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Abstract
We have recently shown that the anthrax lethal toxin (LeTx) selectively represses nuclear hormone
receptors. In the current studies, we found that LeTx repressed activation of the MMTV promoter
related to over-expression of the transcription factors, HNF3, Oct1 and c-Jun. LeTx transcriptional
repression was associated with a decrease in protein levels of these transcription factors in a lethal
factor (LF) protease activity dependent manner. Early administration of LeTx antagonists partially
or completely abolished the repressive effects of LeTx. In contrast to the rapid cleavage of MAPKKs
by LeTx, the degradation of these transcription factors occurred at a relatively late stage after LeTx
treatment. In addition, LeTx repressed phorbol 12-myristate 13-acetate (PMA) -induced MMTV
promoter activity and PMA-induction of endogenous c-Jun protein. Collectively, these findings
suggest that transcription factors are intracellular targets of LeTx and expand our understanding of
the molecular action of LeTx at a later stage of low-dose exposure.
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Introduction
Bacillus anthracis secretes three proteins, protective antigen (PA), lethal factor (LF) and edema
factor (EF), which individually are nontoxic. One of these proteins, PA, binds to cellular
receptors, is cleaved by a furin-family protease into a 63 kDa fragment that oligomerizes on
the cell surface to form a heptamer. This fragment then binds and transports the two other
proteins, lethal factor (LF) and edema factor (EF) into the host cell cytoplasm (reviewed in1–
4). PA and EF together comprise the edema toxin; likewise, PA and LF together form anthrax
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lethal toxin (LeTx). LeTx is known to be the major cause of anthrax pathogenesis3; 5 and LeTx
alone is sufficient to cause death when injected intravenously into laboratory animals.6

Although the endocytic transportation process is well documented, the mechanism of
intracellular LF action is poorly understood. LF is a metalloprotease that cleaves and inactivates
members of the mitogen activated protein kinase kinase (MAPKK/MEK) family7–12 and
causes rapid lysis in macrophages of some inbred mouse strains.12 However, the fact that LeTx-
resistant and -sensitive cells and mice show similar MAPKK/MEK cleavage in response to LF
suggests that the cleavage of MAPKK/MEK cannot alone account for differential susceptibility
or resistance to the toxin.9; 10 It is also noteworthy that the majority of LeTx studies focused
on the early responses of host cells or animals within two hours after exposure to lethal or sub-
lethal doses of the toxins.13–15 The molecular actions of LeTx at later stages of low-dose
exposure are less well studied.

We have recently shown that LeTx selectively represses nuclear hormone receptors including
the glucocorticoid receptor (GR).16; 17 We postulate that this effect might have an impact on
the health of the infected individual/animal, since a fully functional hypothalamic-pituitary–
adrenal (HPA) axis and resultant glucocorticoid responses are critical for survival from a
number of inflammatory and infectious insults and impaired HPA axis responsiveness is
associated with enhanced susceptibility to these diseases.18–25 Our studies also showed a
differential effect of LeTx on nuclear hormone receptor repression when comparing a complex
promoter such as the mouse mammary tumor virus (MMTV) promoter to a simple reporter
driven by a glucocorticoid response element (GRE). In addition, we also demonstrated that
LeTx prevents GR-DNA binding in vitro without loss of GR numbers or loss of nuclear
translocation, suggesting that other accessory proteins might be targets for LeTx.16; 17

Transcriptional regulation of genes is a complicated process, which not only involves the target
gene promoters, but also implicates the recruitment of intermediate factors, co-activators and
proteins of the general transcriptional machinery.26–28 The long terminal repeat (LTR) of the
proviral DNA of MMTV is a widely studied GR regulated promoter. Transcription of the
MMTV LTR is induced by several classes of steroid hormones including glucocorticoids,
progestins and androgens.29–31 The LTR of the MMTV promoter used in our previous studies
also contains binding sites for other transcriptional factors that are known to activate the
MMTV promoter.30; 32; 33 These include hepatocyte nuclear factor 3 (HNF3),34 the octamer-
binding protein 1 (Oct1),35; 36 and activator protein 1 (AP-1) (which consists of c-Jun and c-
Fos).35; 37 These transcription factors enhance the basal transcriptional activity of the MMTV
promoter34; 38 and, as such, are potential targets of LeTx that might result in or enhance the
transcriptional repression of the MMTV promoter described in our previous reports.16; 17 The
current studies were performed to investigate whether such transcription factors are involved
in the LeTx repression of MMTV transcription.

