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Abstract: Runt-related transcription factor 1 (RUNX1), a member of the RUNX family, is one of the 

key regulatory proteins in vertebrates. RUNX1 is involved in embryonic development, hematopoiesis, 

angiogenesis, tumorigenesis and immune response. In the past few decades, studies mainly focused on 

the effect of RUNX1 on acute leukemia and cancer. Only few studies about the function of RUNX1 in 

the pathological process of pulmonary diseases have been reported. Recent studies have demonstrated 

that RUNX1 is highly expressed in both mesenchymal and epithelial compartments of the developing 

and postnatal lung and that it plays a critical role in the lipopolysaccharide induced lung inflammation 

by regulating the NF-κB pathway. RUNX1 participates in the regulation of the NF-κB signaling path-

way through interaction with IkB kinase complex in the cytoplasm or interaction with the NF-κB 

subunit P50. NF-κB is well-known signaling pathway necessary for inflammatory response in the lung. 

This review is to highlight the RUNX1 structure, isoforms and to present the mechanism that RUNX1 

regulates NF-κB. This will illustrate the great potential role of RUNX1 in the inflammation signaling 

pathway in pulmonary diseases. 
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1. INTRODUCTION 

The Runt-related transcription factor (RUNX) gene fam-
ily are also known as the acute myeloid leukemia (AML), 
core-binding factor-α (CBFα) and polyoma enhancer-binding 
protein-2α (PEBP2α) family, encodes the DNA-binding pro-
tein α-chain partners of the heterodimeric CBF complex. The 
RUNX protein family includes the RUNX1, RUNX2, and 
RUNX3 transcription factors, which are also known as 
AML1, AML2 and AML3, respectively [1]. The Runt-
related transcription factor 1 (RUNX1/AML1/CBFA2/ 
PEBP2aB) was first identified in 1991 as a gene involved in 
the chromosome rearrangement t (8; 21), which is associated 
with acute myeloid leukemia [2]. Functional disruption of 
RUNX1 by chromosomal translocation and somatic point 
mutation occurs frequently in myeloid leukemia. There are 
over 30 different translocations on chromosome which have 
been implicated in acute myeloid leukemia and RUNX1 mu-
tations linked with familial predisposition to acute leukemia 
have also been uncovered [1, 3]. The indispensable role of 
RUNX1 in hematopoiesis was discovered by transgenic mice 
in 1996 [4, 5]. In the following decades, a series of studies 
suggested that in addition to participating in hematopoiesis 
or angiogenesis, RUNX1, an important transcription factor, 
is also involved in embryonic development, tumorigenesis, 
immune response, and especially the inflammatory response 
[6-9]. 
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2. THE STRUCTURE OF RUNX1  

2.1. The Main Domains of RUNX1 

The human RUNX1 gene is located on chromosome 
21q22.3 and contains 12 exons with a total length of more 
than 260kb [10]. The RUNX1 protein consists of three do-
mains, including the runt homology domain（RHD）within 
the N-terminal region, C-terminal transactivation domain 
(TAD) and the repression domain (RD) (Fig. 1C). The RHD 
is coded by exons 2, 3, and 4 of RUNX1 and located in the 
N-terminal part (amino acids 50-177), while exon 6 codes 
for the TAD (amino acids 243-371), and part of exon 7 and 
exon 8 codes for the RD (amino acids 371-411 or 208-243) 
[11-14]. Significantly, to maintain the normal function of 
RUNX1, RHD and TAD are both simultaneously required 
[15]. The RHD in the N-terminal region of RUNX1 protein 
harbors a conserved domain of 128 residues, which is ho-
mologous to the runt transcription factor of Drosophila 
Melanogaster [16, 17]. The RHD is responsible for DNA-
binding and protein-protein interaction. The RHD is able to 
combine with the TG(T/C)GGT motif, which is known as 
the runt domain-binding element. In addition to binding to 
DNA, the RHD is sufficient for interacting with CBFβ, 
which is coded by a single gene in mammals. CBFβ does not 
bind to DNA directly, although it confers high-affinity DNA 
binding and stabilizes the interaction between DNA and the 
runt domain [18, 19]. The third domain, RD, mediating the 
transcription of RUNX1 gene function, is divided into differ-
ent regions. For instance, RD1 is located at the C-terminus of 
the RHD, which can raise co-arrest factors such as EAR-2 
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and SIN3A to inhibit transcription of target genes [20, 21]; 
RD2 is located at the C-terminus of the TAD and plays a role 
in transcriptional repression or even gene silencing by con-
tacting SUV39H1, a histone methyltransferase [22]. RD3 is 
located at the C-terminus of the entire RUNX1 protein struc-
ture, containing VWRPY motifs in this region, and plays a 
role in inhibiting the transcription of target genes [23]. In 
addition to main domains, RUNX1 also contains a nuclear 
matrix targeting sequence [23, 24]. Taken together, RUNX1 
can serve as a transcriptionally repressive or active factor, as 
well as the nucleus of a trans activator.  

