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Abstract

The Runt related transcription factors (RUNX) are recognized as key players in suppressing
or promoting tumor growth. RUNX3, a member of this family, is known as a tumor suppressor
in many types of cancers, although such a paradigm was challenged by some researchers. The
TGF-p pathway governs major upstream signals to activate RUNX3. RUNX3 protein consists
of several regions and domains. The Runt domain is a conserved DNA binding domain and
is considered as the main part of RUNX proteins. Herein, we compared the effects of Runt
domains and full-Runx3 in cell viability by designing two constructs of Runx3, including
N-terminal region and Runt domain. We investigated the effect of full-Runx3, N-t, and RD on
growth inhibition in AGS, MCF-7, A549, and HEK293 cell lines which are different in TGF-§
sensitivity, in the absence and presence of TGF-B. The full length RUNX3 did not notably
inhibit growth of these cell lines while, the N-t and RD truncates showed different trends in
these cell lines. Cell proliferation in the TGF-§ impaired context cell lines (AGS and MCF-7)
significantly decrease while in the A549 significantly increase. On the other hand, transfection
of N-t and RD did not considerably affect the cell proliferation in the HEK293.Our results show
that full-lenght RUNX3 did not affect the cell viability. Conversely, the N-t and RD constructs
significantly changed cell proliferation. Therefore, therapeutic potentials for these truncated
proteins are suggested in tumors with RUNX proteins dysfunction, even in the TGF- impair
context.
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Introduction

The Runt related proteins (RUNX) are
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transcription factors with crucial roles in
orchestrating the cell proliferation and
differentiation in all stages of cell growth and
development. Moreover, these proteins are known
as key players in suppressing or promoting tumor
growth (1-4). These transcription factors are



context dependent in regulation of target genes.
In fact, RUNX acts as a scaffold, employing other
cofactors to activate or repress the promoter of
interest. Thus, the consequent effect of RUNX on
the cell proliferation and differentiation depends
on the presence or absence of other cofactors in
the cell-context (5-7). In mammals, three RUNX
genes have been identified, including RUNXI1,
RUNX2 and RUNX3. RUNX3 is known as an
important tumor suppressor in many types of
cancers (8-13).The tumor suppressor role of
RUNX3 was first reported by Ito and colleagues
in 2002 (8) and many other papers have further
supported this claim although such a paradigm
was challenged afterwards by Groner team and
other groups (14-16). Despite this discrepancy,
it has been appeared that exogenous expression
of the RUNX3 in tumor cells induces apoptosis
and cell cycle arrest, reduces tumor bulk and
vascularity, inhibits metastasis, and increases
sensitivity of tumor cells to the chemotherapy (8,
17-20). RUNX3 orchestrate tumor suppression
in a various signaling pathway crosstalk. When
RUNX3 is in its inactive form, the Runt domain,
and activation domain are masked by inhibitory
regions and domain, while some signaling
pathways, including TGF-B, which is one of the
most crucial pathways, activate RUNX3 through
certain cofactors and change the conformation of
it. So that the RD and AD are exposed to DNA
and other cofactors (5, 21, 22). In this pathway
SMADs and RUNX3 have close cooperation to
induce the expression of genes which is involved
in apoptosis or cell cycle arrest. Accordingly, In
many experiments the co-expression of SMAD3
or SMAD4 (the important proteins in TGF-B
signaling) or TGF-f with RUNX3 has been
exploited to reinforce RUNX3 efficiency in
inhibition of tumor growth (23). In many tumors
TGF-pB pathway is impaired by inactivation of
some component in this cascade (24-26). Hence,
in such tumors, RUNX3 could not be introduced
as a potential therapeutic agent.

RUNX3 with 415 amino acids consists of
several domains, each of which interacts with
various proteins to regulate RUNX activity in a
spatio-temporal manner. The Runt domain (RD)
which is located in the N-terminal part of RUNX
proteins is a conserved DNA binding domain
(128aa) with more than 90% identity among three
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RUNX genes, which binds to a specific motif in
DNA (27). At the C-terminal, the most important
regions include the transactivation domain (AD)
and inhibition domain (ID). Transactivation
domain binds to different cofactors and makes
various combinations of transcription factors
for activation of specific promoter. Inhibition
domain lies in the C-terminal of activation
domain and inhibits RUNX3 activity by
masking the activation domain or binding to
some inhibitory proteins (5, 7, 23, 28-31).The
Runt domain as a conserved DNA binding
domain has been considered the main part of
RUNX proteins since, only this part binds to a
specific motif in DNA (32). Furthermore, Runt
domain contributes to nuclear localization and
is able to translocate to the nucleus and bind to
DNA with stronger affinity compared to the full
protein (29).

