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Abbreviations
Brf1: TF IIB-related factor 1; Pol III genes: RNA polymerase 

III-dependent genes; TFIIIB: Transcription Factor III B 
complex; DEN: Diethylnitrosamine; MNNG: N-Methyl-N’-
nitro-N-nitrosoguanidine; IHC: Immunohistochemistry; ERα: 
Estrogen Receptor α; ER+: Estrogen Receptor-Positive; Runx2: 
Runt-related transcription factor 2; HCC: Hepatocellular 
Carcinoma; AMPK: 5’ AMP-activated protein Kinase; pAMPKα: 
phosphorylated AMPK α; LC: Lung Cancer; SCLC: Small 
Cell Lung Cancer; NSCLC: Non-Small Cell Lung Cancer; GC: 
Gastric Cancer; CRC: Colorectal Cancer; ICCA: Intrahepatic 
Cholangiocarcinoma

Introduction
Cancer is a chronic and malignant disease. It has remained 

a serious threat to human health. Cancer is a major global 
public health problem; it accounted for over 10 million deaths 
from cancer worldwide in 2020 [1]. Cancer development is a 
complex event, which undergoes multiple stages and involves 
many genes which are activated or inactivated. Its occurrence 
is associated with environmental and genetic factors, gene 
mutation, diets, personal living and hygiene habits, and so on. 
Cancer progression is a sequential process, beginning with 
the proliferation of cells at the original site and resulting in 
metastasis to distant sites in the body [2]. If cancer patients 

can be diagnosed at an early stage, treatments would be 
more effective and survival dramatically improves as well. 
Unfortunately, over 50% of cancer cases are detected at late 
stages. To achieve the improvement of survival for patients 
suffering from cancer, universal biomarkers of cancers and 
early detection approaches for patients with different cancers 
to be established are urgent tasks in the ϐield of cancer 
research.

Cancer cells have a universal cytological feature, namely 
nucleolar hypertrophy. rRNAs are synthesized by RNA 
polymerases I and III (Pol I and Pol III) in the nucleolus [3]. 
The enlarged nucleolus has been used as a strong diagnostic 
indicator of cell transformation and neoplasia. This implies 
that transformation in situ is tightly linked to the deregulation 
of RNA Pol I and III gene transcription because the size of the 
nucleolus reϐlects the levels of rRNA synthesis [3,4]. Therefore, 
this consistent cytological feature of nucleolar hypertrophy 
of cancer cells provides a possibility to establish universal 
biomarkers for the diagnosis of patients who are suffering 
from cancer. Since cancer cells proliferate rapidly and exhibit 
unlimitedly growth, the cells request large numbers of 
proteins to sustain their growth during the process of tumor 
development, while the biological function of RNA Pol I and Pol 
III genes (RNA Pol I and Pol III-dependent genes) are mainly 
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Abstract

Brf1 (TFIIB-related factor 1) is a transcription factor, which specifi cally modulates the transcription of RNA 
polymerase III-dependent genes (RNA Pol III genes), such as tRNAs and 5S rRNA. The products of tRNAs and 
5S rRNA transcription will be changed with the alteration of Brf1 expression. Whereas deregulation of Brf1 and 
RNA Pol III genes are tightly associated with cell proliferation and transformation, and tumorigenesis. In recent 
years, emerging studies indicate that Brf1 expression is increased in patients with cancers. In this review, we 
summarize the progress of the abnormal expression of Brf1 in diff erent human cancers to explore an underlying 
mechanism and its clinical implication, as well as to prompt its application prospect. With the depth of the Brf1 
study and the progress of biotechnology, the status of Brf1 expression may be used as a universal indicator of 
the early detection and prognosis observation of human cancers.
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to participate in protein synthesis. The products of RNA Pol I 
and Pol III genes are essential to this synthesized process. 