2.2. Promoters of RUNX1 

In vertebrates, the expression of RUNX1 is regulated by 
two distantly located promoter regions, distal P1 and proxi-
mal P2, which code at least 12 different alternatively spliced 
isoforms with distinct amino-terminal sequence. The distal 
P1 and proximal P2 are 160 kb apart. The proximal P1 is 
located at upstream of the distal P2 [25, 26]. The P1 and P2 
promoter regions contain several dispersed binding sites for 
the RUNX proteins, suggesting an auto-regulation and rais-
ing the possibility of cross-regulations between the RUNX 
genes [10, 16, 27-29]. It is important that in the human and 
mouse RUNX1 gene, two RUNX sites are identically located 
at the beginning of the P1 5’-untranslated region (5’UTR) 
within a conserved sequence of 18bp (Fig. 1B) [30]. Some in 
vitro studies have attributed the role of positive or negative 
transcriptional regulation of these dispersed binding sites to 
bind RUNX protein [31, 32], while using various RUNX 
knock out (KO) mice in vivo demonstrated that these RUNX-
binding sites located at the beginning of the P1 5’UTR do 
not always function in cross-regulation [33, 34]. The P1 and 
P2 regions of the RUNX1 gene possess promoter activity [27, 
28, 35], that is to say, cells normally expressing RUNX1 
have higher promoter-reporter readouts [36]. 

As mentioned above, transcription of the RUNX1 gene is 
regulated at the transcriptional level by two promoters that 
give rise to mRNAs with distinct 5’UTRs and 3’UTRs. The 
two 5’UTRs have different sizes and structures and each has 
characteristic features (Fig. 1B) [37]. The P1 5’UTR is usu-
ally shorter than the P2 5’UTR. The P1 5’UTR contains four 
exons and the P2 5’UTR has only one. In RUNX1, the P1 
5’UTR is 452bp and P2 5’UTR is exceptionally longer 
(1631bp). Functional analysis indicated that the P1 5’UTR 
controls translation via a cap-dependent mechanism, whereas 
the P2 5’UTR regulates translation by an internal ribosomal 
entry site (IRES) mechanism [38].  

The expression of RUNX1 is highly and distinctly tissue-
specific. Previously, it was thought that promoters of 
RUNX1 exhibit tissue specificity. Isoforms of RUNX1 de-
rived from the P1 promoter are mainly distributed in hema-
topoietic stem cells, macrophages and T lymphocytes in 
thymus and spleen [39, 40]. P2 initiates RUNX1 isoforms 
mainly in non-hematopoietic tissues such as the brain, kid-
ney, pancreas, heart and liver [29]. However, one study 
proved that none of the distal P1 or proximal P2 exhibited 
tissue specificity [27], indicating that additional tissue-
specific genomic elements are required for regulating the 
RUNX1 expression, and RUNX1 is more likely to act as an  
 

