miR-365b-5p    
AMOTL2 0.029 0.228 3 hsa-miR-4446-5p hsa-miR-6772-3p hsa-miR-4448    
LYRM4 0.0299 0.231 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
PKNOX2 0.0288 0.135 2 hsa-miR-1185-2-3p hsa-miR-4725-3p     
YAF2 0.0288 0.135 2 hsa-miR-2116-5p hsa-miR-3942-5p     



RHOB 0.0316 0.236 3 hsa-miR-4446-5p hsa-miR-3180-3p hsa-miR-3180    
IL21R 0.0319 0.142 2 hsa-miR-4748 hsa-miR-766-5p     
SELENON 0.0325 0.239 3 hsa-miR-6772-3p hsa-miR-4448 hsa-miR-6837-3p    
SCAMP3 0.0335 0.146 2 hsa-miR-3180-3p hsa-miR-3180     
TFAP2B 0.0335 0.146 2 hsa-miR-4632-3p hsa-miR-181d-3p     
UNK 0.0344 0.244 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4725-3p    
POU3F1 0.0352 0.15 2 hsa-miR-3180-3p hsa-miR-3180     
ZBTB22 0.0352 0.15 2 hsa-miR-6772-3p hsa-miR-4448     
GPAT4 0.0372 0.251 3 hsa-miR-4488 hsa-miR-3180-3p hsa-miR-3180    
RAD50 0.0368 0.154 2 hsa-miR-766-5p hsa-miR-511-5p     
MTA1 0.0386 0.158 2 hsa-miR-3180-3p hsa-miR-3180     
SGCD 0.0386 0.158 2 hsa-miR-511-5p hsa-miR-365b-5p     
CERS1 0.0403 0.162 2 hsa-miR-4632-3p hsa-miR-4488     
GBA2 0.0403 0.162 2 hsa-miR-4725-3p hsa-miR-766-5p     
MAX 0.0403 0.162 2 hsa-miR-1185-2-3p hsa-miR-4725-3p 

PCTP 0.0403 0.162 2 hsa-miR-4446-5p hsa-miR-1185-2-3p    
RNF144B 0.0403 0.162 2 hsa-miR-3180-3p hsa-miR-3180     
RNF157 0.0392 0.257 3 hsa-miR-766-5p hsa-miR-6772-3p hsa-miR-4448    
MARCH9 0.0421 0.165 2 hsa-miR-4725-3p hsa-miR-181d-3p     
ROBO1 0.0421 0.165 2 hsa-miR-1185-2-3p hsa-miR-508-3p     
CS 0.0457 0.173 2 hsa-miR-4488 hsa-miR-766-5p     
EXOC5 0.0439 0.169 2 hsa-miR-4773 hsa-miR-4446-5p     
NOVA2 0.0439 0.169 2 hsa-miR-766-5p hsa-miR-4446-5p     
NRGN 0.0439 0.169 2 hsa-miR-3180-3p hsa-miR-3180     
OIP5 0.0439 0.169 2 hsa-miR-365b-5p hsa-miR-508-3p     
SESN2 0.0443 0.269 3 hsa-miR-4748 hsa-miR-4725-3p hsa-miR-766-5p    
UTP15 0.0457 0.173 2 hsa-miR-6772-3p hsa-miR-4448     
ZNF260 0.0439 0.169 2 hsa-miR-4773 hsa-miR-6837-3p     
ARAP2 0.0476 0.177 2 hsa-miR-1185-2-3p hsa-miR-4446-5p     
MSN 0.0475 0.277 3 hsa-miR-6772-3p hsa-miR-4448 hsa-miR-4488    



ZNF444 0.0476 0.177 2 hsa-miR-766-5p hsa-miR-4725-3p     
KSR2 0.0495 0.181 2 hsa-miR-766-5p hsa-miR-511-5p     
MTRNR2L10 0.0514 0.185 2 hsa-miR-508-3p hsa-miR-2116-5p     
RCAN1 0.0495 0.181 2 hsa-miR-4446-5p hsa-miR-2116-5p     
SLC9A7 0.0495 0.181 2 hsa-miR-3180-3p hsa-miR-3180     
WNK1 0.0498 0.282 3 hsa-miR-1185-2-3p hsa-miR-6772-3p hsa-miR-4448    

Analyses were performed using Mienturnet (DB: miRTarBase), and only statistically significant genes (p < 0.05) are presented. Gene symbols corresponding to hsa-miR-

4488, which was downregulated in both the high Pb and ISS groups, are indicated in bold.



Table S6. Predicted target genes of differentially expressed miRNAs in the high urinary As group compared 

with the low As group. 

Gene symbol p-value Odd ratio Number of interactions microRNA 1 microRNA 2 microRNA 3 

ALDH9A1 0.02 0.114 2 hsa-miR-3614-5p hsa-miR-4516  
C11orf24 0.00523 0.0569 2 hsa-miR-133a-3p hsa-miR-3614-5p  
CALHM5 0.0255 0.129 2 hsa-miR-4676-3p hsa-miR-3183  
CCDC39 0.00186 0.0339 2 hsa-miR-133a-3p hsa-miR-4676-3p  
CMTM4 0.0122 0.0877 2 hsa-miR-4516 hsa-miR-133a-3p  
EIF5AL1 0.0456 0.177 2 hsa-miR-4488 hsa-miR-4516  
FBRS 0.0346 0.152 2 hsa-miR-3614-5p hsa-miR-4488  
HACE1 0.0238 0.125 2 hsa-miR-4676-3p hsa-miR-3614-5p  
KCNH2 0.00907 0.0754 2 hsa-miR-133a-3p hsa-miR-4516  
KPNA6 0.0464 0.179 2 hsa-miR-4516 hsa-miR-133a-3p  
MC2R 0.013 0.0908 2 hsa-miR-3614-5p hsa-miR-133a-3p  
MED4 0.00346 0.0462 2 hsa-miR-1246 hsa-miR-4676-3p  
MNT 0.04 0.165 2 hsa-miR-3614-5p hsa-miR-4516  
MSN 0.0407 0.166 2 hsa-miR-133a-3p hsa-miR-4488  
NACC1 0.0426 0.279 3 hsa-miR-4488 hsa-miR-3183 hsa-miR-3614-5p 