RNA Pol III is responsible for the synthesis of a variety of 
small untranslated RNAs, including 5S rRNA and tRNAs, which 
are elevated in both cell proliferation and transformation, 
suggesting that it plays a crucial role in tumorigenesis [3,5]. 
The transcription machinery of the 5S rRNA gene is consisted 
of RNA Pol III, TFIIIA, TFIIIB, and TFIIIC, while that of the tRNA 
gene transcription involves RNA Pol III, TFIIIB, and TFIIIC [3-
5]. Studies have demonstrated that tumor suppressors inhibit 
the activity of TFIIIB [5-8]. In contrast, oncogenic proteins 
augment their activity. It prompts that TFIIIB is associated 
with tumorigenesis. TFIIIB complex includes three subunits, 
TBP (Tata-Box binding protein), and other two associated 
factors, Brf1 (TFIIB-related factor 1) and Bdp1 [5-9]. TBP is a 
general factor, which takes part in the transcription regulation 
of RNA Pol I, II, and III genes in a direct or indirect manner. 
The latter two subunits, Brf1 and Bdp1 only modulate the 
transcription of RNA Pol III genes, such as tRNAs and 5S rRNA. 
Brf1 is an initial factor in the transcription of RNA Pol III genes 
and it speciϐically regulates the transcription of tRNAs and 
5S rRNA genes [5-9]. Studies have indicated that a decrease 
in Brf1 expression reduces the transcription of tRNA and 5S 
rRNA and is sufϐicient for inhibiting cell transformation and 
tumor formation in nude mice [4,6-8]. It is well documented 
that the deregulation of RNA Pol III transcription is associated 
with cell proliferation, cell transformation, and tumorigenesis. 
Carcinogens, such as EGF (Epidermal Growth Factor), 
DEN (Diethylnitrosamine), MNNG (N-Methyl-N’-nitro-N-
nitrosoguanidine) and dietary factors (such as alcohol) 
create ROS (Reactive oxygen species) to induce stress in cells. 
Interestingly, these carcinogens increase Brf1 expression and 
RNA Pol III gene transcription to promote cell proliferation 
and cell transformation [5-13]. The phenotypic alterations, 
such as cell proliferation and transformation, are exactly 
the initial stage of tumor development [2]. This prompts 
that the upregulation of Brf1 expression is associated with 
tumor development. Our work and that of others have shown 
that Brf1 is overexpressed in breast cancer, hepatocellular 
carcinoma, gastric cancer, lung cancer, prostate cancer, and 
other human cancers [9,14-18]. Here, we summarize the study 
progress of aberrant Brf1 expression in human cancers and 
propose the clinical implication of its abnormal expression. 

Signifi cance of Brf1 overexpression in breast cancer

Breast cancer is still the most common cancer in women 
worldwide, it accounts for about 30% of female cancers and 
has a mortality-to-incidence ratio of 15% [19]. About 80% of 
cases of breast cancer are ER+ (estrogen receptor positive), 
and other parts belong to ER- (estrogen receptor negative) 
[4,13]. With the advancement of biological science and 
technology, death rates of breast cancer continue to decline, 
but not globally. Therefore, high-quality prevention, early 
detection, and treatment services for all women suffering 

from breast cancer are still necessary. Studies in vitro have 
demonstrated that upregulation of Brf1 and RNA Pol III gene 
transcription promotes cell proliferation, transformation, 
and tumorigenesis. However, the status of Brf1 expression is 
unclear in patients with breast cancer. Recently, Dr. Fang Z 
and colleagues investigated parafϐin-embedded tumor tissue 
samples which were obtained from 218 women diagnosed 
with breast carcinoma and underwent surgical resection 
cases of breast cancer [15]. IHC (Immunohistochemistry) 
assay by using a speciϐic antibody against Brf1 indicates 
that strong Brf1 signals are observed in tumor foci of the 
breast cancer tissues, compared to the corresponding para-
carcinoma tissues [15]. Brf1 primarily accumulated in the 
nucleus in most samples (~82%), while it was located at the 
cytoplasm in a small number of samples, or both. In terms of 
staining intensity, the 218 cases were deϐined into four groups, 
negative staining (29.4%), weak nuclear staining (22.9%), 
moderate staining (19.3%), and strong staining (28.4%). The 
difference in Brf1 expression levels between tumor foci and 
adjacent noncancerous tissue is marked. Further analysis 
indicates that there is not a signiϐicant correlation between 
the levels of Brf1 expression and other clinicopathological 
features [15]. Interestingly, there is a signiϐicant correlation 
between high Brf1 expression and high ER expression (p = 
0.012), high PR expression (p = 0.035), or non-TN status (p 
= 0.012) [15]. It prompts that the levels of Brf1 expression 
in breast cancer cases are associated with their hormone 
statuses. The group of high Brf1 expression with ER+ and PR+ 
cases represents most part of non-TN (triple negative) breast 
cancer patients, who have the best outcomes with much late 
recurrence or metastasis, and longer survival time [15], while 
the cases with low Brf1 expression accounted for most cases 
of TN breast cancer, which revealed worse outcomes including 
earlier cancer recurrence and metastasis. The analysis of 
clinical information reveals that ER+ patients with high Brf1 
expression display a good prognosis [15]. 