organizer of transcription by recruiting tissue-specific regu-
latory elements to their binding sites in promoters [27, 41]. 
The regulatory element 1 (RE1) located in intron 1 of the 
RUNX1 gene and the regulatory element 2 (RE2) locating in 
intron 5.2 of the human RUNX1 gene have recently been 
identified as the element regulating promoter activity. The 
study of the spatial organization of the RUNX1 gene in dif-
ferent cell types showed that RE1 exhibited an enhancer ac-
tivity [42, 43], while ER2 was neither an enhancer nor a si-
lencer to distal P1 and the proximal P2 [44]. In addition, a 
highly conserved sequence named CpG islands, nested 
within P2 promoter and the last exon of RUNX1 gene, is re-
ported to be responsible for the tissue-specific expression of 
RUNX1 [45, 46]. Notably, CpG islands are particularly 
nested in the P2 promoter and at the 3’ end of the gene, but 
are not found in the P1 promoter [14, 30], suggesting that 
CpG islands are not absolutely necessary for tissue-specific 
expression of RUNX1. As tissue-specific expression of 
RUNX1 is regulated by diverse specific elements or com-
plexes, the mechanism of positive or negative regulation of 
RUNX1 gene in specific tissues requires further research. 

3. RUNX1 ISOFORMS 

RUNX1 exhibits a complex pattern of expression, regu-
lated at the levels of transcription, splicing and translation 
[14]. The P1 and P2 derived RUNX1 transcripts are proc-
essed into a variety of alternatively spliced mRNA isoforms 
that are differentially expressed in different cell types and at 
different developmental stages. Therefore, the combination 
of alternative promoters and elaborate splicing alternatives 
results in generating different 5’UTRs and thus distinct N-
terminal coding regions which leads to production of a large 
number of isoforms with a variety of biological functions 
[25, 47-52].  

At present, four variants are known for RUNX1: 
RUNX1a, RUNX1b, RUNX1c, and RUNX1ΔN. In general, 
these different isoforms ranges in size between 20-52 kDa 
[14]. RUNX1a is translated by exons 2, 3, 4, and 5.1, its syn-
thesis is terminated within exon 5.2, and the protein has 250 
amino acids. RUNX1b contains 453 amino acids, which is 
translated by exons 2, 3, 4, 5.1, and 5.2, and the termination 
of synthesis occurs within exon 6. The RUNX1c isoform, a 
480-amino acid protein, is similar to the RUNX1b but has a 
longer 5’-terminal regions because its translation starts 
within exons 1 and 1.1. In the case of the RUNX1ΔN iso-
form, exons 3, 4, 5.1, and 5.3 are involved and its translation 
is terminated within exon 6. The above mentioned different 
RUNX1 isoforms coded by the different exons is referenced 
to the description by E.N. Markova [53]. While Zhang et al. 
[54] described that RUNX1a is translated by exons 3, 4, 5, 6 
and 7A, RUNX1b is coded by exons 3, 4, 5, 6, 7B and 8, 
RUNX1c is coded by exons 1, 2, 3, 4, 5, 6, 7B and 8, and 
RUNX1ΔN is translated by exons 1, 4, 5, 6, 7B and 8. The 
reason for this difference in exons description is that exons 
are not all identified at the same time. Exons 1-6 were the 
first to be described. New exons, such as 1.1 and 5.1, which 
were identified between the known ones, were named re-
cently. Therefore, the description made by E.N. Markova  
et al. was referenced in the structures of RUNX1gene in Fig. 
(1A) in this review.  
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Fig. (1). The structure of the RUNX1 gene and protein. (A) Expression of RUNX1 is initiated by the following two promoters: distal P1 

and proximal P2. Different mRNAs of RUNX1 are translated by different exons. （B）Alternative promoters and elaborate splicing alterna-

tives result in generating different 5’-untranslated regions (5’UTRs). （C）Four subtypes of the RUNX1 protein are composed of different 

combinations of domains that give rise to different features and functions. 