Of further relevance, it is possible to assume
that N-terminal region and Runt domain of the
full protein, which do not contain inhibition
domain or negative regulatory region are capable
to inhibit cell growth in the absence of activating
pathways. To address this hypothesis, we
investigated the role of N-terminal region of the
RUNX3 protein in tumor growth suppression by
constructing two truncated forms of the Runx3:
N-terminal region (1-187aa), and Runt domain
(54-187) (Figure.1l). Since TGF-B is known as
an important factor for RUNX3 activation, we
investigated the effect of full-Runx3, N-t, and
RD on growth inhibition in AGS, MCF-7, A549,
and HEK293 cell lines which are different in
TGF- B sensitivity, in the absence or presence of
TGF- B.

Our findings indicate that in the absence and
presence of TGF-B exogenous RUNX3 could
not provoke notable cell death in different cell
lines, whereas the N-t (1-187) and RD (54-
187) constructs, did significantly inhibit cell
proliferation in AGS and MCF-7 cell lines with
impaired TGF-f pathway.

Experimental

Cell culture and transfection

The human gastric adenocarcinoma AGS
cell-line (Pasteur Institute Cell Bank, Iran),
human embryonic kidney HEK 293 cell-
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Figure 1. .Schematic illustration of the structure of full-length RUNX3(4) and its deletion derivatives. The numbers represent the
positions of amino acids. AD: transcription activation domain, ID: transcription inhibition domain, NLS: nuclear localization signal.

line(C10139,IBRC, Iran), and human breast
adenocarcinoma MCF-7 cell-line (DSMZ,
Braunschweig, Germany) were cultured and
maintained in RPMI-1640 medium (Euroclone,
EU).The human lung carcinoma A549 cell
line (C10080, IBRC, Iran) was cultured
and maintained in DMEM (Euroclone, EU)
containing 10% FBS (Fetal Bovine Serum)
(Gibco, UK) and 1% penicillin-streptomycin
(Biosera, UK) in a humidified atmosphere at 37
°C and 5% CO,. Cells were seeded for 24h prior
to transfection to reach 70-90% confluency. After
24 h. the cell lines were transiently transfected
with PolyFect® transfection reagent (Qiagen,
Germany) according to the manufacturer’s
instructions.

Human recombinant TGF-§ 1 was purchased
from AbcamBiotech (Cambridge, UK). Twenty-
four h. after transfection, the medium were
exchanged in the absence or presence of 10ng/
mL of TGF-p.

Plasmid Constructs

The type I isoform of full-length RUNX3
(NM_004350) and RUNX3 truncated mutants,
N-t (1-187) and RD (54-187) were amplified
by PCR with a C-terminus Histidin-tagged

Table 1. Primers for PCR amplifications of RUNX3 constructs.

and cloned into the pcDNA3 vector. The final
constructs were verified by restriction enzyme
digestion and sequencing. The primer sequences
have been shown in table 1.

Cell Proliferation Assay

To determine the effects of RUNX3 and its
constructs on cell proliferation, MTT assay was
carried out in three independent experiments.
The cells were seeded in 96-well plate at
2x10* cells per well in quadruple. Following
24 h. incubation, cells were transfected using
PolyFect®. Cell viability was measured
using MTT 3-(4, 5-dimethylthiazol-2-yl) 2,
5-diphenyltetrazolium  bromide (0.5mg/m),
24 and 48 h. after transfection. The formazan
crystals were formed after incubation for 4 h. at
37 °C and then dissolved in DMSO. The optical
density (OD) was measured using microplate
reader (BioTek, USA) at 570 nm, with 690 nm as
a reference wavelength. The change in viability
was calculated as percent viability compared to
that of the control group (empty vector).