In agreement with the scientific literature, our current study shows that over-expression of
HNF3, Oct1 and AP-1 increases activity of the MMTV promoter. In addition, LeTx repressed
this transcription factor-enhanced MMTV promoter activity. The transcriptional repression by
LeTx was associated with a decrease in protein levels of these transcription factors at relatively
later stages after LeTx exposure. The proteolytic inactive LF mutant did not repress activation
of the MMTV promoter by these transcription factors and had no effect on protein expression
indicating that these effects of LeTx are LF protease activity dependent. These findings suggest
that these transcription factors are intracellular novel targets of LeTx and expand our
understanding of molecular action of LeTx at a relatively late stage of exposure.
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Results
LeTx represses transcription factor enhanced basal transcriptional activity of the MMTV
promoter

In order to investigate whether other transcription factors are involved in LeTx repression of
the MMTV promoter, Cos7 cells were transient transfected with the full-length MMTV LTR
and various transcription factors that are known to bind to this promoter. As shown in Fig. 1a,
transiently transfected HNF3 increased basal MMTV promoter activity in a dose-dependent
manner (open bars) and this increased transcriptional activity of the MMTV promoter was
significantly repressed (30–50%) by LeTx (10 ng/ml LF + 500 ng/ml PA) (solid bars).
Similarly, transiently transfected Oct1 (Fig. 1b), c-Jun (Fig. 1c), and AP-1 (c-Jun and c-Fos)
(Fig. 1d), but not c-Fos alone (data not shown), also increased basal MMTV activity. LeTx
significantly repressed MMTV promoter activity induced by these transcription factors. These
data illustrate that LeTx represses induction of the MMTV promoter by other transcription
factors in addition to nuclear hormone receptors.

LeTx represses PMA-induced AP-1 activation of the MMTV promoter
In order to determine if LeTx is able to repress transcription factor-induced activation of the
MMTV promoter as well as basal activity, the effect of LeTx on PMA activation of AP-1 (c-
Jun/c-Fos) was tested in the presence or absence of LeTx (10 ng/ml LF + 500 ng/ml PA). As
shown in Fig. 2, PMA induced AP-1 activation of the MMTV promoter in a dose-dependent
manner (open bars). LeTx significantly repressed PMA-induced AP-1 activity (solid bars).
These data indicate that LeTx represses activated transcription factor induction of the MMTV
promoter, as demonstrated through PMA induction of AP-1.

LeTx repression of gene activity is protease dependent
The proteolytic activity of LF is vital for the lethal activity of LeTx observed in cultured cells
and in animals.8 Several types of inhibitors, including small peptide substrates (e.g. IN-2-LF),
7; 39–41 inhibitors of furin (e.g D9R- (D-Arg)9-NH2)40 and anti-serum against PA or LF have
been found to efficiently prevent the toxicity of LeTx.42–44 To test whether the proteolytic
function of LF is required for LeTx repression of transcription factor-mediated activation of
the MMTV promoter, the effects of a proteolytically inactive mutant of LF (E687C) plus PA
(m-LeTx)7 and inhibitors of LeTx39; 40; 43 were tested. Cos7 cells were transiently transfected
with pGL3-MMTV-luc, and Oct1, c-Jun or HNF3 expression plasmids and treated with wild
type LeTx (10 ng/ml LF + 500 ng/ml PA) plus various combinations of LeTx inhibitors or m-
LeTx (10 ng/ml mutant LF (E687A) + 500 ng/ml PA) alone. As shown in Fig. 3a, LeTx
significantly repressed (about 50%) Oct1-induced MMTV promoter activity, whereas the
proteolytically inactive m-LeTx did not repress Oct1-induction of MMTV activity. In addition,
the small peptide inhibitor IN-2-LF (L-I1) partially reversed and a combination of inhibitors
composed of IN-2-LF, D9R, anti-PA serum and anti-LF serum (L-I2) completely reversed
LeTx repression of Oct1-induced MMTV activity. Similar results were found for c-Jun (Fig.
3b) and HNF3 (Fig. 3c). These data indicate that the proteolytic function of LF is required for
repression of transcription factor-mediated MMTV activation and that LeTx inhibitors, or
mutant LeTx can block this repression.

