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The upregulation mechanism of OCT4 signaling by ID1
in colorectal cancer
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Abstract: Inhibitor of DNA binding 1 (ID1) has an aberrantly high expression in multiple cancer tissues,
including colon cancer, lung cancer, breast cancer, and so on, which is closely related to cancer aggressiveness and
poor clinical outcomes in cancer patients. It has been reported that ID1 maintains colorectal cancer cells (CRCs)
stemness traits and contributes to the CRC drug resistance. While, the biological molecular mechanisms have not
been fully elucidated. In this research, we found that ID1 upregulates octamer binding transcription factor (OCT4)
protein level as well as OCT4 signaling pathway via Western blot, gene set enrichment analysis (GSEA), dual-lucif-
erase reporter assay, and real-time PCR. Through the in vitro sphere formation assay, we found that overexpression
of OCT4 reverses the inhibitory effect of knocking down /DI on CRC sphere formation ability. With the help of
JASPAR and GEPIA database, we predicted a novel transcriptional repressor—forkhead box D3 (FOXD3) of
OCT4. Finally, by using co-immunoprecipitation (Co-IP), confocal and real-time PCR, we demonstrated that ID1
interacts with FOXD3 to inhibit its transcriptional repression activity and therefore to upregulate OCT4 transcrip-

Wk H3A: 2021-01-28;  1&[H H 3A: 2021-03-10.

HETH: [HR AREARE SR BITIH (81973344, 81903636).
*E T Tel: 86-10-83165034, E-mail: huafang@imm.ac.cn
DOI: 10.16438/7.0513-4870.2021-0160



- 1946 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(7): 1945 —1952

tion and OCT4 signaling pathway. In conclusion, this study provides a new theoretical basis for the regulation

mechanism of colon cancer stem cells, and the newly found protein-protein interaction of ID1-FOXD3 provides a

potential drug target for the therapy of CRC.

Key words: inhibitor of DNA binding 1; forkhead box D3; octamer binding transcription factor; colorectal

cancer stem cell; transcriptional activity
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Inhibitor of DNA binding 1 (ID1) upregulates the expression of four stemness sustaining transcriptional factors. A: Immunoblot

analyses of Nanog homeobox (Nanog), MYC proto-oncogene (c-Myc), SRY-box transcription factor 2 (SOX2), octamer binding transcrip-

tion factor (OCT4), and ID1 expression in HCT-8 cells stably expressing control (Ctrl) or two /DI-knockdown shRNAs; B: Statistical

analyses of the protein levels detected in A; C: Immunoblot analyses of Nanog, c-Myc, SOX2, OCT4, and ID1 expression in Ctrl or
IDI-overexpressed HCT-8 cells; D: Statistical analyses of the protein levels detected in C. n = 3, mean = SEM. P < 0.05, P < 0.01,

P <0.001, """ P<0.000 1
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Figure 2 /D] maintains colorectal tumor cells stemness traits through upregulating OCT4 signaling pathway. A: 390 human colorectal tumor
tissue samples in the GSE41258 dataset were divided into 3 groups according to the mRNA level of /D/; B-E: Gene set enrichment analysis
plot for the OCT4, c-Myc, Nanog, and SOX2 signaling gene modules in ID1-high and ID1-low groups identified in A; F: Phase contrast
images and quantification of tumor spheres derived from HCT-8 cells with the indicated gene manipulation; G, H: Relative OCT-4-reporter

luciferase activity in HCT-8 cells and HT-29 cells of Ctrl or /D1 overexpression groups; I, J: Relative OCT-4-reporter luciferase activity in

ok Ak

HCT-8 cells and HT-29 cells of Ctrl or /DI knockdown groups. n = 3, mean + SEM. 'P<0.05,"P<0.01,"P<0.001, P <0.000 1
Table 1 Correlation analysis of OCT4 mRNA level and predictive OCT4 transcription factors in colon cancer
Name P R Name P R Name P R

Foxkl 1.7e-07 0.29 HIC2 0.035 0.12 Bachl Mafk 0.89 -0.007 8
BHLHF41 0.86 -0.01 ZNF263 5.2e-06 0.25 RELA 0.004 3 0.16
ID2 0.093 -0.095 ETV3 0.24 0.067 TFAP2B 0.42 -0.045
BHLHE40 0.028 0.12 TEAD4 0.22 0.069 RREBI1 0.14 0.083
Foxd3 0.000 61 -0.22 ZBTB7A 0.2 0.073 SNAI2 0.014 -0.14
MLXIPL 3.2e-19 0.48 POU4F2 0.3 -0.058 TFAP2A (var.2) 0.74 -0.019
FOXP1 0.18 -0.075 GLIS2 0.78 0.016 TFEC 0.23 -0.068
Nkx3-1 0.053 -0.11 YYI 0.42 0.045 Nr2el 0.38 -0.049
HMBOX1 0.77 0.016 SP1 0.58 0.031 REL 0.12 0.088
MSX2 0.67 -0.024 Klfl 0.12 0.089 BHLHE23 0.71 -0.021
TGIF2 3.2e-05 0.23 Mecom 0.32 0.057 NFKB2 0.11 0.089
MSX1 7.8e-05 0.22 GLI2 0.44 —0.044 NFIL3 0.69 0.022
Hes2 0.74 0.019

B SR WO IS 5 T i 2698 FOXD 3 W B4R OC T4 s 5% 5 ID1iEiE 5 FOXD3 tHHE{E R INFI B F T ThEe

EIEME (K 4F.G). iR R F, FOXD3 i i # Bi# OCT4FRIE
OCT4 #5535, FAR OCTANE N G S IR TG s s v v NI FOXD3 42 5 /2 /1 F ID1 X OCT4 #5545
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Figure 3 IDI increases OCT4 expression via upregulating its transcriptional level. A: mRNA correlation of OCT4 and ID1 in colorectal

cancer analyzed by the web of GEPIA; B, C: Effects of /DI knockdown on mRNA level of OCT4 in HCT-8 (B) or HT-29 (C) cells; D, E:
Effects of /D1 overexpression on mRNA level of OCT4 in HCT-8 (D) or HT-29 (E) cells; F: Effects of ID1 overexpression on OCT4 protein
stability in HEK 293 cells. n = 3, mean = SEM. “P < 0.01, ™" P < 0.001
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Figure 4 FOXD3 inhibits OCT4 signaling via inhibiting its transcription. A: mRNA correlation of FOXD3 and OCT4 in colorectal cancer
analyzed by the web of GEPIA; B, C: Effects of FOXD3 knockdown (B) or overexpression (C) on OCT4 mRNA level in HCT-8 cells; D, E:
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Figure 5 1ID1 interacts with FOXD3 to promote OCT4 transcriptional level. A: Effects of /D1 knockdown or overexpression on protein level

of FOXD3 in HCT-8 cells; B: 293 cells were transfected with plasmids of FOXD3-DDK and ID1-GFP. Cell extracts were immuno-precipi-
tated with anti-DDK antibody or normal mouse IgG and blotted with anti GFP antibody; C: Immunofluorescence staining of ID1 and

FOXD3 in primary colorectal cancer cells. Scale bar = 15 um; D, E: Effects of /D1 overexpression (D) or knockdown (E) on FOXD3-reporter
luciferase activity in HCT-8 cells; F, G: Relative mRNA level of OCT4 in HCT-8 cells of indicated groups; H, I: Relative OCT4-reporter
luciferase activity in HCT-8 cells of indicated groups. n = 3, mean + SEM. ""P < 0.001, """ P < 0.000 1
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