As mentioned above, the deregulation of Brf1 and RNA Pol 
III genes is associated with tumorigenesis. Thus, the prognosis 
of the cases with high levels of Brf1 expression should be 
worse. However, the group with high Brf1 expression displays 
a better prognosis and longer survival period after hormone 
treatment, compared to the group with low Brf1 expression 
[15]. It seems a contradiction. This is because most of the cases 
with low Brf1 expression belong to TN breast cancer, and 
were more difϐicult to treat by hormone therapy, resulting in 
a shorter survival period. In contrast, the cases with high Brf1 
expression were at ER+ and PR+ status. In clinical practice, 
Tam (Tamoxifen) has been used to treat ER+ cases of breast 
cancer after diagnosis and surgery. Thus, hormone therapy, 
such as Tam, was more effective on these patients. 

Tam is an antagonist of the estrogen receptor (ER), it 
competitively binds to ER to inhibit estrogen effects. Tam is 
currently used as the hormone treatment for both early and 
advanced cases of ER+ breast cancer [20]. An early study 
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has demonstrated that ERα enhances Brf1 expression and 
RNA Pol III gene transcription in ER+ breast cancer cells [4]. 
While Tam is able to repress Brf1 expression and RNA Pol III 
gene transcription in the cells [21]. It portents that the cases 
with high Brf1 expression may actually have lower levels of 
Brf1 in the body when they have been accepting hormone 
therapy of Tam. It explains why their prognosis is better than 
those with low Brf1 expression. This supports the idea that 
the difference in survival periods between high and low Brf1 
expression levels is dependent on the cellular levels of Brf1 
and ERα expression and the efϐicacy of hormone treatment, 
such as Tam. The patients with high Brf1 expression are in 
the ER+ group [15]. Therefore, these patients revealed better 
prognoses after the Tam treatment. It implies that monitoring 
the levels of Brf1 expression in the body can be used in the 
diagnosis and prognosis of patients with breast cancer. 

Although studies on breast cancer have been well 
documented, to date, the mechanism and signiϐicance of 
abnormal Brf1 expression in breast cancer remain to be 
addressed. Studies have shown that alcohol consumption 
is consistently associated with the risk of breast cancer 
for most ER+ cases of women [22-24]. Alcohol feeding 
promoted mammary tumor formation [25,26]. To explore the 
mechanism of abnormal expression of Brf1 in breast cancer, 
Dr. Zhang and colleagues treated the ER+ breast cancer 
cell line, MCF-7 with alcohol to detect the alteration of Brf1 
expression level [4]. Alcohol increases Brf1 expression and 
RNA Pol III gene transcription to facilitate cell proliferation 
and transformation, and tumor formation [4,17,27]. Alcohol 
enhances the cellular levels of ERα protein and mRNA as well 
[4,15] while repressing ERα by its siRNA, Brf1 expression 
and RNA Pol III gene transcription are decreased, resulting 
in the reduction of alcohol-induced cell proliferation and 
colony formation [4,15]. Further studies of signal pathways 
have demonstrated that alcohol activated JNK1, but not 
JNK2 [12,28]. Inhibiting the JNK1 pathway by a chemical 
inhibitor or its siRNA alleviated ERα activity and decreased 
Brf1 expression, causing attenuation of alcohol-induced 
cell proliferation and transformation [4,12,16,27,28]. These 
studies prompt that alcohol is a good reagent to explore the 
underlying mechanism of breast cancer.