Two promoters of the RUNX1 gene produce different iso-
forms. The P1 promoter encodes RUNX1c, and the P2 pro-
moter encodes RUNX1a, RUNX1b and RUNX1ΔN [25]. 
The RUNX1a isoform retains the DNA-binding runt domain 
but lacks a large part of the C-terminal region. The RUNX1b 
is a full-size transcription factor and contains the runt do-
main and the C-terminal transactivation domains. RUNX1c, 
the longest isoform, has 27 more N-terminal amino acid 
residues than RUNX1b. The difference between RUNX1b 

and RUNX1c is that N-terminal 5-amino-acid sequence of 
RUNX1b is replaced by a different 33-amino-acid sequence 
in RUNX1c. The RUNX1ΔN isoform, 348 or 330 amino 
acids, is generated by an alternative splicing of RUNX1 
mRNA. This isoform has only half of the runt domain be-
cause it is truncated at the N end but contains the complete 
C-terminal region [14, 45, 52, 54, 55].  

The different RUNX1 isoforms are functionally different. 
For instance, RUNX1b and RUNX1c regulate transcription 
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of target genes by recruiting transactivation factors and in-
teracting with the runt domain-binding sites. RUNX1a and 
RUNX1ΔN, the shorter isoforms of RUNX1, commonly 
regulate transcription of target genes by acting as negative 
regulatory factors and by competing with the full-size tran-
scription factors. For example, the region between AML1ΔN 
amino acids 209 and 340, a sequestration site for positive 
factors, is primarily responsible for the inhibition of AML1 
activity [54]. In addition, RUNX1 acts differently in differ-
ent cell lines, activating the transcription of a target gene in 
some cells while suppressing it in other cells. For instance, 
RUNX1 promotes PU.1 expression in myeloid cells and B 
lymphocytes, but inhibits PU.1 expression in T cells, 
erythroid cells, and megakaryocytes [56].  

4. EXPRESSION OF RUNX1 IN THE LUNG  

In the mouse, RUNX1 expression in the embryo was first 
detected in definitive hematopoietic stem cells (HSC) and in 
the endothelial cells at HSC emergence sites. Studies on 
mouse models have shown that homozygous disruption of 
RUNX1 between E11.5 and E12.5 results in death of em-
bryos because of a complete absence of hematopoiesis [4, 
19]. Conditional knockout of RUNX1 in mice demonstrated 
that RUNX1 is not absolutely required for hematopoiesis, 
although the results showed an 80% reduction in platelets 
and a decrease in megakaryocyte numbers [57]. However, 
over the past few decades, RUNX1 expression in non-
hematopoietic tissues has not been thoroughly investigated 
and rare study linked the RUNX1 to respiratory system. In 
2001, immunohistochemistry staining showed that RUNX1 
was expressed in multi-organs, including liver, thymus, ol-
factory mucosa of the nasal cavity, palatal ridges, mucosa of 
the esophagus, stomach, as well as the bronchi and respira-
tory in murine at E14.5-E16.5 [10]. This study fully demon-
strated RUNX1 was expressed in both epithelium and mes-
enchyme of mice during embryogenesis. Hereafter, in 2011, 
Haley, K. J found that RUNX1 is highly expressed in devel-
oping human lung. In this study, RT-qPCR and immu-
nostaining were used to assess the expression of RUNX1 in 
20 samples of developing human lung obtained from dis-
carded surgical material. The findings demonstrated that 
RUNX1 is highly expressed in the human lung at both the 
pseudoglandular and canalicular stages of fetal lung. Double 
staining with an epithelial cell marker confirmed that the 
immunopositive cells were located predominantly in carti-
lage and epithelium [58], indicating that the pattern of 
RUNX1 expression in developing human lung is similar to 
that observed in murine. To further demonstrate the levels of 
RUNX1 in the respiratory epithelial cells, RUNX1 expres-
sion in lung tissues was assessed in both fetal and postnatal 
mice. We further observed that RUNX1 was expressed in 
both respiratory epithelial cells and non-epithelial cells at 
E18.5, postnatal 1 day and 8 weeks. RUNX1 protein was 
higher (4.6-fold) in the adult lung than that in E18.5 [59]. 
RUNX1 staining was located in both mesenchymal and 
epithelial cell compartments of the developing and postnatal 
lung [59]. According to the diverse functions of RUNX1, it 
is reasonable to speculate that RUNX1 in respiratory epithe-
lial cells may have a certain role in pulmonary diseases.  