NF2 0.0379 0.16 2 hsa-miR-4488 hsa-miR-4516  
NFAM1 0.0061 0.0616 2 hsa-miR-3183 hsa-miR-133a-3p  
PIM1 0.00703 0.0662 2 hsa-miR-4516 hsa-miR-1246  
POLR3D 0.0147 0.097 2 hsa-miR-3183 hsa-miR-3614-5p 

POU3F1 0.0058 0.06 2 hsa-miR-3183 hsa-miR-4516 

PTPN14 0.0464 0.179 2 hsa-miR-4516 hsa-miR-3183  
RAB11B 0.0206 0.115 2 hsa-miR-4488 hsa-miR-6821-5p  
REST 0.0353 0.154 2 hsa-miR-4516 hsa-miR-4676-3p  
SERPINA3 0.00186 0.0339 2 hsa-miR-3183 hsa-miR-3614-5p  
SLC10A6 0.0407 0.166 2 hsa-miR-3614-5p hsa-miR-4516  
SLC12A5 0.00552 0.0585 2 hsa-miR-4488 hsa-miR-3614-5p  
SLC16A5 0.00552 0.0585 2 hsa-miR-3614-5p hsa-miR-3183  
SLC7A5 0.041 0.275 3 hsa-miR-4516 hsa-miR-4488 hsa-miR-6821-5p 

THBS2 0.0238 0.125 2 hsa-miR-133a-3p hsa-miR-3183  
TMCO1 0.0386 0.162 2 hsa-miR-3183 hsa-miR-3614-5p  
TRIM71 0.0379 0.16 2 hsa-miR-3614-5p hsa-miR-133a-3p  
ZNF799 0.018 0.108 2 hsa-miR-3614-5p hsa-miR-4676-3p  
ZNF85 0.0216 0.119 2 hsa-miR-1246 hsa-miR-3183  

Analyses were performed using Mienturnet (DB: miRTarBase), and only statistically significant genes (p < 0.05) 

are presented. Gene symbols corresponding to hsa-miR-4516 and hsa-miR-133a-3p, which were upregulated 

in both the high As and GHD groups, are indicated in bold. 



Table S7. Predicted target genes of differentially expressed miRNAs in the high urinary Hg group compared with the low Hg group. 

Gene symbol p-value Odd ratio Number of interactions microRNA 1 microRNA 2 microRNA 3 microRNA 4 microRNA 5 
TOR4A 0.000154 0.0762 4 hsa-miR-4516 hsa-miR-1234-3p hsa-miR-3180-3p hsa-miR-3180  
VPS51 0.0000955 0.0324 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6724-5p   
CASP16P 0.000269 0.0878 4 hsa-miR-1234-3p hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6807-5p  
AMH 0.0024 0.0381 2 hsa-miR-3180-3p hsa-miR-3180    
ATG2A 0.00233 0.0945 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-376b-3p   
BCL9L 0.00402 0.114 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4516   
BHMT2 0.00233 0.0945 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-1234-3p   
CD180 0.00348 0.109 3 hsa-miR-6807-5p hsa-miR-3614-5p hsa-miR-450a-1-3p   
CD96 0.0024 0.0381 2 hsa-miR-1234-3p hsa-miR-6807-5p    
COL4A3BP 0.00476 0.121 3 hsa-miR-6807-5p hsa-miR-3614-5p hsa-miR-450a-1-3p   
DPF1 0.0058 0.0593 2 hsa-miR-3180-3p hsa-miR-3180    
ENG 0.00214 0.036 2 hsa-miR-3180-3p hsa-miR-3180 
EVI5 0.00431 0.117 3 hsa-miR-450a-1-3p hsa-miR-3614-5p hsa-miR-6807-5p 
FAM193A 0.00463 0.0529 2 hsa-miR-3180-3p hsa-miR-3180    
FAM43A 0.00393 0.0487 2 hsa-miR-3180-3p hsa-miR-3180    
FBXO6 0.000878 0.0233 2 hsa-miR-6807-5p hsa-miR-1234-3p    
FOXK1 0.00264 0.219 5 hsa-miR-6807-5p hsa-miR-376b-3p hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6724-5p 
FXYD1 0.0058 0.0593 2 hsa-miR-3180-3p hsa-miR-3180    
GMDS 0.0058 0.0593 2 hsa-miR-3180-3p hsa-miR-3180    
LSP1 0.00297 0.0423 2 hsa-miR-3180-3p hsa-miR-3180    
LYRM4 0.00542 0.127 3 hsa-miR-6807-5p hsa-miR-3180-3p hsa-miR-3180   
MAPK8IP2 0.00359 0.0466 2 hsa-miR-3180-3p hsa-miR-3180    
MELTF 0.00189 0.0339 2 hsa-miR-3180-3p hsa-miR-3180    
METTL14 0.00431 0.117 3 hsa-miR-450a-1-3p hsa-miR-6807-5p hsa-miR-1234-3p   
MSC 0.0058 0.0593 2 hsa-miR-3180-3p hsa-miR-3180    
PCDHB2 0.00189 0.0339 2 hsa-miR-3180-3p hsa-miR-3180    
PDS5A 0.0054 0.0571 2 hsa-miR-2115-3p hsa-miR-376b-3p    



