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Transcriptomics and cell experiments reveal regulatory effect of
jatrorrhizine on SAT1-mediated ferroptosis in colorectal cancer cell
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Abstract This study investigates the inducing effects of jatrorrhizine ( JAT) a bioactive compound exiracted from Coptidis
Rhizoma on the p53-mediated ferroptosis in human colorectal cancer ( CRC) cell lines HT29 and HCT116 specifically through the
modulation of spermidine/spermine N1-acetyliransferase 1 ( SAT1) . Cell viability was assessed via the cell counting kit-8 ( CCK-8)
assay while the colony formation assay was employed to determine the proliferative capacity. Cell cycle distribution was analyzed by
flow cytometry and mitochondrial membrane potential was evaluated via JC- dye. High-throughput RNA sequencing ( RNA-seq) was
performed to analyze transcriptomic changes in JAT-reated HT29 and HCT116 cells. Lentiviral transduction was utilized to generate

SAT1-overexpressing HCT116 and HT29 cell lines with transfection efficiency confirmed by qPCR. The levels of intracellular Fe**
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reactive oxygen species ( ROS) malondialdehyde ( MDA) and glutathione ( GSH) were quantified via specific commercial assay kits.
The protein and mRNA levels of key ferroptosis—related markers: solute carrier family 7 member 11 ( SLC7A11)  glutathione
peroxidase 4 ( GPX4) acyl-CoA synthetase long-chain family member 4 ( ACSI4)  tumor protein p53 and SATI were determined by
Western blot and qPCR respectively. The results demonstrated that JAT treatment significantly inhibited both cell viability and
proliferation induced cell cycle arrest and reduced mitochondrial membrane potential in HCT116 and HT29 cells. RNA-seq results
revealed that the KEGG pathways most significantly enriched in JAT-reated cells were protein digestion and absorption arginine and
proline metabolism glycine serine and threonine metabolism and ferroptosis. Notably the mRNA level of SATI in the arginine
metabolism pathway was significantly upregulated following JAT treatment. Furthermore JAT treatment increased the levels of Fe*
ROS and MDA while markedly decreasing GSH content in a dose-dependent manner. In addition the treatment downregulated the
protein levels of the ferroptosis inhibitors SLC7A11 and GPX4 and upregulated the expression of the proferroptotic proteins ACSL4
SAT1 and p53. SAT1 overexpression inhibited cell proliferation and activated the p53-mediated ferroptosis signaling pathway. The
combination of SAT1 overexpression and JAT treatment ( oveSATI+JAT group) exhibited a synergistic effect showing superior efficacy
over SAT1 overexpression alone ( oveSATI1 group) . In conclusion JAT activates the p53-dependent ferroptosis signaling pathway by
upregulating the key metabolic enzyme SAT1 which is involved in proline metabolism thereby inhibiting colorectal cancer cell
proliferation.
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Table 2 Effect of jatrorrhizine on the viability of HT29 and 0 p,rnOl‘L_l JAT 100 |.1,m01'L_1 JAT /
HCT116 cells (x+s n=3) JAT
/pmol+L™"  HCT116 /%  HT29 1% HCT116  HT29 .
0 100. 00£2. 55 99.94x1. 45
10 98.17+8.45 95.54x1.45 ROS
20 91.78+6.27 90.91+9. 38 2. 4
40 80. 39:8. 35" 81.7226. 36" 3.4 100 pmol «L™" JAT
80 67. 41£6. 367 65.22+7.377 HCT116  HT29 o
160 33.24+8. 347 26.31+9. 367 llog, fold changel>1  P<0.05
: 0 pmol+L™! ) P<0.05 ? P<0.01 ¥ P<0.001 JAT HCT116 3091 ;
( 3~6 ) JAT HT29 3392 o
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Table 3 Effect of 100 wmol*L™" jatrorrhizine on the cell cycles of HCT116 and HT29 cells ( #+s n=3)
1%

