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In silfico Analysis of Downstream Target Genes of Transcription Factors
Sang-Joon Hwang'?, Sang-Young Chun?, Kyung-Ah Lee"*"
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ZSchool of Biological Sciences and Technology, Chonnam National University, Gwangju, Korea,
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Objective: In the previous study, we compiled the differentially expressed genes during early folliculogenesis.! Objective
of the present study was to identify downstream target genes of transcription factors (TFs) using bioinformatics for
selecting the target TFs among the gene lists for further functional analysis.

Materials & Methods: By using bioinformatics tools, constituent domains were identified from database searches using
Gene Ontology, MGI, and Entrez Gene. Downstream target proteins/genes of each TF were identified from database
searches using TF database (TRANSFAC® 6.0) and eukaryotic promoter database (EPD).

Results: DNA binding and trans-activation domains of all TFs listed previously were identified, and the list of downstream
target proteins/genes was obtained from searche of TF database and promoter database. Based on the known function
of identified downstream genes and the domains, 3 (HNF4, PPARg, and TBX2) out of 26 TFs were selected for further
functional analysis. The genes of weel-like protein kinase and p21WAF1 (cdk inhibitor) were identified as potential
downstream target genes of HNF4 and TBX2, respectively. PPARg, through protein-protein interaction with other protein
partners, acts as a transcription regulator of genes of EGFR, p21WAF1, cycD1, p53, and VEGF. Among the selected 3
TFs, further study is in progress for HNF4 and TBX2, since weel-like protein kinase and cdk inhibitor may involved in
regulating maturation promoting factor (MPF) activity during early folliculogenesis.

Conclusions: Approach used in the present study, in silico analysis of downstream target genes, was useful for
analyzing list of TFs obtained from high-throughput cDNA microarray study. To verify its binding and functions of the
selected TFs in early folliculogenesis, EMSA and further relevant characterizations are under investigation.
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Figure 1. Heat map of the transcription factors obta-
ined from previous DNA microarray analysis. The num-
bers 1, 2 and 3 indicate the primordial, primary, and
secondary follicles, respectively. Green color indicates
down-regulation of gene expression from primordial to
primary (numbers 1 and 2) or primary to secondary
(numbers 2 and 3) follicles. Red color indicates up-
regulation, and black color indicates no change in gene
expression.
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Figure 2. Flow chart of in silico analysis of downstream target genes of the transcription factors.
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Table 1. Constituent domains of the selected 3 TFs

TF MGI ID Protein Domains (InterPro ID)

HNF4 (HNF40, HNF4al, TCF4) MGI : 109128 Retinoid X receptor (IPR0O00003)
Vitamin D receptor (IPR000324)
NHR, ligand-binding (IPR000536)
NHR, DNA-binding (IPR001628)
STR (IPR001723)

PPARg MGI : 97747 NHR, ligand-binding (IPR000536)
NHR, DNA-binding (IPR001628)
STR (IPR001723)
PPAR (IPR003074)
PPAR, gamma (IPR003077)

TBX2 MGI : 98494 TF, T-box (IPR001699)
TF, Brachyury (IPR002070)

TF (transcription factor), NHR (nuclear hormone receptor), STR (steroid hormone receptor), PPAR (peroxisome
proliferator-activated receptor)

B ATHIA HOPR A A R4 Z, BAKE mARAAL] BR oJa AL A A AR
ub SRS B4 ol toll Fol S (HNF4, PPARg, TBX2)e] tHSjAuE 7 #49] 2
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Table 2. Downstream target genes of the selected 3 TFs

* Cis-acting downstream . + . +
TFs target genew Protein partner Trans-acting downstream target gene
HNF4  (Weel-like protein kinase) ~ N/ATT N/ATH
PPARg aqp7 RXR-o<>B-catenin<> (RXR-a—) EGFR / p21WAF1 / H1(0) / CYP7A

SMAD3<>HNF4

RXR-0>RAR-al/
RAR-yl<>cyclin Hop53

(RXR-o<>B-catenin>LEF-1—)CADI / cycD1
(RXR-a<>B-catenin>TCF-4E—)cycD1
(RXR-00>COUP-TF2—)HNF4a
(RXR-00>PPAR-y2<>p300—)cycD1
(RXR-00~RAR-0.1/RAR-beta/RAR-y—)H1(0) /
HOXA1

(RXR-0~T3R-a /T3R-B1/T3R-—)GH
(RXR-0>T3R- B1—)EGFR
(RXR-0.>TIF1<>ER-0—)p53/LH B /VEGF
(RXR-0.>VDR—)GH/p2 1 WAF1

TBX2  tp-1 (p21WAFI1) N/ATTT

N/AT

" Transcription Factors: HNF4 (hepatocyte nuclear factor 4), PPARg (peroxisome proliferator-activated receptor

gamma) TBX2 (T-box protein 2).
Protein Partners

RXR-alpha (retinoid X receptor alpha), SMAD3 (Similar to mothers against decapentaplegic 3), RAR-alphal/RAR-
gammal (retinoic acid receptor alphal/-gammal), p53 (tumor protein p53), LEF-1 (lymphocyte enhancer binding
factor 1), TCF-4E (= TCF7L2; transcription factor-7-like-2), COUP-TF2 (chicken ovalbumin upstream promoter
transcription factor 2), p300 (transcriptional co-activator p300), T3R-alpha/ T3R-betal/ T3R-beta (thyroid hormone
receptor-alpha/ betal/beta), TIF1 (transcriptional intermediary factor 1), ER-alpha (estrogen receptor alpha), VDR

(Vltamm D3 Receptor).
T Downstream target genes

aqp7 (aquaporin 7), trp-1 (tyrosinase-related protein 1), p21 WAF1 (cdk inhibitor p21), EGFR (epidermal growth factor
receptor), H1 (0) (histone 1 zero), CYP7A (cholesterol 7alpha-hydroxylase), CAD1 (E-cadherin), cycD1 (cyclin D1),
HOXAI1 (homeobox gene 1), GH (growth hormone), LHbeta (luteinizing hormone beta), VEGF (vascular endothelial

growth factor).
T N/A: Not applicable
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