PITX3 0.00072 0.0212 2 hsa-miR-3180-3p hsa-miR-3180    
POU3F1 0.000475 0.055 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-4516   
POU3F3 0.0058 0.0593 2 hsa-miR-3180-3p hsa-miR-3180    
RAB11B 0.00322 0.106 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6807-5p   
RASD1 0.00166 0.0317 2 hsa-miR-3180-3p hsa-miR-3180    
RBM4B 0.00446 0.119 3 hsa-miR-6807-5p hsa-miR-1234-3p hsa-miR-3614-5p   
RHOB 0.00576 0.13 3 hsa-miR-2115-3p hsa-miR-3180-3p hsa-miR-3180   
RNF144B 0.000592 0.0593 3 hsa-miR-6807-5p hsa-miR-3180-3p hsa-miR-3180   
RPL24 0.00214 0.0917 3 hsa-miR-1234-3p hsa-miR-450a-1-3p hsa-miR-3614-5p   
SALL4 0.0054 0.0571 2 hsa-miR-3180-3p hsa-miR-3180    
SFTPB 0.0054 0.0571 2 hsa-miR-6807-5p hsa-miR-133a-3p    
SHCBP1 0.0054 0.0571 2 hsa-miR-3614-5p hsa-miR-2115-3p    
SHISA2 0.00153 0.0818 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-450a-1-3p   
SIGLEC12 0.0024 0.0381 2 hsa-miR-3180-3p hsa-miR-3180    
SLITRK5 0.00268 0.0402 2 hsa-miR-3180-3p hsa-miR-3180 
SMURF2 0.0058 0.0593 2 hsa-miR-6807-5p hsa-miR-1234-3p 
ST7L 0.0024 0.0381 2 hsa-miR-3180-3p hsa-miR-3180    
STAT3 0.00388 0.113 3 hsa-miR-4516 hsa-miR-1234-3p hsa-miR-6807-5p   
TACC3 0.00463 0.0529 2 hsa-miR-3180-3p hsa-miR-3180    
TULP1 0.00268 0.0402 2 hsa-miR-3180-3p hsa-miR-3180    
UQCC3 0.0024 0.0381 2 hsa-miR-3180-3p hsa-miR-3180    
VKORC1 0.00124 0.0275 2 hsa-miR-133a-3p hsa-miR-6807-5p    
VPS18 0.00068 0.0621 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6807-5p   
WSCD1 0.000878 0.0233 2 hsa-miR-3180-3p hsa-miR-3180    
ZC3H8 0.00427 0.0508 2 hsa-miR-3614-5p hsa-miR-6807-5p    
ZCCHC3 0.00542 0.127 3 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6724-5p   
ZFAND4 0.00576 0.13 3 hsa-miR-3614-5p hsa-miR-450a-1-3p hsa-miR-6807-5p   
ZFP91 0.00348 0.109 3 hsa-miR-6807-5p hsa-miR-4516 hsa-miR-450a-1-3p   
ZNF699 0.00287 0.102 3 hsa-miR-376b-3p hsa-miR-1234-3p hsa-miR-3614-5p   
C10orf55 0.00621 0.0614 2 hsa-miR-3180-3p hsa-miR-3180    



FOSL2 0.00612 0.133 3 hsa-miR-6807-5p hsa-miR-133a-3p hsa-miR-450a-1-3p   
CBARP 0.00664 0.0635 2 hsa-miR-3180-3p hsa-miR-3180    
PBX2 0.00664 0.0635 2 hsa-miR-3180-3p hsa-miR-3180    
CLCN7 0.00708 0.0656 2 hsa-miR-3180-3p hsa-miR-3180    
EBNA1BP2 0.00688 0.138 3 hsa-miR-6807-5p hsa-miR-3614-5p hsa-miR-450a-1-3p   
FSCN1 0.00708 0.14 3 hsa-miR-133a-3p hsa-miR-3180-3p hsa-miR-3180   
FTO 0.00708 0.0656 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
CSK 0.00754 0.0677 2 hsa-miR-3180-3p hsa-miR-3180    
LEPROTL1 0.00754 0.0677 2 hsa-miR-3180-3p hsa-miR-3180    
CHCHD4 0.00849 0.072 2 hsa-miR-6807-5p hsa-miR-6724-5p    
PALD1 0.00801 0.0698 2 hsa-miR-1234-3p hsa-miR-4516    
TRIM71 0.00812 0.147 3 hsa-miR-2115-3p hsa-miR-3614-5p hsa-miR-133a-3p   
MNT 0.00879 0.151 3 hsa-miR-3614-5p hsa-miR-6807-5p hsa-miR-4516   
CA6 0.00898 0.0741 2 hsa-miR-3614-5p hsa-miR-6807-5p    
SLC10A6 0.00902 0.152 3 hsa-miR-450a-1-3p hsa-miR-3614-5p hsa-miR-4516 
GMEB2 0.00949 0.0762 2 hsa-miR-3180-3p hsa-miR-3180 
LRRC27 0.00949 0.0762 2 hsa-miR-6807-5p hsa-miR-1234-3p    
ZKSCAN3 0.00949 0.0762 2 hsa-miR-6724-5p hsa-miR-450a-1-3p    
ACOX1 0.0102 0.159 3 hsa-miR-450a-1-3p hsa-miR-6807-5p hsa-miR-1234-3p   
ASCL2 0.01 0.0783 2 hsa-miR-3180-3p hsa-miR-3180    
C11orf24 0.01 0.0783 2 hsa-miR-133a-3p hsa-miR-3614-5p    
LRIG2 0.0102 0.159 3 hsa-miR-4516 hsa-miR-6807-5p hsa-miR-450a-1-3p   
PARP2 0.0105 0.161 3 hsa-miR-3614-5p hsa-miR-450a-1-3p hsa-miR-6807-5p   
PRIM1 0.00973 0.157 3 hsa-miR-6807-5p hsa-miR-3614-5p hsa-miR-1234-3p   
RHD 0.01 0.0783 2 hsa-miR-3614-5p hsa-miR-6807-5p    
SCAMP3 0.0105 0.0804 2 hsa-miR-3180-3p hsa-miR-3180    
ZNF584 0.0105 0.161 3 hsa-miR-450a-1-3p hsa-miR-3614-5p hsa-miR-1234-3p   
KPNA6 0.011 0.164 3 hsa-miR-6807-5p hsa-miR-4516 hsa-miR-133a-3p   
PSMG1 0.0111 0.0825 2 hsa-miR-6807-5p hsa-miR-133a-3p    
KDELC2 0.0116 0.0846 2 hsa-miR-3180-3p hsa-miR-3180    