5. RUNX1 AND NF-κκB SIGNALING PATHWAY IN 

PULMONARY INFLAMMATION  

RUNX1 is a highly conserved transcription factor that 
modulates the embryological development, epithelial cells, 
angiogenesis, hematopoiesis, immune responses and the in-
flammatory response [6]. Although it is expressed in epithe-
lial cells in both fetal and postnatal lung, the role of RUNX1 
in lung morphogenesis and/or homeostasis are largely un-
known at the present. The first research on the potential role 
of RUNX1 in postnatal pulmonary homeostasis was a recent 
study linking airway hyper-responsiveness to the pathogene-
sis of asthma [58]. The study showed that maternal smoke 
exposure increased the expression of RUNX1 during human 
fetal lung development. However, the author in this study 
only indicated a phenomenon without fully illustrating the 
mechanism because of the limitation of human studies. 
However, this study still reminds us that RUNX1 may play a 
role in lung diseases.  

The RUNX1 gene has come to prominence because of its 
role as an essential regulators of cell fates in development 
and its paradoxical effects in disease. In 2011, Masahiro Na-
kagawa et al. demonstrated the relationship between RUNX1 
and the NF-κB signaling pathway. They found that RUNX1 
inhibits NF-κB signaling in the hematopoietic cells by using 
homozygous RUNX1 floxed mice (RUNX1 f/f) and Mx-
Cre-expressing homozygous AML1 floxed mice. This re-
pression is achieved by inhibition of the kinase activity of 
IKK through physical interaction between RUNX1 and IKK 
in the cytoplasm [60], demonstrating that RUNX1 can act as 
a cytoplasmic attenuator of NF-κB signaling in the hema-
topoietic cells. However, Maocai Luo et al. recently reported 
that RUNX1 interacted with the NF-κB subunit p50 in 
macrophages and thus deteriorates septic shock by enhancing 
TLR4-triggered inflammation. Silencing of RUNX1 attenu-
ated the LPS induced IL-1β and IL-6 production levels and 
overexpression of RUNX1 promoted IL-1β and IL-6 produc-
tion in macrophages in response to LPS stimulation [61], 
indicating that RUNX1 acts as a enhancer of NF-κB signal-
ing in macrophages. In conclusion, these studies indicated to 
us that RUNX1 may play different roles in different cells. 
Respiratory epithelium has a remarkable capacity to respond 
to acute lung injury and plays important roles in repair of the 
airway after injury. Therefore, it is necessary for us to inves-
tigate the function of RUNX1 in respiratory epithelial cells.  

