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Introduction
Transcription factor IIIA (TFIIIA) is a eukaryotic tran-

scription factor that was purified and extracted from Xeno-
pus laevis oocytes, it is widely expressed in various tissues 
and organs. Subsequently, some reseaches isolated a new 
cDNA (GTF3A) from the human genome, located it on chro-
mosome band 13q12.3→q13.1, and found that it is highly 
homologous to Xenopus transcription factor IIIA (GTF3A). It 
is believed that this human cDNA shares the same structure 
and function as Xenopus derived GTF3A [2]. Later, it was dis-
covered that TFIIIA homologous sequences exist in various 
organisms, such as yeast, Arabidopsis, spotted catfish, and 
mice. The primary protein sequence of this transcription 
factor is generally poorly conserved, but all known TFIIIA 
proteins have a similar structure with C-terminal domain, 
the C-terminal domain is consist of nine consecutive Cys2-
His2 zinc finger domains [3]. In the process of human evolu-
tion, human TFIIIA retains the common conserved tran-

scriptional activation signal (TAS), nuclear localization sig-
nal (NSL), and nuclear output signal (NES), but loses the ini-
tial Met and accompanying conserved residues in the N-ter-
minal region [4]. Although the conservation of the original 
protein sequence is poor during the evolution of eukaryotes, 
TFIIIA has a large number of zinc finger domains and ex-
tended DNA recognition sequences, making it highly affinity 
and specific for binding to DNA and RNA [5]. According to 
further research reports, TFIIIA is identified as one of the 
RNApolIII specific transcription factors that are responsible 
for the transcription of the 5SrRNA gene [6,7]. This article 
systematically introduces the molecular structure and func-
tion of TFIIIA, elucidates the synergistic effect and mecha-
nism between TFIIIA and homologous transcription factors 
TFIIIB/TFIIIC, explores the relationship between TFIIIA-me-
diated signaling network and tumor occurrence and devel-
opment, and explores its feasibility as a cancer treatment 
target from the perspective of transcription factors.
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Structure and Function of TFIIIA
TFIIIA, as a classic zinc finger protein, has nine repeated 

zinc finger domains. The N-terminus of the zinc finger struc-
ture is a region composed of approximately 280 amino acids, 
which binds to DNA/RNA but does not encode transcription 
and is considered a binding domain. The C-terminus of the 
zinc finger structure is a region of approximately 65 amino 
acids, it is important for activating gene transcription. The C-
terminus is considered a transcription factor activation do-
main [8,9]. The specific binding of TFIIIA to the imprinting 
control region (ICR) sequence of the 5SrRNA gene depends 
on the zinc finger structure. The N-terminal zinc finger 
(Zf)1-3 is a key structural domain for specific binding to the 
C-box of the ICR of the 5SrRNA. Among them, Zf3 has the 
ability to specifically recognize 5SrDNA [10]; Zf7-9 binds to 
the A-box of ICR, Zf5 binds to the intermediate element, 
while Zf4 and 6 bind to small grooves that run through the 
A-box, intermediate element, and C-box regions, respec-
tively. TFIIIA binds to 5SrRNA, requiring a zinc finger struc-
ture Zf 4-7 [11-14]. Obviously, due to the presence of the 
TFIIIA zinc finger domain, it can specifically bind to 5SrDNA 
and has a high affinity for 5SrRNA. After binding to 5SrRNA, 
TFIIIA forms a 7SRNP complex, which can cross the nuclear 
membrane and transport 5SrRNA from the nucleolus to the 
cytoplasm for storage in preparation for ribosome assembly, 
thus forming a TFIIIA mediated 5SrRNA nucleolar cytoplas-
mic transport [15].

TFIIIA in all organisms is encoded by a single gene, and it 
has a unique basic function of driving 5SrRNA gene expres-
sion. TFIIIA binds to the ICR region (nucleotides +43 to +96) 
of 5S rRNA gene to initiate transcription, which is the first 
step in the assembly of transcription complexes (TFIIIA, TFI-
IIC, TFIIIB, and RNApolIII). TFIIIC then binds to TFIIIA and 
TFIIIB and stabilize them, and finally TFIIIB completes the 
assembly of the transcription initiation complex. The entire 
process is indispensable [15-17]. TFIIIA is abundant in am-
phibian oocytes and highly expressed during the reproduc-
tive stage of plants, promoting the accumulation of 5SrRNA 
and facilitating ribosome biogenesis to meet developmental 
needs. However, TFIIIA in somatic cells remains at a low 
level, indicating that TFIIIA is tightly regulated to maintain a 
balance in differentiated somatic cells [16,18,19]. TFIIIA 
combines the dual functions of 5S rDNA and 5S rRNA, indi-
cating the existence of a negative feedback self-regulation 
model for 5S rRNA transcription [20]. Some studies re-
ported expression regulation of TFIIIA, such as TFIIIA is 
maintained in plants through transcriptional level regula-
tion, TFIIIA protein alternative splicing, and NMD degrada-
tion pathway [19]. The transcriptional availability of TFIIIA 
in Xenopus laevis oocytes is limited by the accumulation of 
nuclear RPL5, a nucleic acid protein interaction network in-
volving 5SrDNA, 5SrRNA, TFIIIA, and riboprotein L5, which 
contributes to the steady-state control of ribosome assembly 
[4]. In this transcription process that are influenced by mul-
tiple factors, the ultimate destination is ribosome biogene-
sis, and coordinated ribosome biogenesis is a key factor in 
cell biology. The synthesis of ribosomal RNA (via RNApolI 