MLH1 0.0116 0.0846 2 hsa-miR-1234-3p hsa-miR-450a-1-3p    
MSI1 0.0116 0.0846 2 hsa-miR-3180-3p hsa-miR-3180    
MTA1 0.0122 0.0868 2 hsa-miR-3180-3p hsa-miR-3180    
STMN3 0.0128 0.0889 2 hsa-miR-3180-3p hsa-miR-3180    
TRUB2 0.0121 0.169 3 hsa-miR-450a-1-3p hsa-miR-6807-5p hsa-miR-3614-5p   
TTLL1 0.0128 0.0889 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
XPO6 0.0128 0.0889 2 hsa-miR-3180-3p hsa-miR-3180    
MRNIP 0.0132 0.175 3 hsa-miR-6807-5p hsa-miR-450a-1-3p hsa-miR-3614-5p   
NRGN 0.014 0.0931 2 hsa-miR-3180-3p hsa-miR-3180    
SMIM14 0.014 0.0931 2 hsa-miR-133a-3p hsa-miR-6807-5p    
OTUB1 0.0146 0.0952 2 hsa-miR-3180-3p hsa-miR-3180    
SPEM1 0.0146 0.0952 2 hsa-miR-1234-3p hsa-miR-6807-5p    
GNG4 0.0152 0.0973 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
KCNK3 0.0152 0.0973 2 hsa-miR-3180-3p hsa-miR-3180    
MARVELD1 0.0159 0.0995 2 hsa-miR-3180-3p hsa-miR-3180 
RXRB 0.0159 0.0995 2 hsa-miR-3180-3p hsa-miR-3180 
SLC9A7 0.0159 0.0995 2 hsa-miR-3180-3p hsa-miR-3180    
TMEM216 0.0159 0.0995 2 hsa-miR-3614-5p hsa-miR-6807-5p    
ZNF280C 0.0159 0.0995 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
CCDC80 0.0166 0.19 3 hsa-miR-4516 hsa-miR-450a-1-3p hsa-miR-6807-5p   
GNAI2 0.0172 0.104 2 hsa-miR-3180-3p hsa-miR-3180    
HAUS3 0.0173 0.193 3 hsa-miR-450a-1-3p hsa-miR-3614-5p hsa-miR-6807-5p   
KCNH2 0.0172 0.104 2 hsa-miR-133a-3p hsa-miR-4516    
PRPS1 0.0165 0.102 2 hsa-miR-6807-5p hsa-miR-3614-5p    
ZNF791 0.0172 0.104 2 hsa-miR-6807-5p hsa-miR-376b-3p    
GNB5 0.0179 0.106 2 hsa-miR-6807-5p hsa-miR-1234-3p    
NAB2 0.0179 0.106 2 hsa-miR-4516 hsa-miR-6807-5p    
PNMA2 0.0179 0.106 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
RAB42 0.0179 0.106 2 hsa-miR-6807-5p hsa-miR-2115-3p    
CYP27C1 0.0185 0.108 2 hsa-miR-376b-3p hsa-miR-6807-5p    