Statistical analysis
All data were presented as mean = SEM
(three independent experiments, n=3). The

PCR Product Name Forward/Reverse Primer Sequence

RUNX3, N-t (1-187) Forward 5'-AAGGAAAGAATTCGAACCATGCGTATCCCCGTAGAC-3"

RD (54-187) Forward 5'-AGTGGGTACCATGCACGCAGGCGA-3’

RUNX3 Reverse 5'-AATCTAGATCTCAATGATGATGATGATGATGGTGAGGCCG-3"
N-t (1-187), RD (54-187) Reverse 5-ATTTGCGGCCGCATTAGTGGTGGTGGTGATGGTGCAGCTTCTG-3"
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Figure 2. AGS cells were transfected by Polyfect reagent using different number of cells and different amount of EGFP-plasmid and
Polyfect reagent. Twenty-four h. after transfection cells were examined for transfection efficiency by fluorescence microscopy.

results were analyzed using one-way ANOVA
following Tukey post-test. P-values< 0.05 were
regarded as statistically significant.

Results

Assessment of Transfection efficiency

The conditions of transfection were
optimized by changing the number of cell
plated, amount of plasmids and Polyfect reagent.
The efficiency of transfection was assessed by
transfection of pcDNA3-EGFP to the cells.
The transfected cells, were evaluated 24 h.
and 48 h. after transfection for the expression
of EGFP by fluorescence microscopy.
Figure 2 shows the effect of different condition
of transfection (amount of cell, plasmid and
Polyfect) on EGFP expression in AGS cell
line. Based on EGFP expression results, the
optimized condition including 120000 -cells,
1.6 pg DNA and 8 pL Plyfect in a well of 24-
well cell culture plate were used for subsequent

transfections.

Cell Proliferation Analysis of AGS, HEK,
A549, and MCF-7 in the Absence and Presence
of TGF-f

The effects of full-RUNX3, N-t and RD
constructs on cell proliferation in the absence
or presence of TGF-B was carried out in AGS,
MCF-7, A549, and HEK 293 cell lines. These
cell lines are different in the functionality of
TGF-B pathway. AGS cell line is resistant to
TGF-B, whereas MCF-7, A549, and HEK 293
cell lines are sensitive to TGF-f (33-35).

In our results, the RUNX3 did not notably
induce growth inhibitory effects in all applied cell
lines in the presence or absence of TGF-f (Figure
3). These findings are in contrast to previous
studies indicating the growth inhibitory effect of
RUNX3 in these cell lines (36-38). On the other
hand, truncated forms of RUNX3 displayed
different patterns of proliferation in each cell-
line. In AGS cell line the N-t (1-187) and RD
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Figure 3. Effect of full-RUNX3 on Cell Viability in the Absence and Presence of TGF-B in AGS, MCF-7, A549, and HEK cell lines.
Cells were transfected with RUNX3. Twenty-four after transfection, the medium of the transfected cells was exchanged in the absence or
presence of 10ng/mL TGF-f. After 48 h. cell proliferation was evaluated by MTT assay. Empty vector (pcDNA3) was used as a control.

Data presented as Mean = SE of three independent experiments

(54-187) constructs significantly inhibited cell
proliferation, however, the presence or absence
of TGF-P did not cause any significant difference
in this cell-line (Figure 4a). In MCF-7 cell-line,
in the absence and presence of TGF-f3, the N-t
and RD constructs decreased cell proliferation.
These effects were higher in the absence of
TGF-pB (Figure 4b). In A549, in the absence of
TGF-B, the N-t, and RD constructs increased cell
proliferation about 40% and in the presence of
TGF-B, none of the constructs could show any
difference in comparison with the control (Figure
4c). In HEK cells, in the absence of TGF-f, the
N-t, and RD constructs slightly increased cell
proliferation, while in the presence of TGF-,
the growth pattern was changed, leading to a
mild decrease in cell proliferation (about 10%)
in (Figure 4d).

Discussion

Previous studies have pointed to the growth
inhibitory effect of RUNX3 in different cell
lines, including AGS, MCF-7, A549, and HEK
293(36-38). However, with regard to our results,
the RUNX3 did not notably induce growth
inhibition in these four cell lines in the presence
or absence of TGF-p (Figure 3). Furthermore,
the N-t and RD truncates showed different trends
in these cell lines. Cell proliferation in the AGS
and MCF-7 significantly decrease while in the

A549 significantly increase. On the other hand,
transfection of N-t and RD did not considerably
affect the cell proliferation in the HEK293.

Given the above mentioned results stated
thus far, a number of questions are rising:

1. Why RUNXS3, which is known as an
important tumor suppressor, does not
exert any notable growth inhibitory effect
in our cell lines?

2. Why N-t and RD constructs have a
significant effect on cell proliferation,
while the full-RUNX3 does not exert a
such effect?