A tumor suppressor, BRCA1 is responsible for repairing 
damaged DNA [29-31]. Women with an abnormal BRCA1 gene 
have up to an 80% higher risk of developing breast cancer [32]. 
To detect the effect of BRCA1 on tRNALeu and 5S rRNA gene 
transcription, the BRCA1 expression construct was restored 
into BRCA1 deϐicient cells, HCC 1937 line, which caused 
repression of tRNALeu and 5S rRNA transcription [33]. While 
overexpressing BRCA1 in MCF-7 alleviated the induction of 
tRNALeu and 5S rRNA genes by alcohol [33]. As Brf1 speciϐically 
regulates the transcription of tRNA and 5S rRNA genes, it 
implies that BRCA1 may repress Brf1 expression.

Runx2 (Runt-related transcription factor 2) is a key 

transcription factor, which is associated with osteoblast 
differentiation and expressed in  ER+ human breast cancer cell 
lines. Runx2 also participates in mammary gland development 
[34]. Runx2 has been described as an oncogene and links to 
ER+ breast cancer [35]. ERα increases Runx2 expression, 
the latter can bind to the promoter of ERα to upregulate its 
transcription [10]. Dr. Hong, et al. have found that Runx2 is 
overexpressed in the cases of human breast cancer, while 
alcohol treatment augments the cellular levels of Runx2 [10]. 
Repressing ERα decreases the cellular levels of Runx2 in ER+ 
breast cancer cells. Knockdown Runx2 caused the reduction 
of alcohol-increased Brf1 expression and RNA Pol III gene 
transcription [10]. This supports an opinion that alcohol 
augments the activity of ERα, which upregulates Runx2 
expression to cause an increase in Brf1 expression and RNA 
Pol III gene transcription.

In summary (Figure 1), Brf1 expression was augmented 
in the cases of human breast cancer. The ER+ cases with high 
Brf1 expression portent a better prognosis and longer survival 
period. In contrast, low Brf1 expression in TN cases reveals 
poor outcomes and shorter survival times. In ER+ cases, Tam 
treatment reveals an efϐicient and better prognosis. This is 
because Tam is able to repress Brf1 expression except by 
inhibiting ER activity. Mechanism studies demonstrate that 
ERα and Runx2 upregulate Brf1 expression through the JNK1 
pathway, resulting in cell proliferation and cell transformation. 
Together, these studies suggest that Brf1 may be a good 
biomarker of diagnosis and prognosis for breast cancer.

Brf1 expression is increased in hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer and the third-leading cause of cancer-related mortality 
in the world [36]. HCC occurrence is associated with HBV 
(hepatitis virus), HCV (hepatitis C virus), alcohol consumption, 
and other factors. Alcohol-induced liver injury, including liver 
inϐlammation, steatosis, ϐibrosis, and cirrhosis, eventually 
increases the risk of HCC development [37]. Alcohol combines 

  

Alcohol

ERα Runx2

RNA Pol III gene 
transcription 

Breast Cancer

Figure 1: Brf1 overexpression promotes development of breast cancer. Alcohol 
augments ERα activity through JNK1 pathway. ERα increases the cellular levels 
of Runx2, resulting in upregulation of Brf1 and RNA Pol III genes, eventually 
promotes breast cancer development. While Tam reduces Brf1 expression in 
ER+ breast cancer cells. ↓: enhancement; ┴: repression.
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with viruses (HBV or HCV), carcinogens (aϐlatoxin), obesity, 
or diabetes mellitus to promote liver tumor development 
[38-40]. Up to 80% of patients suffering from this disease have 
their ϐirst presentation with an advanced stage of HCC. Despite 
achieving advancements in treatment by using new drugs, 
the overall 5-year survival for HCC within the United States 
is < 20% [36,41]. Thus, urgent work is needed to identify a 
novel marker for early diagnosis of HCC and observation of 
its prognosis. 