GNE 0.0214 0.116 2 hsa-miR-1234-3p hsa-miR-3614-5p    
GP5 0.0207 0.114 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
H2AFX 0.0192 0.11 2 hsa-miR-3180-3p hsa-miR-3180    
KCTD21 0.0207 0.114 2 hsa-miR-6807-5p hsa-miR-1234-3p    
MAPK8IP3 0.02 0.112 2 hsa-miR-3180-3p hsa-miR-3180    
MRPL44 0.0207 0.114 2 hsa-miR-3180-3p hsa-miR-3180    
MYPN 0.0209 0.207 3 hsa-miR-133a-3p hsa-miR-1234-3p hsa-miR-6807-5p   
NANOS1 0.0214 0.116 2 hsa-miR-3180 hsa-miR-3180-3p    
NEUROD2 0.0207 0.114 2 hsa-miR-3180-3p hsa-miR-3180    
PLCXD1 0.02 0.112 2 hsa-miR-6807-5p hsa-miR-3614-5p    
SLC25A34 0.0214 0.116 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
SLC39A11 0.0207 0.114 2 hsa-miR-3180-3p hsa-miR-3180    
SLC5A5 0.0185 0.108 2 hsa-miR-3614-5p hsa-miR-6807-5p    
SLC7A5 0.0203 0.284 4 hsa-miR-4516 hsa-miR-3180-3p hsa-miR-3180 hsa-miR-6724-5p  
SNRPD1 0.0191 0.2 3 hsa-miR-4516 hsa-miR-450a-1-3p hsa-miR-6807-5p 
SUMF2 0.0192 0.11 2 hsa-miR-6724-5p hsa-miR-450a-1-3p 
ZNF35 0.0214 0.116 2 hsa-miR-3614-5p hsa-miR-6807-5p    
SESTD1 0.0221 0.119 2 hsa-miR-3180-3p hsa-miR-3180    
THSD4 0.0221 0.119 2 hsa-miR-3180-3p hsa-miR-3180    
TIGAR 0.0221 0.119 2 hsa-miR-3614-5p hsa-miR-6807-5p    
MSANTD4 0.0225 0.213 3 hsa-miR-2115-3p hsa-miR-6807-5p hsa-miR-450a-1-3p   
ARMT1 0.0229 0.121 2 hsa-miR-3614-5p hsa-miR-1234-3p    
CMTM4 0.0229 0.121 2 hsa-miR-4516 hsa-miR-133a-3p    
ESCO2 0.0244 0.125 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
FUS 0.0244 0.125 2 hsa-miR-4516 hsa-miR-6807-5p    
MC2R 0.0244 0.125 2 hsa-miR-3614-5p hsa-miR-133a-3p    
TMEM251 0.0244 0.125 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
WIZ 0.0244 0.125 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
NUDT19 0.0252 0.127 2 hsa-miR-450a-1-3p hsa-miR-6724-5p    
PPP1R16B 0.0252 0.127 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    



TMPRSS12 0.0252 0.127 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
ZNRF3 0.0252 0.127 2 hsa-miR-376b-3p hsa-miR-3614-5p    
BICDL1 0.0285 0.135 2 hsa-miR-3180-3p hsa-miR-3180    
CACNG8 0.0284 0.233 3 hsa-miR-1234-3p hsa-miR-3614-5p hsa-miR-6807-5p   
CBX8 0.0293 0.138 2 hsa-miR-3180-3p hsa-miR-3180    
CD3D 0.0285 0.135 2 hsa-miR-450a-1-3p hsa-miR-6724-5p    
EHD2 0.0268 0.131 2 hsa-miR-450a-1-3p hsa-miR-2115-3p    
ESR2 0.026 0.129 2 hsa-miR-6807-5p hsa-miR-1234-3p    
PCDHA6 0.0285 0.135 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
RNF24 0.0268 0.131 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
RPL28 0.0268 0.131 2 hsa-miR-3180-3p hsa-miR-3180    
RUNX3 0.0293 0.138 2 hsa-miR-3180-3p hsa-miR-3180    
SYNGR1 0.0285 0.135 2 hsa-miR-3180-3p hsa-miR-3180    
TBRG1 0.0293 0.138 2 hsa-miR-3614-5p hsa-miR-6807-5p    
TPM3 0.0293 0.236 3 hsa-miR-133a-3p hsa-miR-3180-3p hsa-miR-3180 
WDR73 0.0285 0.135 2 hsa-miR-6807-5p hsa-miR-3614-5p 
WHAMM 0.0285 0.135 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
ZNF619 0.0293 0.138 2 hsa-miR-3614-5p hsa-miR-6807-5p    
C3orf36 0.0301 0.14 2 hsa-miR-3180-3p hsa-miR-3180    
ENTPD5 0.0301 0.14 2 hsa-miR-3180-3p hsa-miR-3180    
PIGR 0.0301 0.14 2 hsa-miR-450a-1-3p hsa-miR-133a-3p    
SLC10A7 0.0301 0.14 2 hsa-miR-3180-3p hsa-miR-3180    
ZNF500 0.0301 0.14 2 hsa-miR-6807-5p hsa-miR-3614-5p    
APOBEC3F 0.031 0.142 2 hsa-miR-3614-5p hsa-miR-450a-1-3p    
AQR 0.031 0.142 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
AHR 0.0345 0.15 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
ALDH9A1 0.0373 0.157 2 hsa-miR-3614-5p hsa-miR-4516    
ASB16 0.0356 0.254 3 hsa-miR-1234-3p hsa-miR-3180-3p hsa-miR-3180   
CCL22 0.0345 0.15 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
CENPN 0.0382 0.159 2 hsa-miR-2115-3p hsa-miR-6807-5p    