and RNApolIII) and proteins (via RNApolII) requires high 
regulation [21].

Homologous Transcription Factor TFIIIB/
TFIIIC of TFIIIA

TFIIIB/TFIIIC are specific transcription factors of 
RNApolIII homologous to TFIIIA, they play an important role 
in the occurrence and development of various tumors. TFI-
IIB is a complex composed of three subunits, TATA binding 
protein (TBP), Brf1 TFIIB related factor 1 (Brf1), and Bdp1, 
it is responsible for recruiting RNApolIII and activating the 
RNApolIII pre-activation complex that regulates the tran-
scription process of RNApolIII. Its promoting effect on 
RNApolIII transcription further mediates cell transforma-
tion and tumorigenesis, which make it a target for many can-
cer regulatory proteins. It has been reported in both colon 
cancer and liver cancer that the oncogenic signaling path-
way JNK mediates upregulation of TBP expression, and over-
expression of TBP induces cell proliferation and contributes 
to cell transformation. For TBP regulating targets, some 
studies have found that overexpression of TBP can induce 
transcription of VEGFA and promote cell migration and tu-
mor angiogenesis, thereby promoting tumor development 
[22-24]. Brf1 is considered as a new biomarker for live can-
cer and breast cancer. Stimulated by alcohol in liver cancer 
and breast cancer, alcohol can induce the activation of c-jun 
and ER α targets, significantly increase the expression of 
Brf1, and thus induce the increase of RNApolIII transcription 
level, which plays a crucial role in cell transformation and 
tumorigenesis [25-27]. The active ingredient Bdp1 is in-
volved in the recruitment of RNApol III and the opening of 
DNA promoters, playing a crucial role in the transcriptional 
initiation process of RNApol III [28,29]. In summary, TFIIIB 
is a key component regulating RNApolIII transcription and 
plays an important role in cell transformation and tumorige-
nesis.

TFIIIC is a conserved six subunit protein complex com-
posed of sub complexes (τ A and τ B). TFIIIC has unique 
crystal structure, its molecular structure was determined by 
chemical cross-linking mass spectrometry. It was found that 
there is a self interaction between τ 131 of the τ A and τ 138 
of the τ B subunits, and their central regions overlap with 
the binding site of TFIIIB. This can affect the formation of 
RNApolIII pre-triggered complexes through both self inter-
action and interaction with TFIIIB, providing an important 
platform for tRNA transcriptional regulation [30]. In addi-
tion, TFIIIC also contains a special TOR signaling motif that 
can be associated with mTOR and TFIIIC being recruited 
into RNApolIII transcribed genes. mTOR kinase is located in 
tRNA and 5S rRNA genes, providing opportunities for direct 
regulation. Therefore, the process of RNA polIII synthesis of 
tRNA and 5S rRNA is to some extent regulated by the mTOR 
pathway [31,32]. However, compared to TFIIIB, TFIIIC has 
weaker binding to tRNA genes and has a relatively limited 
impact on RNApolIII transcription levels.
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Network Mediated by TFIIIA Transcript 
5SrRNA