LeTx decreases transcription factor protein levels
Since proteolytic activity is required for LeTx repression of transcription factor induction of
the MMTV promoter, the effect of LeTx on the protein levels of these transcription factors was
determined. Cos7 cells were transfected and treated following the same protocols as described
for Fig. 1. The time course of the protein expression levels of the various transcription factors
was measured. We found a significant expression of these transcription factors at 48 hours
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post-transfection (data not shown). For subsequent experiments, transfections were performed
and at 48 hours post-transfection, the media was changed and the cells were then treated with
wild type LeTx (10 ng/ml LF + 500 ng/ml PA) or m-LeTx (10 ng/ml mutant LF (E687A) +
500 ng/ml PA) for various lengths of time. As shown in Fig. 4a, LeTx treatment resulted in a
decrease in protein levels of the transcription factors Oct1, HNF3, c-Jun and c-Fos in a time-
dependent manner. When compared to the cleavage of MEK1, a known LeTx target, the
decrease in protein levels of these transcription factors occurred at a relatively late stage after
LeTx treatment. Specifically, a small decrease in MEK1 was seen at 1 hour, followed by a
dramatic decrease at 4 and 8 hours after LeTx treatment. In contrast, the decrease of these other
transcription factors was observed at 8 h (HNF3 and c-Jun) or at 24 h (Oct1, c-Fos) after LeTx
treatment. No decrease in MEK1, Oct1, HNF3 or c-Jun protein levels were found in the samples
treated with the proteolytic inactive m-LeTx (Fig. 4b). A decrease in c-Fos following 48 h
treatment of m-LeTx was observed suggesting that this late time point decrease in c-Fos is
independent of the proteolytic activity of LeTx. These data indicate that LeTx decreases protein
levels of MEK1, Oct1, HNF3 and c-Jun in a time-dependent manner, which is dependent on
the proteolytic activity of LeTx.

The effect of LeTx on endogenous AP-1
The data described are based on over-expression of transcription factors. In order to test the
effect of LeTx on endogenous transcription factors, endogenous AP-1 induction of the MMTV
promoter and of c-Jun protein was utilized. Cos7 cells were transfected with the MMTV
promoter reporter and treated with PMA in the presence or absence of LeTx. The effect of
LeTx on PMA-induced endogenous AP-1 activation of MMTV was determined. As shown in
Fig. 5a, 10 nM PMA significantly activated the MMTV promoter though endogenous AP-1
and this activity was repressed by LeTx to the basal level. In addition, as shown in Fig. 5b, 24
h treatment of PMA induced an increase in c-Jun protein levels. This increase in PMA-
stimulated c-Jun protein levels was largely blocked by treatment with LeTx. Unlike the c-Jun
protein, c-Fos protein was undetectable in these cells even after the stimulation of PMA. These
data show that LeTx represses PMA-induced endogenous AP-1 activation of MMTV promoter
activity and in addition, also inhibits PMA-induced induction of endogenous c-Jun protein
levels.

Discussion
We have recently shown that LeTx selectively represses nuclear hormone receptors including
GR and that LeTx prevents GR-DNA binding in vitro without loss of GR numbers or loss of
nuclear translocation, suggesting that other accessory proteins might be the targets for LeTx.
16; 17 The studies we report here indicate that LeTx indeed interferes with the action of several
transcription factors, including Oct1, HNF3 and cJun. In addition, we found that the protein
levels for these transcription factors were decreased at later time points in the presence of fully
functional LeTx but not in the presence of a protease inactive mutant, indicating that the
reduced function of these transcription factors is dependent on LeTx protease activity.