3. Why N-t and RD constructs provoke
divergent effects on each cell-line?

4. Why each cell-line shows different
behaviour in the presence of TGF-B?

For the first time, Ito team established that
Runx3 was expressed in the glandular stomach
epithelial cells, and Runx3 null gastric mucosa
developed hyperplasia owing to the promotion
of proliferation and suppression of apoptosis
in epithelial cells. Consequently, they proposed
that RUNX3 is a tumor-suppressor gene
causally involved in gastric carcinogenesis
(8). After publishing these data, many other
papers substantiated the onco-suppressory
role for RUNX3 in gastric and other tissues.
By contrast, Groner team, which are pioneer
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Figure 4. Effect of RUNX3, N-t, and RD on Cell Viability in the Absence and Presence of TGF-f. Cells were transfected with RUNX3,
N-t, and RD. Twenty-four h. after transfection, the medium of the transfected cells was exchanged in the absence or presence of 10ng/
mL TGF-. After 48 h. cell proliferation was evaluated by MTT assay. a) AGS b) MCF-7 ¢) A549 d) HEK293cell line. Empty vector
(pcDNA3) was used as a control. Data presented as Mean + SE of three independent experiments (n=3, * and # p<0.05, ** and ## p<0.01,
***kand #### p<0.001). The sign of * correspond with construct vs pcDNA3 and the sign of # correspond with comparison of the same

construct with and without TGF-p.

in RUNX researches ruled out Ito’results.
They generated RUNX3 -/ mice, which did
not show any early-onset gastric hyperplasia
and did not develop gastric carcinoma (14, 39,
40). They also assessed RUNX3 expression by
various techniques, including IHC with eight
different anti-RUNX3 antibodies and showed
that RUNX3 was not even transiently expressed
at any time point in the gastrointestinal (GI)
tract epithelium (14). Furthermore, in their
previous study of RUNX expression pattern
during embryogenesis, they demonstrated that
Runx3 expression was confined to mesenchymal
elements, whereas Runx1 was expressed in both
epithelium and mesenchyme cells (41). They
concluded that absence of RUNX3 expression
in normal epithelium undermines the tumor
suppressor role for RUNX3. This paradigm
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was supported by Cravalho et al., who likewise
reported lack of RUNX3 expression in human
normal GI tract epithelium (16). Moreover,
Friedrich et al. examined RUNX3 expression
in gastric biopsies from 105 patients. The IHC
results indicated RUNX3 protein expression only
in infiltrating leukocytes, but not in the gastric
epithelium (15). Additionally, Ito’s lab could not
repeat their results on RUNX3-lacZ staining in
GI tract (42). All the cell lines we used in this
study are epithelial cells. Considering Groner’
results, RUNX3 is not expressed frequently in
epithelial cells and hence, we cannot anticipate
a tumor suppressor role for RUNX3 in these cell
lines. On the other hand, RUNX is not merely a
strong transcription factor, rather it can recruit
other cofactors to exert its function as a scaffold
(5). This notion can partly justify why we did
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not observe any significant effect of RUNX3 on
cell proliferation. If so, one can ask why the N-t
and RD constructs of RUNX3 have significant
effects on cell proliferation, while the full-
RUNX3 does not induce such effect.

The Runt domain is a conserved DNA
binding domain (128aa) with more than 90%
identity among three RUNX genes. This domain
is considered as the main part of RUNX proteins
since, only this part binds to a specific motif
in DNA (32). Furthermore, Runt domain also
contributes to nuclear localization and is able
to translocate to the nucleus and bind to DNA
with stronger affinity compared to the full
protein (29). Although the activation domain
is responsible for modulating RUNX function
through interaction with certain cofactors, the
exposed Runt domain by itself can interact with
many cofactors, including Ets, C/EBP, and cbfb
which consequently can regulate a number of
RUNX functions regarding the cell context (5,
43, 44). Accordingly, the N-terminal constructs
of the RUNX can interfere with the activity of
all three mammalian RUNX proteins due to its
high identity among three RUNX genes as well
as its higher affinity for the consensus DNA
binding site. Considering these data, the N-t
and RD might bind to all three RUNX proteins’
DNA binding site and interfere with or mimic
the activity of RUNX1 and RUNX2 in addition
to the RUNX3.