/ pmol * L

G, S G,
HCT116 0 50.3526. 45 26.13%8.43 19. 4627. 34
100 58.20=+5. 36" 17.94£10. 34" 16. 65+86. 47
HT29 0 50.7310. 12 25.27+9.76 16. 46x7. 24
100 61.47+9. 54" 17.37+6. 46" 15.33+8. 11
2 HCT116.HT29 (Jc4 x40)

Fig.2 Comparison of mitochondrial membrane potential in HCT116 and HT29 cells in different groups( JC-l staining x40)
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Fig.3 KEGG analysis of the transcriptomes of HCT116 and HT29 cells treated with jatrorrhizine
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HT29 Fe’ \ROS\MDA.GSH
ROS MDA and GSH and ferroptosis related protein expression in HCT116 and HT29 cells treated with ja—

5 HCT116
Table 5

(x+s n=3)
Levels of Fe**

trorrhizine ( x+s n=23)

/ Fe?*/ MDA / GSH/ ROS/ SLC7A11/ GPX4/ ACSLA4/
pmol + ™! nmol *mg ™! nmol *mg ™! nmol *mg ! nmol *mg ! B-actin B-actin B-actin
HCT116 0 0.58 =0.12 5.10£1.14  1.94%0.20 87.226. 53 1. 3420. 065 1.2120. 056 0. 96=0. 045
50 0.95+0. 122 15.56+1.05%?  1.25+0.13" 156.31£13.43?  1.01£0.0772  0.66+0.062°  1.24:0. 034
100 1.75+0.13%  20.65+2.03¥  0.98+0.08% 211%13.197  0.67+0.012%  0.45+0.055Y  1.40+0. 076"
HT29 0 0.3320. 04 4.15£1.09  1.99+0.36  66.46%5.26 1. 78+0. 020 1.15+0.017 0. 96+0. 044
50 0.76+0. 107  14.33+1.067  1.35+0.26" 146+11. 647 1.43+0.0617  0.84+0.0767  1.21+0. 043
100 1.53£0. 167 20.01£2.12¥  1.02+0. 647 200+15.01%  0.97+0.034Y  0.5420.085Y  1.55+0.054%
5 HCT116.HT29 SAT1.P53
Fig.5 Bands of SAT1 and P53 expression in HCT116 and
HT29 cells in different groups
oveSAT1+JAT. SAT1+100 pmol+L™! ( 8~11. 7 ).
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(xxs n=3) n=3)

Table 6 Protein levels of SAT1 and P53 in HCT116 and HT29

cells in different groups (x+s n=3)

/

SAT1/GAPDH P53/GAPDH
wmol «L™!

HCT116 0 0.35+0. 04 0.330. 05
50 0. 87x0. 08" 0.61+0.07"
100 1.24+0.03% 1.210.03%

HT29 0 0. 42+0. 06 0.320. 08
50 0. 76+0. 07" 0. 87+0. 07"
100 1. 14+0. 03% 1.23£0.09%

7 real4ime qPCR
Table 7 Real+time qPCR validation of construction efficiency of

(xxs n=3)

stable transgenic strain( x+s n=3)

SAT1
HCT116 oveNC 1. 0020. 06
oveSATI 2.96+0. 09"
HT29 oveNC 1. 00£0. 04
oveSATI 3.15+0.07"
s oveNC. ; oveSATI. SATI1
( 6.7 8~11 )., oveNC ) P<0.01,
8 HCT116.HT29 (xts n=3)

Fig.6  Comparison of colony formation ability of HCT116 and
HT29 cells in different groups ( x+s n=3)

Table 8 Comparison of viability of HCT116 and HT29 cells in

different groups (x+s n=3)