The LTR of the MMTV promoter, which we have previously shown to be repressed by LeTx.
16; 17 contains numerous binding sites for many transcription factors.34–37; 45–47 These
transcription factors have been shown to interact with GR and alter GR–induced MMTV
promoter activity through influencing the chromatin structure of the promoter. For example,
HNF3 has been shown to associate with GR,48 facilitate GR-DNA binding49–52 and alter the
chromatin structure of the MMTV LTR.34 Oct1, is able to stimulate glucocorticoid-dependent
MMTV promoter activity53–56 and induces chromatin conformational changes of the MMTV
promoter.38; 53 c-Jun and its family members show either inhibition or augumentation of GR-
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mediated transcription of the MMTV-LTR depending on the cell- specific microenvironment.
57

In the current study we have found that over-expression of HNF3, Oct1, c-Jun or AP-1 (c-Jun/
c-Fos) (Fig. 1) enhanced the basal transcriptional activity of the MMTV promoter. In agreement
with previous reports,58; 59 PMA enhanced AP-1-mediated MMTV promoter activity 4 to 8
folds (Fig. 2). LeTx repressed the activation of the MMTV promoter by these transcription
factors (Fig. 1) and PMA (Fig. 2). The findings of LeTx repression of MMTV promoter
activation through multiple transcriptional factors suggest that the greater extent of repression
of a complex promoter such as the MMTV LTR by LeTx, as we have previously described,
16; 17 might be due to the synergistic effects of LeTx on multiple transcriptional factors. This
is consistent with previous reports of synergy between GR and other transcription factors, as
described above.

Since the lethal activity of LeTx is largely dependent on the proteolytic activity of LF,8 we
also tested whether the proteolytic function of LF is essential for LeTx repression of
transcription factor-mediated activation of the MMTV promoter. The proteolytically inactive
mutant LeTx (E687C LF + PA) (m-LeTx)7 failed to repress the transcription factor-mediated
MMTV activation (Fig. 3). In addition, we found that a combination of several types of LeTx
inhibitors, including a small peptide substrate of LF (IN-2-LF),7; 39–41 a inhibitor of furin
(D9R- (D-Arg)9-NH2)40 and anti-serum against PA or LF42–44 completely blocked the
repression of MMTV activation by LeTx. These findings suggest that the proteolytic function
of LF is essential for its repression of transcription factor-mediated MMTV activation and that
a combination of inhibitors functioning at various stages of the LeTx pathway can effectively
block LeTx effects.

Much of the research on LeTx has focused on LeTx proteolytic cleavage of MKKs/MEKs.7;
60–62 Recent studies using microarrays and proteomics have shown that LeTx perturbs many
genes including transcription factors such as c-Jun, early growth response factor (EGR) 1, 2,
3, Forkhead box c1, and members of the nuclear receptor subfamily 463 and elongation factor
2.14 In the current studies, we show that LeTx not only represses transcription factor-mediated
activation of the MMTV promoter (Fig. 3) but also reduced the protein levels of these
transcription factors (Fig. 4 and 5). This suggests that the repression could be explained by the
reduction of proteins by LeTx. Our findings in the current study and the studies described above
have expanded the repertoire of potential LeTx targets.

It is also noteworthy that the repression we report here occurs relatively late after exposure to
LeTx: at 24 to 48 hours. This is in contrast to most LeTx studies performed to date, which are
based on models observing the early responses of cells or animals within several hours.7; 60–
62 In our current study (Fig. 4.), the cleavage of MAPKK is relatively quick (1–4 h). The
decrease in Oct1, HNF3 and c-Jun was observed at a later time frame, 8 h or later after LeTx
treatment. In agreement with our time course of degradation, it was recently reported that LeTx
suppresses c-Jun protein levels at 6 and 12 hr post LeTx treatments in primary endothelial cells.
64 The mechanism of the different time course patterns of MEK1 and other transcription factors
after LeTx treatment is unclear. However, it is clear that the decrease in the protein levels of
these transcription factors in our current study is dependent on LeTx protease activity, since
m-LeTx (LF (E687C) + PA) did not reduce the levels of these proteins (Fig. 4b.). It remains
to be determined whether the decrease of these transcription factors is a result of direct
degradation by LeTx or if it occurs indirectly through unknown mediators. Recently, it was
shown that LeTx exposure resulted in the lower mRNA levels of c-Jun and EGRs.63 Reduced
IL-8 protein levels were shown to be mediated through mRNA destabilization.65 The late
reduction of transcription factor protein levels, which we report here, might also involve
indirect effects of LeTx, e.g. lower mRNA levels through lack of de novo mRNA transcription
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or mRNA destabilization. These findings may shed light on the mechanisms of toxic effects
of LeTx at later stages of disease

These transcription factors are also inducible by various stimuli. For instance, c-Jun is activated
by JNK,67 TPA,68 PDCD4,69 MAPK,67 and cytokines.70 In this study, as previously reported,
we found that PMA induces endogenous AP-1 activation of the MMTV promoter activity (Fig.
5a.), and the induction of the MMTV promoter activity is accompanied by increased protein
levels of endogenous c-Jun protein levels (Fig. 5b.). We show here that PMA-induced MMTV
activity and PMA-induced endogenous c-Jun protein are repressed by LeTx. These results
show that LeTx not only represses over-expressed, but also endogenously expressed
transcription factors.