A study has shown that the cellular levels of Brf1 
expression in liver tumor cell lines are higher than in non-
tumor liver cells [16]. This prompts that Brf1 expression is 
associated with liver tumorigenesis. Whereas alcohol-induced 
Brf1 expression in liver tumor cells is much higher than in 
non-tumor liver cells [16]. Alcohol-induced the activation of 
JNK1 and MSK1 to increase the rates of liver cell proliferation 
and transformation [12,16,27]. In contrast, Inhibiting the 
signals of the JNK1 or MSK1 alleviates the phenotypic changes 
caused by alcohol [12,16]. Further analysis of the mechanism 
indicates that alcohol elevates the levels of c-Jun to occupy the 
promoter of the Brf1 gene and upregulate its expression in 
HepG2 cells [12], which is a hepatocellular carcinoma cell line. 
Repressing c-Jun by its siRNA decreases Brf1 expression and 
RNA Pol III gene transcription [12]. An in vivo study indicated 
that alcohol feeding promoted liver tumor formation in HCV 
NS5A transgenic mice [12]. The transcription levels of Brf1 
and RNA Pol III genes (tRNALeu and 5S rRNA) in liver tumor 
tissues of the transgenic mouse are markedly higher than in 
non-tumor liver ones [12]. Further study showed that the 
levels of Brf1 in the HCC cases with alcohol-intake are much 
higher than in HCC cases without alcohol consumption or 
normal liver tissues. These studies described above reveal 
that alcohol activates JNK1 and MSK1 pathways to upregulate 
the transcription of Brf1 and RNA Pol III genes, eventually 
promoting HCC development. 

To further determine the clinical implication of Brf1 
overexpression in human HCC, Zhong. et al. investigated 
133 cases of HCC to detect the status of Brf1 expression. The 
signals of Brf1 of IHC staining in tumor foci of HCC tissues are 
much stronger than in para-carc (para-carcinoma) tissues 
[16]. The signals of Brf1 were accumulated in both nuclei and 
cytoplasm [16]. To determine whether Brf1 expression was 
correlated with OS (overall survival) of HCC patients, they 
evaluated the prognostic value of Brf1 expression through 
the estimation of OS using Kaplan-Meier and log-rank test 
analyses. High Brf1 expression was signiϐicantly related to 
poor OS, compared to low Brf1 expression (p = 0.044). The 
analysis of RNA-seq and tumor progression data from “Liver 
Hepatocellular Carcinoma (TCGA, provisional)” indicates that 
high expression of Brf1 predicted poor overall survival (p = 
0.032) [42,43]. 

Together, these studies have demonstrated that Brf1 
expression is increased in patients with HCC. High expression 

of Brf1 in HCC cases displays short survival time and poor 
prognosis. Except for HBV, alcohol intake is the major cause 
of HCC. The cases of HCC with alcohol consumption showed 
higher levels of Brf1 [12]. This predicts that the patients 
will have a poor prognosis. Mechanism studies indicate that 
alcohol-activated JNK1 and MSK1 pathways upregulate Brf1 
expression and RNA Pol III gene transcription to enhance 
the rates of cell proliferation and transformation (Figure 2) 
[12,16]. High expression of Brf1-caused phenotypic alteration 
eventually promotes liver cancer development. 

High Brf1 expression in lung cancer cases

Based on cytological and histological characterization, lung 
cancer (LC) is divided into small-cell lung cancer (SCLC) and 
non-small-cell lung cancer (NSCLC). SCLC and NSCLC account 
for 15% - 20% and 80% - 85% of cases, respectively [44-46]. 
LC is the leading cause of cancer-related mortality worldwide, 
responsible for 18.4% of all cancer deaths [46]. Despite growing 
efforts for its early detection by screening populations at risk, 
the majority of lung cancer patients are still diagnosed in an 
advanced stage [46]. Recently, Wu. et al. reported, for the ϐirst 
time, Brf1 was signiϐicantly overexpressed in LC cases. About 
60% of 226 LC cases displayed high Brf1 expression [9]. The 
cases with high Brf1 expression revealed overall survival times 
that were signiϐicantly short [9]. Interestingly, the elevation 
of Brf1 expression in these cases of NSCLC was accompanied 
by a high phosphorylation level of AMPKα (5′ AMP-activated 
protein kinase or 5′ adenosine monophosphate-activated 
protein kinase). Brf1 and pAMPKα colocalize in nuclei. AMPK 
increases glucose uptake and inhibits the synthesis of fatty 
acids, cholesterol, and triglycerides, and promotes fatty acid 
uptake and β-oxidation [47]. It prompts that AMPK plays an 
important role in the regulation of energy metabolism. 