1%
HCT116 oveNC 100. 006. 40
oveSATI 70.53+6. 447
oveSAT1+JAT 53.76+9. 399
HT29 oveNC 100. 00+4. 24
oveSATI 65.32+5. 65%
oveSAT1+JAT 51. 548,259
oveNC D P<0.05 2 P<0.01 ¥ P<0.001;  oveSATI
Y P<0.05 ¥ P<0.01 ® P<0.001( 9~11 ),
SLC7A11.GPX4 mRNA ACSIA4.
P53 mRNA ; oveSAT1+JAT
o SAT1 mRNA
P53 JAT
9~11. 7.
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9 SATI1 SATI1 JAT HCT116 HT29 Fe** \ROS.MDA.GSH (xxs n=3)
Table 9  Effects of SAT1 overexpression and subsequent JAT treatment on Fe** ROS MDA and GSH levels in HCT116 and HT29
cells (x£s n=3) nmol*mg™’
Fe?* MDA GSH ROS
HCT116 oveNC 0. 60+0. 13 5.02+1.01 1.74+0.17 78.22+7.16
oveSATI 1. 43£0. 10? 16. 86+1. 022 1. 15+0. 06" 159. 52+12. 647
oveSAT1+JAT 1.950. 149 23.57+2.29% 0.56+0. 04" 235.12+15. 509
HT29 oveNC 0.43+0. 04 4.10£1. 10 1. 89+0. 74 59.26+10. 66
oveSATI1 0.97+0. 115? 16.73+1.24% 1. 16+0. 26" 146. 00+14. 84Y
oveSATI+JAT 1.73+0. 16 23.01+2. 647 0.75+0. 649 247.00+16. 86°
10 HCT116.HT29 SLC7A11.GPX4.ACSL4.SAT1.P53 mRNA (xxs n=3)
Table 10 mRNA relative expression levels of SLC7A11 GPX4 ACSI4 SAT1 and P53 in HCT116 and HT29 cells in different
groups ( X+s n=23)
SLC7ALL GPX4 ACSLA SATI P53
HCT116 oveNC 1. 00+0. 05 1. 00+0. 03 1. 00+0. 06 1. 00+0. 06 1. 00+0. 02
oveSATI 0. 46+0. 08" 0. 54+0. 05" 1.98+0. 032 2.28+0. 03? 2.54+0. 04%
oveSATI+JAT 0.23+0. 05% 0.31+0.01% 2. 88+0. 05% 3. 65+0. 04% 3.05+0. 08%
HT29 oveNC 1. 000. 05 1. 000. 02 1. 000. 06 1. 00£0. 02 1. 000. 03
oveSATI 0. 62+0. 09" 0. 66+0. 08" 2.41+0. 06” 2.80+0. 047 2.25+0. 042
oveSAT1+JAT 0.22+0. 05 0.23+0. 07 3.180.03% 3.15+0. 03 3.17+0. 06"
11 HCT116.HT29 SLC7A11.GPX4.ACSL4.SAT1.P53 (xxs n=3)
Table 11  Protein expression levels of SLC7A11 GPX4 ACSL4 SAT1 and P53 in HCT116 and HT29 cells in different groups
(x+s n=3)
SLC7A11/B-actin GPX4/B-actin ACSIA/B-actin SAT1/GAPDH P53/GAPDH
HCT116 oveNC 1. 65+0. 03 1.77+0. 03 1.25+0. 04 0.61+0. 07 0.75+0. 06
oveSATI 1. 040. 04? 1.24+0. 05" 1.41+0. 05" 0. 98+0. 08" 1.44+0.07%
oveSATI+JAT 0. 64+0. 04°) 0. 65+0. 08 1. 69+0. 054 1. 38+0. 09% 1. 68+0. 059
HT29 oveNC 1. 48+0. 05 1. 55+0. 07 1. 05+0. 06 0.70=+0. 05 0.92+0. 06
oveSATI 1. 08+0. 07" 1. 10+0. 049 1. 42+0. 06" 1. 01+0. 07" 1. 43+0. 06"
oveSATI+JAT 0. 76+0. 06% 0. 62+0. 03% 1.65+0. 039 1.47+0. 079 1. 69+0. 05%
4
8
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Fig.7  Electrophoresis bands of SLC7A11 GPX4 ACSL4
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