Interestingly, c-Fos protein was not detected in these cells. We also found that transient
expression of c-Fos protein alone did not affect the activity of the MMTV promoter (data not
shown), suggesting that c-Fos induction of the MMTV promoter may be cell specific. This is
consistent with previous reports of the cell-specific expression, function and response of c-Jun
and c-Fos to PMA stimulation.57

Importantly, these transcription factors play an essential role in determining the fate of a cell
by affecting the expression of target genes involved in proliferation, differentiation and a wide
variety of cellular functions. For example, AP-1 is involved in inflammation and apoptosis;
71–73 Oct1 has been implicated in the regulation of histones, small nuclear RNAs interleukins
and immunoglobulins.74–77 HNF3/fork head transcription factor families play a pivotal role
in the regulation of metabolism-related genes.78; 79 In addition, knockout animals have shown
the importance of these transcription factors. Knockouts of HNF3α80 or c-Jun81 are
incompatible with life. Knockouts of c-Fos81; 82 are viable, but with various deficiencies, e.g.
in the stress response,83 bone cell differentiation and bone development and remodeling,81;
84; 85 Taking into consideration such important biological functions of transcription factors,
our findings on LeTx repression of these transcription factors could be significant in anthrax
lethality.

Materials and methods
Materials

The recombinant B. anthracis toxin proteins LF and PA were kindly provided by S. H. Leppla
(NIAID, Bethesda, MD). The pCMV6-XL6 expression plasmids of transcription factor HNF3,
Oct1, c-Jun, c-Fos were purchased from Origene (Rockville, MD, USA). Phorbol 12-myristate
13-acetate (PMA) was purchased from Sigma-Aldrich (St. Louis, MO).

Cell Culture
Cos7 cells were grown at 37 °C and 5% CO2 in DMEM containing 10% fetal calf serum, 100
IU/ml penicillin, 100 μg/ml streptomycin and 2 mM glutamine.

Construction of full-length MMTV reporter, pGL3-MMTV-luc
The MMTV LTR promoter region containing nucleotides (−1178 to +107) was amplified from
pLTR-luc reporter plasmid 30 using primers containing a Nhe I or XhoI site, (−1178) 5′-
tcttatGCTAGCcgcctgcagcagaaatggttg-3′ and 5′-tcttatCTCGAGgggtctgcggggggaccctct -3′
(+107). A PCR regime of 98 °C for 5 min followed by 22 cycles of 98 °C for 1 min, 66 °C for
1 min and 72 °C for 1.5 min and a final extension of 72 °C for 7 min was performed using
Deep Vent DNA Polymerase (New England Biolabs, Ipswich, MA). The PCR product and
receiving vector pGL3-basic vector (Promega, Madison, WI) were digested for 1 h at 37 °C
with Nhe I and Xho I, run on a 1% agarose gel. The PCR products were purified using QIAquick
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gel extraction kit (QIAGEN, Valencia, CA), ligated into lineralized vectors using a Quick
Ligation Kit (New England Biolabs) and transfected into DH5a cells (Invitrogen, Carlsbad,
CA). pGL3-MMTV-luc was confirmed by restriction enzyme digest and sequencing.

Transient Transfections
Cos7 cells were plated in 24-well plates at a density of 1.5 × 105 cells/well in DMEM containing
10% charcoal-stripped fetal calf serum (cs-FCS), 100 IU/ml penicillin, 100 μg/ml streptomycin
and 2 mM glutamine 1 day prior to transfection. Cos7 cells were transfected overnight with
100 ng of the reporter construct pGL3-MMTV-luc, 15 ng of the constitutive phRL-TK
(Promega), in the absence or presence of various expression plasmids for the transcription
factors HNF3 (FOXA3), Oct1 (POU2F1), c-Jun, c-Fos (AP-1), using FuGENE6 (Roche
Applied Science, Indianapolis, IN) according to the manufacturer’s instructions. The total
amount of DNA per transfection was normailzed to 200 ng using the empty vector pSG5
(Stratagene, La Jolla, CA). The media was replaced with fresh DMEM containing 10% cs-
FBS, in the presence or absence of LeTx (10 ng/ml LF + 500 ng/ml PA) and/or specific amounts
of LeTx inhibitors and other chemicals as indicated. After 24 h, the cells were lysed, and the
firefly and renilla luciferases were assayed using the dual luciferase assay (Promega).