To explore the relationship of Brf1 expression with high 
levels of pAMPKα, a carcinogen, MNNG (N-Methyl-N′-nitro-
N-nitrosoguanidine) was used to treat the A549 cells and 

 

Alcohol

DEN

Hepatocellular 
Carcinoma

c-Jun

RNA Pol III gene 
transcription 

MSK1 
siRNA

Figure 2: Alcohol and DEN increase Brf1 expression. Alcohol activates JNK1 to 
enhance c-Jun activity. Alcohol also activates MSK1 pathway. Both pathways 
enhance Brf1 expression and RNA Pol III gene transcription. While DEN induces 
histone H3 phosphorylation to increase Brf1 expression by epigenetically 
modulating, Finally, they facilities HCC occurrences, ↓: enhancement; ┴: 
repression.
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H1975 cells, which are LC cell lines. MNNG enhanced the 
cellular levels of pAMPKα and increased Brf1 expression 
and RNA Pol III gene transcription [9]. Blocking the pathway 
of pAMPKα decreased the induction of Brf1 and RNA Pol III 
genes caused by MNNG, resulting in decreases in the rates 
of cell proliferation and colony formation [9]. These studies 
demonstrated that pAMPKα upregulated Brf1 expression to 
elevate RNA Pol III gene transcription, resulting in changes in 
the cell phenotypes (Figure 3). It implies that high expression 
of Brf1 is associated with LC development, Brf1 may be used 
as an observing indicator of prognosis to LC. 

The status of Brf1 expression in gastric cancer

Gastric cancer (GC), also known as stomach cancer, is the 
fourth most common cancer and the second leading cause of 
cancer-related death worldwide [48]. Gastric cancer is more 
common in men and people aged 50 years or older. To detect 
the status of Brf1 expression in gastric cancer, Dr. Zhang and 
colleagues determined 77 tumor tissues of the patients with 
GC and their corresponding para-carcinoma tissues. Brf1 
signals of IHC stain were observed in all 77 tumor tissues 
[17]. In addition, the weaker signals of Brf1 staining were 
also detected in parts of the para-tumor tissues. However, 
the staining intensity of Brf1 in tumor tissues of GC is much 
stronger than in para-tumor tissues. The staining signals of 
Brf1 were mainly located in the nucleus, while partial samples 
were in the nucleus and cytoplasm of the tumor tissues as 
well [17]. The patients with low Brf1 expression displayed 
longer Disease-free survival (DFS) than those with high Brf1 
expression (18 versus 9 months) [17]. Similarly, the cases with 
low Brf1 expression showed better overall survival (OS) (24 
versus 16 months), compared to the patients with high Brf1 
expression [17]. It shows that Brf1 expression levels in GC 
patients may be used as a prognosis indicator. As mentioned 
above, alcohol consumption is associated with breast cancer 
and hepatocellular carcinoma. Here, the analysis of clinical 
information revealed that high Brf1 expressions were more 
frequent in GC patients with hazardous or harmful alcohol 

consumption habits [17]. Together, these studies indicate that 
patients with alcohol consumption reveal higher levels of Brf1 
expression, while high expression of Brf1 in GC displays worse 
outcomes.