5SrRNA is a product of TFIIIA specific transcription. 5Sr-
RNA, as the smallest RNA component in the large ribosome 
subunit, is located at the junction between the large ribo-
some subunit (60S in eukaryotes) and the small ribosome 
subunit (40S in eukaryotes), and is part of the central pro-
trusion. Its secondary structure consists of five spirals, four 
rings, and a hinge folded into a "Y-shaped" structure. 5Sr-
RNA is essential for the normal translation of most ribo-
somes. Although its exact function in ribosomes is not yet 
clear, 5SrRNA is believed to play a critical role in protein 
RNA and RNA-RNA interactions within the ribosome. Ribo-
somal biogenesis is considered a key driving factor in tu-
morigenesis, and its dysregulation can further affect cancer 
progression [33-35]. In terms of protein RNA interactions, It 
is verified that the 5SRNP complex that is composed of 
RPL5, RPL11, and 5SrRNA, is the central regulator of tumor 
suppressor gene p53 homeostasis. In short, in the MDM2 
(murine double minute 2)-p53 regulatory pathway, 5SRNP 
inactivates MDM2 by binding to it, blocking MDM2-mediated 
p53 ubiquitination and releasing and activating P53, which 
plays an important regulatory role in tumor suppression 
[36-38]. 5SRNP complex is considered an ideal target for 
cancer and ribosomal disease treatment. The three major 
components that make up the 5SRNP complex all play im-
portant roles, but the effect of 5SrRNA is relatively limited 
compared to RPL5/RPL11 [38,39]. This is because cytoplas-
mic nucleolar transport function of 5SrRNA mediated by 
TFIIIA provides sufficient 5SrRNA storage pools for the as-
sembly of 5SRNP. Therefore, the newly synthesized 5SrRNA 
from TFIIIA has limited and delayed impact on this process 
[40].

The Role of Transcription Factors in 
Biological Development and 
Carcinogenesis

During normal embryonic development, stem cells dif-
ferentiate into characteristic cell types, and the acquisition 
of these characteristics depends on the pre-existing mor-
phological gradient of genes and activation of TFs. During 
the occurrence and development of tumors, the transforma-
tion of cells requires a change in cellular identity. Functional 
differentiated cells lose the characteristics obtained from 
differentiation, and acquire progenitor cell characteristics 
during dedifferentiation [41]. The molecular mechanisms of 
the cells during normal embryonic development are rela-
tively conserved and in a dynamic equilibrium. However, 
when tumors disrupt this equilibrium, previously sup-
pressed genes are reactivated, and the continuous accumu-
lation of gene mutations leads to uncontrolled cell prolifera-
tion and misidentification of cell identity. Both in normal de-
velopment and cancer transformation, Epithelial-mesenchy-
mal transition (EMT), progenitor cell proliferation, and cell 

migration are shared biological processes, but the different 
coordination of these events leads to different developmen-
tal outcomes for cells. During development, EMT is involved 
in neural crest development, progenitor cell proliferation is 
related to stem cell maturation and fertilization, and the for-
mation of fertilized eggs and the migration of blastocysts to 
the uterine wall are related to cell migration. During the de-
velopment of tumors, EMT is involved in tumor metastasis, 
self-renewal, and immune escape. And EMT even affects the 
proliferation of progenitor cells, while the migration of can-
cer cells from organs/blood vessels to surrounding tissues 
involves cell migration [42]. TFs regulate transcription in al-
most every process of an organism. On the one hand, they 
regulate a wide range of biological processes to maintain 
homeostasis, and on the other hand, their dysregulation is 
the core that affects the occurrence and development of var-
ious cancers.

TFs account for nearly 20% of discovered oncogenes, 
such as the high mobility group protein (HMG) family, which 
can regulate the transcription of oncogenes and metastasis 
related genes such as c-FOS, BCL3, N-cadherin, JunB, and c-
Jun [43]. There are also some TFs associated with EMT, such 
as snail, slug, Twist, and FoxD3 [44, 45]. Transcriptional reg-
ulation is often convergence point of oncogenic signals, and 
abnormal gene expression is a major characteristic that 
leads to the occurrence and development of tumors, search-
ing transcription targeted drugs to correct transcriptional 
abnormalities is an important means of tumor treatment 
[46]. A better understanding to the precise functions (ex-
pression, degradation pathways, and protein/protein inter-
actions) and dynamic binding modes of transcription factors 
provides new possibilities for transcription factors as tar-
gets for cancer treatment.

Clinical Application of Targeting 
Transcription Factors in Various Cancers

In various tumors, the direct mechanisms that alter TF 
activity include chromosomal translocation, gene amplifica-
tion or deletion, point mutations, and changes in expression 
levels, while indirect mechanisms include non coding DNA 
mutations that affect TF binding [47]. TFs often bind to DNA 
to regulate gene transcription. The interactions between TFs 
and DNA binding sites are complex and diverse, playing an 
important role in gene regulatory networks [48]. Next, we 
introduce several classic pathways for targeting TFs in vari-
ous types of cancer.

Targeted TFs at expression levels
The TFs, like other proteins, are regulated by transcrip-

tional activators or repressors in their expression. In the 
context of leukemia, the HOXA TF cluster is abnormally ex-
pressed under the regulation of MLL (mixed lineage 
leukemia, MLL) complex, and this TF expression regulatory 
mechanism has significant application effects in leukemia 
therapy [49]. In clinical practice, various protein partners 
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