In our study, the RUNX1 gene was efficiently deleted 
from respiratory epithelial cells to produce RUNX1 condi-
tional knockout mice. To determine whether RUNX1 modu-
lates the fetal lung development, lungs from RUNX1 condi-
tionally knockout mice were harvested at E18.5. Although 
lung maturation was delayed, RUNX1 conditional knockout

 

mice survived postnatal and subsequent growth and matura-
tion of the lung proceeded normally, proving that RUNX1 is 
not absolutely required for lung morphogenesis during em-
bryonic periods. Acute lung injury (ALI) and acute respira-
tory distress syndrome (ARDS) are devastating clinical prob-
lems with high mortality [62], characterized by diffuse dam-
age to the alveoli resulting in disruption of the endothelial 
and alveolar epithelial barriers causing microvascular per- 
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meability, with protein-rich pulmonary edema [63]. The role 
of RUNX1 in respiratory epithelial cells during ALI or 
ARDS has not been reported so far. To better understand the 
function of RUNX1 in ALI, RUNX1 knockout mice and 
control mice were exposed to lipopolysaccharide (LPS), an 
inflammatory stimulus, by intra-tracheal instillation. After 
LPS exposure, increased respiratory distress, inflammation, 
and pro-inflammatory cytokines were observed in the 
RUNX1-deleted mice [59], demonstrating RUNX1 deletion 
in alveolar epithelial cells enhanced pulmonary inflammation 
following exposure to LPS. These findings provide insights 
into the relationship between the expression of RUNX1 in 
respiratory epithelium and ALI or ARDS, and reveal a pro-
tective role of RUNX1 in respiratory epithelial cells. 

Previous studies have reported that RUNX1 can regulate 
inflammation response through regulating the NF-κB signal-
ing pathway. NF-κB signaling is also a key regulator of LPS-
induced pulmonary inflammation during ALI. Therefore, it is 
important to understand the relationship between RUNX1 
and NF-κB signaling in ALI. We found that the conditional 
deletion of RUNX1 in alveolar epithelial cells resulted in 
activation of NF-κB signaling as early as E18.5 and that 
RUNX1 suppressed NF-κB activation through interaction 
with IKKβ in cytoplasm of respiratory epithelial cells  
(Fig. 2) [59]. The results are similar to those observed in 
hematopoietic cells by Masahiro Nakagawa [60], indicating 

that RUNX1 might also act as a cytoplasmic attenuator of 
NF-κB signaling in respiratory epithelial cells. However, the 
study only investigated the regulation of RUNX1 on one 
side. RUNX1 usually plays a dual role in a disease. RUNX1 
can act as activator or repressor of target genes expression 
depending upon the large number of transcription factors, 
activators and repressors that interact with it. This study 
demonstrated the function of RUNX1 in the cytoplasm, but 
did not investigate the transcriptional regulation of RUNX1 
in the nucleus of respiratory epithelial cells.  

CONCLUSION 

The RUNX1 gene has two promoters coding four differ-
ent isoforms with distinct amino-terminal sequences. Tissue-
specific expression of RUNX1 genes is tightly regulated at 
the transcriptional and post-transcriptional levels, but the 
molecular mechanisms that control the spatial and temporal 
patterns of RUNX1 expression are still not clear. RUNX1 is 
expressed in both mesenchymal and epithelial cell compart-
ments of the developing and postnatal lung. Recent studies 
provide insights into a relationship between RUNX1 and 
ALI/ARDS. RUNX1 binds IKK in the cytoplasm to inhibit 
NF-κB activity that serves to modulate the innate immune 
response in the airway. Maintaining precise intracellular lev-
els of RUNX1 in respiratory epithelial cells may be impor-

 
Fig. (2). RUNX1 acts as a cytoplasmic attenuator of NF-κB signaling in respiratory epithelial cells. After respiratory epithelial cells 

exposure to LPS, RUNX1, the nuclear transcription factor, translocates from the nucleus to the cytoplasm, and competitively binds to IKKβ 

to form complexes, which resulted in partly inhibiting of the activation of the NF-κB signaling pathway (left). The loss or inhibition of 

RUNX1 expression in respiratory epithelial cells can enhance LPS induced inflammatory response by promoting the activation of NF-κB 

signaling (right). 
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tant to the pathogenesis of ALI/ARDS. However, the roles of 
RUNX1 in regulating other pulmonary diseases are still 
largely unknown at present.  
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