High Brf1 expression is used as a biomarker of 
prognosis in prostate cancer

Prostate cancer is the most common malignancy among 
males in the United States and over one million new cases 
are diagnosed worldwide every year [49,50]. It remains the 
ϐifth leading cause of cancer-related mortality in the United 
States [51]. About 10 million men are presently living with 
prostate cancer, and approximately 700000 of these are living 
with metastatic disease [52,53]. While the majority of cases 
of prostate cancer are diagnosed in a localized stage, which 
is curable. However, metastatic prostate cancer remains 
fatal. There is a debate on the relationship between alcohol 
intake and the risk of prostate cancer [54]. Many studies from 
different geographical areas and nationalities have shown 
that moderate and heavy drinking of alcohol is positively 
correlated with the development of prostate cancer [54]. In 
recent years, the status of Brf1 expression has been detected in 
prostate cancer cases [18]. Loveridge and colleagues reported 
that Brf1 was overexpressed in the tumor tissue of prostate 
cancer [18]. They investigated the immunoreactivity of Brf1 in 
516 cases of prostate cancer, compared to 134 cases of benign 
prostatic hyperplasia which were used as controls [18]. The 
signals of Brf1 immunoreactivity by IHC were signiϐicantly 
increased in prostate cancer (p = 0.0032) and mainly located 
in the nucleus [18]. The group with high Brf1 expression 
displayed short survival times and a worse prognosis [18]. 
Overexpression of Brf1 in prostate cancer cell lines was to 
increase cell proliferation and promote tumorigenesis in the 
engineered mice with Brf1 expression construct [18]. In terms 
of the features of Brf1 in vivo and in vitro, monitoring the levels 
of Brf1 expression can be used as a prognostic biomarker of 
prostate cancer. 

Brf1 abnormal expression in other human cancers

Except for the investigated cases of human cancers 
described above, the status of Brf1 expression is detected in 
other human cancers, such as colorectal cancer, pancreatic 
cancer, intrahepatic cholangiocarcinoma (ICCA), and 
nasopharyngeal carcinoma. A brief introduction of Brf1 
expression in these cancers is presented below. 

Colorectal cancer (CRC) is one of the most common 
malignancies worldwide and a major cause of cancer-
related deaths [55]. Although progress has been achieved in 
screening, early diagnosis, and treatment, one-third of CRC 
patients will ultimately die from metastatic diseases [56]. The 
disease is curable if it is detected in the early stage. Therefore, 
early detection can reduce the mortality of CRC [57]. To 
detect the relationship of the status of Brf1 expression with 
colorectal cancer, samples of tumor tissues and non-tumor 

MNNG
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RNA Pol III gene 
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Figure 3: pAMPKα mediates Brf1 expression. MNNG activates pAMPKα, which 
increases Brf1 expression and RNA Pol III gene transcription, resulting in cell 
proliferation and cell transformation, eventually facility lung cancer development. 
↓: enhancement; ┴: repression.
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tissues of colorectal cancer were determined by IHC. The 
results showed that the levels of Brf1 expression in the tumor 
tissues of colorectal cancer were much higher than in non-
tumor ones. OS analysis indicated that the cases with high 
Brf1 expression revealed poor prognosis. The levels of Brf1 in 
the cell line of CRC were augmented, compared to non-tumor 
cell lines. While repressing Brf1 expression was able to inhibit 
the migration of the cells of CRC. 

Pancreatic cancer is another malignant tumor of the 
digestive tract. Pancreatic cancer still has a poor prognosis 
mainly due to the fact that the majority of patients are only 
diagnosed at an advanced or even metastatic stage [58]. 
Surgery is only appropriate if there is a chance of a cure 
[58]. Therefore, early diagnosis of this disease is very urgent. 
To determine the levels of Brf1 expression in the samples 
of pancreatic cancer. IHC assay was performed with Brf1 
antibody. The results revealed that levels of Brf1 expression 
were elevated in tumor foci of pancreatic cancer tissues, 
compared to para-carcinoma tissues. The signals of the Brf1 
reaction with its antibody were mainly located in the nucleus. 
More work on the Brf1 expression in pancreatic cancer is 
ongoing. 