FAM118A 0.0373 0.157 2 hsa-miR-6807-5p hsa-miR-3614-5p    
ISPD 0.0382 0.159 2 hsa-miR-3614-5p hsa-miR-450a-1-3p    
LEPROT 0.0354 0.152 2 hsa-miR-376b-3p hsa-miR-6807-5p    
LY6G5B 0.0373 0.157 2 hsa-miR-450a-1-3p hsa-miR-1234-3p    
MINOS1 0.0382 0.159 2 hsa-miR-450a-1-3p hsa-miR-4516    
NDUFA7 0.0336 0.148 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
NUP205 0.0363 0.154 2 hsa-miR-6807-5p hsa-miR-3614-5p    
PAQR5 0.0319 0.144 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
PLCE1 0.0345 0.15 2 hsa-miR-6807-5p hsa-miR-3614-5p    
PTK6 0.0354 0.152 2 hsa-miR-3614-5p hsa-miR-6807-5p    
RAB4A 0.0336 0.148 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
REPIN1 0.0336 0.148 2 hsa-miR-3180-3p hsa-miR-3180    
RFT1 0.0354 0.152 2 hsa-miR-133a-3p hsa-miR-6807-5p    
RSBN1L 0.0382 0.159 2 hsa-miR-3180-3p hsa-miR-3180    
SBK1 0.0363 0.154 2 hsa-miR-3180-3p hsa-miR-3180 
SLC1A5 0.0326 0.245 3 hsa-miR-6807-5p hsa-miR-1234-3p hsa-miR-450a-1-3p 
SMTNL2 0.0319 0.144 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
TRAF6 0.0345 0.15 2 hsa-miR-4516 hsa-miR-6807-5p    
TTC9C 0.0327 0.146 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
TXK 0.0363 0.154 2 hsa-miR-6807-5p hsa-miR-1234-3p    
ULK2 0.0345 0.15 2 hsa-miR-6807-5p hsa-miR-3614-5p    
ZNF516 0.0382 0.159 2 hsa-miR-3180-3p hsa-miR-3180    
ZNF799 0.0336 0.148 2 hsa-miR-6807-5p hsa-miR-3614-5p    
ZNF844 0.0382 0.159 2 hsa-miR-3614-5p hsa-miR-376b-3p    
BAMBI 0.0391 0.161 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
CDKN1A 0.0411 0.35 4 hsa-miR-4516 hsa-miR-133a-3p hsa-miR-3180-3p hsa-miR-3180  
COX18 0.041 0.165 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
COX19 0.0401 0.163 2 hsa-miR-6807-5p hsa-miR-1234-3p    
ISY1 0.0391 0.161 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
MRI1 0.0401 0.163 2 hsa-miR-6807-5p hsa-miR-1234-3p    



PHACTR4 0.0391 0.161 2 hsa-miR-3180-3p hsa-miR-3180    
QPCTL 0.041 0.165 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
TACO1 0.0401 0.163 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
ZBTB7B 0.041 0.165 2 hsa-miR-3180-3p hsa-miR-3180    
ANGPT4 0.042 0.167 2 hsa-miR-450a-1-3p hsa-miR-133a-3p    
DNAJC10 0.0449 0.278 3 hsa-miR-4516 hsa-miR-6807-5p hsa-miR-450a-1-3p   
FBXW2 0.044 0.171 2 hsa-miR-450a-1-3p hsa-miR-6807-5p    
OLR1 0.044 0.171 2 hsa-miR-3180-3p hsa-miR-3180    
SLC35F5 0.044 0.171 2 hsa-miR-6807-5p hsa-miR-1234-3p    
SP2 0.043 0.169 2 hsa-miR-6724-5p hsa-miR-1234-3p    
TCF23 0.043 0.169 2 hsa-miR-6807-5p hsa-miR-450a-1-3p    
ZNF682 0.044 0.171 2 hsa-miR-6807-5p hsa-miR-1234-3p    
LINC00346 0.046 0.176 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
LRRC58 0.0461 0.281 3 hsa-miR-376b-3p hsa-miR-4516 hsa-miR-1234-3p   
ABHD18 0.048 0.18 2 hsa-miR-133a-3p hsa-miR-1234-3p 
AGAP9 0.048 0.18 2 hsa-miR-450a-1-3p hsa-miR-4516 
AHCYL2 0.049 0.182 2 hsa-miR-4516 hsa-miR-6807-5p    
LRIF1 0.049 0.182 2 hsa-miR-6807-5p hsa-miR-1234-3p    
PCGF3 0.047 0.178 2 hsa-miR-3180-3p hsa-miR-3180    
PDE3A 0.047 0.178 2 hsa-miR-2115-3p hsa-miR-450a-1-3p    
RFC2 0.048 0.18 2 hsa-miR-6807-5p hsa-miR-3614-5p    
SBF1 0.047 0.178 2 hsa-miR-3180-3p hsa-miR-3180    
SUSD1 0.049 0.182 2 hsa-miR-450a-1-3p hsa-miR-3614-5p    
ZFP69B 0.049 0.182 2 hsa-miR-6807-5p hsa-miR-376b-3p    

Analyses were performed using Mienturnet (DB: miRTarBase), and only statistically significant genes (p < 0.05) are presented. Gene symbols corresponding to hsa-miR-

4516 and hsa-miR-133a-3p, which were upregulated in both the high Hg and GHD groups, are indicated in bold. 



Table S8. Predicted target genes of differentially expressed miRNAs in the high heavy metal exposure group associated with growth plate regulation, focusing on key 

pathways of linear growth, including hypothalamic–pituitary–GH/IGF-1 axis signaling, chondrocyte proliferation, hypertrophy, and endochondral ossification. 

Toxicant group 

and gene 
Functional role 

Endochondral ossification/growth plate 

(mechanistic link) 

 Hypothalamic–pituitary–GH/IGF-1 axis 

(mechanistic link) 

High blood Pb  

RUNX3 Runt-domain transcription factor; controls 

cell-cycle and osteo-/chondrogenic 

differentiation 

TGF-β/BMP, NOTCH, WNT/β-catenin, 

p21/CDKN1A, YAP/TEAD, adherens 

junctions, thyroid hormone signaling 

 None established (indirect endocrine cross-talk 

via thyroid/retinoid signaling possible) 

MAPK8IP2 JNK/p38 scaffold; organizes stress-kinase 

modules 

JNK/p38 MAPK, stress-activated kinase 

cascades 

 None established 

SALL4 Zinc-finger transcription factor in embryonic 

patterning, stemness, limb-bud morphogenesis 

WNT/β-catenin, Hedgehog, TGF-β/Smad, 

PI3K–AKT (via PTEN repression) 