RUNX transcription factor participates in
some biological activities of TGF-B signalling
(45). TGF-p signalling pathway has a major
role in the regulation of cell proliferation and
differentiation which includes both tumor-
suppressor and proto-oncogene arms. Even in
the same cells, the response of TGF-f pathway
differs depending on the environmental factors
and cellular context. Hence, TGF- may act as
tumor suppressing or tumor promoting factor
in cancer development. It has been generally
established that TGF-B is a tumor-suppressor
in the early stages of carcinogenesis, whereas
is a tumor-promoter at late stages in tumor
progression (46-48). RUNX proteins take part
in both arms of the TGF—B pathway (45, 49). In
fact, RUNX proteins show context-dependent
manner in cell proliferation and differentiation;
thus, are either proto-oncogenes or tumor-

suppressors regarding their context (50).

Given the notion that the AGS cell-line is
resistant to TGF-f, as anticipated, the presence
or absence of TGF-f did not significantly alter
cell proliferation in AGS transfected cells.
Moreover, in this cell-line, the N-t and RD could
significantly decrease cell proliferation (Figure
4a). It is known that RUNXI is expressed in
gastric epithelial cells and functions as a tumor-
suppressor in gastric cancer cells (51). It is
possible that these two truncated forms mimic
the RUNXI1 function in this context. Since AGS
is resistant to TGF-f, this effect is likely due to
other pathways that RUNX takes part in, such
as FOXO and Wnt signalling (52, 53). Similar
to gastric epithelium, RUNXI1 is expressed
in breast epithelial cells and acts as a tumor
suppressor in breast cancer(3, 54). In MCF-7
cell-line, the N-t and RD constructs considerably
decreased cell proliferation in the absence of
TGF-B, while the interaction of TGF-B with
these constructs reduced their inhibitory effect
(Figure.4b). This means that in the presence of
TGF-B, these truncated forms simultaneously
show negative and positive levels of regulation
in cell proliferation through different signalling
pathways. In ERa-positive breast cancer cells
like MCF-7, the tumor suppressor arm of
TGF-B is impaired while, the proto-oncogene
arm is functional; thus TGF-f promotes tumor
development (34). RUNX1 in TGF-f signalling
pathway can participate in both tumor-suppressor
and tumor-promoter arms. Additionally, RUNX1
can exert the tumor suppressor role in breast
cancer through other pathways, such as FOXO
(34, 55). Consequently, the N-t and RD truncates,
like RUNX1 can perhaps take part in pathways,
such as FOXO in the absence of TGF-f, while in
the presence of TGF-B, beside FOXO pathway,
can play a weaker role in tumor-promoter arm
of TGF-p.

Interestingly, the N-t and RD constructs
could notably provoke cell proliferation in A549
cells (Figure 4c). Consistent with this finding,
it has been reported that RUNX2 plays pivotal
role in tumorogenicity in non-small cell lung
cancer (NSCLC) (56, 57). Hence it is tempting
to speculate that the N-t and RD perhaps mimic
the RUNX2 function in NSCLC A549 cell
line. On the other hand, the effect of these two
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constructs was completely blocked by TGF-f.
In line of our result, Kang er al.(58) have
demonstrated that TGF-p can block RUNX2
function, which can justify our results. HEK is a
non-tumorogenic embryonic cell-line possessing
the intact signalling network for RUNX and
TGF-B pathways. Consequently, transfection of
N-t and RD did not considerably affect the cell
proliferation either in the presence or absence of
TGF-B (Figure 4d).

Conclusion

Whiles RUNX3 cannot notably suppress
cancer cell proliferation; the N-t and RD
constructs significantly suppress cell growth
even in the TGF-P impaired context of AGS and
MCF-7 cell lines. The N-terminal constructs of
RUNX3 (N-t and RD) contain the conserved
Runt domain with more than 90% identity
among RUNX genes. Consequently, they might
mimic the activity of all three mammalian
RUNX proteins. Since many tumors are
resistant to TGF-P, therapeutic potentials for
these truncated proteins are suggested in tumors
with TGF-f impairment and RUNX proteins
dysfunction. These truncated RUNX3 proteins
could be utilized in gene therapy or designing
small molecule inhibitors (59). However the
cellular context and environmental factors can
influence on the regulation of RUNX target
genes. Therefore, to further explore the use of
these truncated forms of RUNX proteins in
cancer therapy, one should propel the research in
the context of tumors and its cellular signalling
conditions using high-throughput techniques
and system biology.
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