ICCA is a malignant tumor of the digestive tract as well. 
ICCA arises from the periphery of the second-order bile ducts. 
ICCA is a more aggressive and lethal cancer, compared to HCC, 
largely as a result of the delays in diagnosis due to the lack 
of an adequate surveillance system and a high postoperative 
recurrence rate, even after curative-intent surgical resection 
[59,60]. So far, no report indicates the status of Brf1 expression 
in the cases of ICCA. Over 200 samples of ICCA patients were 
used to detect the levels of Brf1 expression. The results show 
that over 50% of cases of ICCA display high Brf1 expression, 
while the survival times of the cases were shorter than the 
ones of low Brf1 expression. In addition, high Brf1 expression 
was detected in tumor tissues of human nasopharyngeal 
carcinoma as well. 

Discussion and further studies
Metabolism of carcinogens in cells produces ROS to 

enhance the expression of Brf1 and RNA Pol III genes to 
promote tumor development (Figure 4). Here, we review the 
literature available and discuss the clinical implication and 
application prospect of aberrant Brf1 expression in common 
human cancers. Brf1 expression was increased in different 
human cancers, such as breast cancer, HCC, lung cancer, gastric 
cancer, prostate cancer, CRC, and ICCA. High Brf1 expression 
was detected in nasopharyngeal carcinoma as well. The 
signals of Brf1 reaction with its speciϐic antibody by IHC are 
mainly located in the nucleus or partially in both the nucleus 
and cytoplasm. High Brf1 expression displays a short survival 
period. It prompts that the prognosis of cancer patients with 
high levels of Brf1 expression will be worse. However, breast 
cancer is an exception. ER+ patients of breast cancer with high 
Brf1 expression display better prognosis and good outcomes. 

This is because Tam not only inhibits ERα activity but also 
represses Brf1 expression and RNA Pol III gene transcription. 
It implies that Brf1 can be used as a good universal biomarker 
for the diagnosis of human cancers. In terms of the limiting 
sensitivity of the IHC method, Brf1 should not be utilized alone 
as a marker of early detection of human cancers. Given that 
increase in Brf1 expression is accompanied by upregulation 
of tRNAs and 5S rRNA transcription, it is possible to establish 
higher sensitive approaches by determining a combination 
with abnormal expression of Brf1 and deregulation of tRNAs 
and 5S rRNA genes, which may be used for early detection 
of human cancers. Since repressing Brf1 expression is able 
to reduce the rates of cell proliferation and transformation, 
developing a speciϐic inhibitor of Brf1 may achieve the 
therapeutic purpose of human cancers. Thus, there is an 
urgent need to establish the biomarkers of early detection 
and to observe the prognosis of human cancers. While 
determining the abnormal expression of Brf1 and RNA Pol III 
genes is a potential approach. Therefore, further studies on 
the abnormal expression of Brf1 portents bigger beneϐits to 
patients suffering from cancers. In spite of that, we have made 
great efforts to explore the signiϐicance of the deregulation 
of Brf1, tRNAs, and 5S rRNAs in cancer, but much more basic 
and clinical works still need to be done for the early diagnosis 
and therapy of human cancers. Thus, Brf1, which is a potential 
target for this purpose, is a good molecular landscape and a 
better way to this goal of cancer early detection and therapy. 

Conclusion 
As mentioned above, we summarized the progress of the 

Brf1 study in human cancers. At the endpoint, we conclude as 
below:

1. Brf1 overexpression is determined in multiple human 
cancers, such as breast cancer, HCC, gastric cancer, 
prostate cancer, lung cancer, and others; These studies 
demonstrate that Brf1 is a universal biomarker of 
human cancers;

Carcinogens

ROS

pMSK1

ERα

Breast cancer

HCC

Lung cancer

Figure 4: Schematic illustration of carcinogens-induced Brf1 expression. 
Carcinogens, such as DEN, MNNG, EGF and alcohol, produce ROS in cells, 
which increases Brf1 expression through diff erent pathway in various organs to 
promote tumor development. ↓: enhancement.
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2. High Brf1 expression in patients suffering from cancers 
implies a short survival period and a worse prognosis. 
Brf1 is a good marker to observe the prognosis of the 
patients;

3. The cases of ER+ breast cancer with high expression of 
Brf1 display better outcomes with hormone therapy;

4. Repressing Brf1 expression will be a novel way for 
tumor therapy.
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