 Possible/indirect (GH deficiency reported in a 

subset of SALL4 disorders; mechanism unclear) 

RXRB Nuclear receptor co-regulator (retinoid/thyroid) Retinoic acid signaling, thyroid hormone 

signaling, nuclear receptor/PPAR pathways, 

PTH axis 

 Indirect via thyroid axis; no direct GH signaling 

GNAI2 G-protein α-subunit (Giα2); GPCR signal 

transduction 

GPCR–PI3K–AKT, cytoskeletal/adhesion 

signaling 

 Pituitary mechanism: Gαi2 mediates SSTR2/5 

(Gi/o) inhibition of cAMP–PKA, reducing GH 

secretion and counteracting GHRH (Gs–cAMP)–

driven GH release. 

H2AFX Histone variant; DNA damage signaling/repair DNA damage response/repair, cell-cycle 

checkpoints, WNT/β-catenin, NOTCH 

processing 

 None established 



THSD4 

(ADAMTSL6) 

Extracellular matrix glycoprotein promoting 

fibrillin-1 microfibrils; modulates TGF-β  

TGF-β signaling pathway; ECM-receptor 

interaction 

 None established 

High urinary As 

ALDH9A1 Aldehyde dehydrogenase; aldehyde 

detoxification; GABA/carnitine metabolism 

Mitochondrial metabolism, glycolysis, 

steroid biosynthesis, p53, IL-17/TNF/NF-κB 

signaling 

 None established 

KPNA6 Karyopherin-α6 nuclear import adaptor; shuttles 

transcription factors to nucleus 

Nuclear import, gene expression programs, 

cell-cycle regulation, developmental 

signaling 

 Putative GH-axis link: facilitates nuclear import of 

GH-responsive transcription factors (supports GH 

transcriptional responses) 

NF2 (Merlin) Cytoskeletal–membrane scaffold; tumor 

suppressor; mechano-transduction 

Hippo/YAP, PI3K–AKT, FAK, ERK/MAPK, 

EGFR 

 None established 

PTPN14 Non-receptor tyrosine phosphatase; binds YAP; 

adhesion/lymphangiogenesis 

Hippo/YAP, PI3K–AKT/mTOR, TGF-β, 

NF-κB, cytoskeleton/adhesion 

 None established 

High urinary Hg 

BCL9L Co-activator of β-catenin-TCF transcription; WNT 

signal amplification 

WNT/β-catenin, Hippo cross-talk, 

TCF-dependent transcription 

 None established 

STAT3 Cytokine/growth-factor–responsive transcription 

factor; survival/proliferation/apoptosis 

JAK–STAT, gp130/IL-6 family signaling, 

cytokine signaling, cell-cycle control 

 Direct/adjacent: participates in cytokine–JAK–

STAT networks intersecting GH signaling (GHR 

primarily STAT5 but STAT3 modulates GH biology 

and resistance) 



FOSL2 Transcription factor (Fra-2) forming part of the 

AP-1 complex; osteo-/chondrogenic transcription 

AP-1/TGF-β, osteoclast differentiation, 

non-canonical WNT, immune regulation 

 None established 

MC2R ACTH receptor (GPCR); cortisol synthesis ACTH–cAMP signaling, adrenal steroid 

biosynthesis 

 Indirect via HPA axis: ACTH–cortisol state 

modulates GH secretion/action 

ALDH9A1 Aldehyde dehydrogenase; aldehyde 

detoxification; GABA/carnitine metabolism 

Mitochondrial metabolism, glycolysis, 

steroid biosynthesis, p53, IL-17/TNF/NF-κB 

signaling 

 None established 

RFT1 ER membrane flippase for lipid-linked 

oligosaccharides, essential for N-glycosylation 

N-glycan biosynthesis; ER protein 

processing/quality control 

 Required for N-glycosylation and trafficking of 

key surface receptors such as GHR and IGF1R 

TRAF6 Adaptor/E3 ubiquitin ligase transmitting innate 

immune and RANK/RANKL signals to 

NF-κB/MAPK cascades 

TLR/IL-1/TNF signaling; RANK/RANKL 

(bone remodeling); NF-κB; MAPK 

(JNK/p38); MyD88 pathways 

 None established 

KPNA6 Karyopherin-α6 nuclear import adaptor; shuttles 

transcription factors to nucleus 

Nuclear import, gene expression programs, 

cell-cycle regulation, developmental 

signaling 

 Putative GH-axis link: facilitates nuclear import of 

GH-responsive transcription factors (supports GH 

transcriptional responses) 

Relevant pathways were identified using Enrichr (KEGG 2021 Human; Reactome 2024). 



Table S9. Reported growth-related phenotypes of predicted target genes regulated by differentially expressed miRNAs in the high heavy metal exposure group. 

Gene Phenotypes associated with growth 

Predicted target genes of DEmiRNAs in the high blood Pb group 

RUNX3 

Loss-of-function mutations lead to severe osteopenia, shortened bones, and impaired osteoblast proliferation [49], while gain-of-function 

possibly inhibited chondrocyte proliferation but accelerated differentiation [50]. RUNX3 is significantly associated with height in GWAS studies 

[51]. 

MAPK8IP2 

22q13 deletions including MAPK8IP2 cause short stature and failure to thrive in Phelan-McDermid syndrome [52]. MAPK8IP2 overexpression 

can enhance JNK/p38 signaling activation, which may induce premature chondrocyte differentiation and reduced proliferative zones, accelerating 

hypertrophic differentiation [53]. 

SALL4 

Heterozygous loss-of-function (LOF) variants underlie Duane-radial-ray / Okihiro syndrome, in which growth impairment is frequently observed 

[54]. Mouse models with Sall4 overexpression show mild long bone shortening [55]. Similarly, 20q13.2 duplications involving SALL4 are associated 

with skeletal anomalies and growth delay in pediatric cases [56]. SALL4 is significantly associated with height in GWAS studies [51]. 

RXRB 

Single-gene knockout (Rxrb-/-) mice show mild skeletal phenotype, while compound mutants of multiple RXR subtypes (Rxrb-/- plus Rxrg+/- 

or Rxrg-/-) demonstrate severe growth defects [57]. Excess Rxr activity, including Rxrb, accelerates growth plate closure and bone shortening 

[58].  

GNAI2 

Chondrocyte-specific Gnai2 knockout mice show disrupted growth plate architecture, reduced chondrocyte proliferation, delayed ossification, 

and shortened long bones [59]. Gnai2 gain-of function mice model2 exhibit reduced body length, shortened long bones and GH axis dysfunction 

[60]. GWAS consistently associates GNAI2 variants with adult height, implicating it in population-level height variation [61]. 

H2AFX 

H2afx loss in mice impairs tissue maintenance and growth under stress, resembling human DNA repair syndromes with short stature [62]. 

Overexpression of H2AFX in humans/mice has not been linked to linear growth. H2AFX variants (rs7759, rs7350) show genome-wide associations 

with height [51]. 

THSD4 

(ADAMTSL6) 

Heterozygous loss-of-function variants in THSD4 cause marfanoid features [63]. Thsd4 overexpression in transgenic mice shows excessive fibrillin-

1 assembly in cartilage [64] potentially impairing chondrocyte proliferation through TGF-β dysregulation—a hypothesis requiring experimental 

validation. THSD4 is significantly associated with height in GWAS studies [51]. 

Predicted target genes of DEmiRNAs in the high urine As group 

ALDH9A1 
Aldh9a1 knockout in combination with Fanca causes short stature and developmental defects in mice [35], likely due to aldehyde-induced 

DNA damage affecting growth plate cells [65]. 



KPNA6 

Kpna6 knockout mice display reduced skeletal growth indicating that loss of Kpna6 function impairs postnatal bone growth [37]. Given 

KPNA6’s role as an importin-α adaptor for classical nuclear import, disruption of KPNA6 is mechanistically expected to alter transcriptional 

programs in growth-plate cells [36]. KPNA6 is significantly associated with height in GWAS studies [51]. 

NF2 

Nf2 deletion in skeletal MSCs impairs Erk1/2 and PI3K/Akt signaling, leading to reduced proliferation, and cranial ossification defects [31]. NF2 

loss disrupts merlin-mediated signaling in growth plate cells, affecting bone growth [66]. NF2 is significantly associated with height in GWAS 

studies [67]. 

PTPN14 

Recessive LOF mutations in PTPN14 cause congenital lymphedema and short stature [68]. Affected humans and Ptpn14-deficient mice both 

show postnatal growth impairment [69]. Mechanistically, LOF disrupts Hippo pathway signaling and lymphatic function, affecting growth plate 

activity and tissue homeostasis [30]. PTPN14 is significantly associated with height in GWAS studies [70]. 

Predicted target genes of DEmiRNAs in the high urine Hg group  

BCL9L 
LOF in mice causes shortened long bones, delayed ossification, reduced trabecular bone mass; zebrafish knockdown disrupts craniofacial 

cartilage [32]. BCL9L is significantly associated with height in GWAS studies [51]. 

STAT3 

LOF in chondrocytes (mouse) causes short stature, growth plate dysfunction, abnormal bone growth [38]; human LOF (autosomal dominant 

hyper-IgE syndrome) causes skeletal fragility and may reduce growth [71]; GOF in humans causes early-onset short stature and GH resistance 

[30]; both LOF and GOF can impair endochondral bone growth directly or via inflammation. STAT3 is significantly associated with height in 

GWAS studies [51]. 

FOSL2 
LOF in mice leads to growth retardation, short bones, delayed ossification, reduced matrix, while GOF in mice show increased bone mass and 

bone formation [34]. FOSL2 is significantly associated with height in GWAS studies [70]. 

MC2R 
LOF variants cause familial glucocorticoid deficiency with secondary short stature, hypoglycemia, and immune impairment [73]. MC2R is 

significantly associated with height in GWAS studies [51]. 

ALDH9A1 
Aldh9a1 knockout in combination with Fanca causes short stature and developmental defects in mice [35], likely due to aldehyde-induced 

DNA damage affecting growth plate cells [65]. 

RFT1 
LOF variants cause congenital disorder of glycosylation (RFT1-CDG) with psychomotor delay, sensorineural deficits, seizures, and growth delay 

[74]; no GOF syndrome reported. RFT1 is significantly associated with height in GWAS studies [75]. 

TRAF6 
LOF variants in mice and human show osteopetrosis, shortened long bones, failed tooth eruption, high bone density; mechanism is defective 

osteoclast-mediated bone remodeling [33,76] 

KPNA6 

Kpna6 knockout mice display reduced skeletal growth indicating that loss of Kpna6 function impairs postnatal bone growth [37]. Given 

KPNA6’s role as an importin-α adaptor for classical nuclear import, disruption of KPNA6 is mechanistically expected to alter transcriptional 

programs in growth-plate cells [36]. KPNA6 is significantly associated with height in GWAS studies [51]. 
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