Western blot Analysis
Whole cell extracts were prepared using M-PER (Pierce, Rockford, IL) following the
manufacturer’s instructions. The total protein concentrations were determined using a BCA
protein assay kit (Pierce). Samples were denatured by heating at 95 °C for 5 min in SDS protein
gel loading solution containing 2/5% 2-mercaptoethanol (Sigma-Aldrich, St. Louis). 20 μg of
protein was loaded onto a precast 10% acrylamide gel (Biorad Laboratories Inc., Hercules,
CA) and run at constant voltage at 200 V for 1 h. Samples were transferred to PVDF by wet
blotting at constant voltage of 100 V for 1 h. Membranes were blocked for 1 h at room
temperature in 5% fat-free milk and then incubated overnight 4 °C with the primary antibody
in 1% fat-free-milk. Dilutions and primary antibodies used are listed in Table 1.

Membranes were then washed 3 × 10 min with TBST (TBS containing 0.1% Tween-20) and
incubated with an HRP-conjugated specific secondary antibody (Pierce) plus HRP-conjugated
anti-biotin antibody at room temperature for 1 h. Membranes were again washed 3 × 10 min
with TTBS and bands detected using the Supersignal West Dura Extended Duration Substrate
(Pierce).

Statistical analysis
Statistical analysis of the data was performed using one-way or two-way ANOVA and an
appropriate post-hoc test.
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LeTx  

anthrax lethal toxin
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m-LeTx  
mutant anthrax lethal toxin

LF  
lethal factor

EF  
edema factor

PA  
protective antigen

MAPKK  
mitogen activated protein kinase kinase

GR  
glucocorticoid receptor

HPA  
hypothalamic-pituitary–adrenal

MMTV  
mouse mammary tumor virus

GRE  
glucocorticoid response element

LTR  
long terminal repeat

HNF3  
hepatocyte nuclear factor 3

Oct1  
octamer-binding protein 1

AP-1  
activator protein 1

PMA  
Phorbol 12-myristate 13-acetate

cs-FCS  
charcoal-stripped fetal calf serum

EGR  
early growth response factor
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Fig 1. Repression of transcription factor enhanced basal MMTV activity by LeTx
Cos7 cells plated in 24-well plates were transfected with 100 ng pGL3-LTR-luc, 15 ng phRL-
TK, in the absence or presence of indicated amounts of expression plasmids for specific
transcription factors using FuGENE6. After 24 h incubation in media with or without LeTx
(10 ng/ml LF + 500 ng/ml PA), the cells were lysed, and luciferase assayed. The effects of 20
or 40 ng/well of the transcription factors HNF3 (a), Oct1 (b), c-Jun (c), or a combination of c-
Jun and c-Fos, each at 10 ng/well or 20 ng/well (d) on the transcriptional activity of the MMTV
promoter in the presence (closed bars) or absence (open bars) of LeTx are shown. Each
treatment was performed in triplicates, means and standard deviations from 3 independent
experiments are shown. Two-way ANOVA followed by Bonferroni post-hoc test was
performed (*, p = 0.01–0.05; * *, p = 0.001–0.01; ***, p ≤0.001).
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Fig 2. LeTx repression of PMA-induced AP-1 activation of the MMTV promoter
Cos7 cells plated in 24-well plates were transfected with 100 ng pGL3-LTR-luc, 15 ng phRL-
TK, 10 ng c-Jun and 10 ng c-Fos expression plasmids using FuGENE6. After 24 h incubation
in media with vehicle only, 1 nM or 10 nM PMA in the presence (solid bars) or absence (open
bars) of LeTx (10 ng/ml LF + 500 ng/ml PA), cells were lysed, and the luciferase assayed.
Each treatment was performed in triplicates, means and standard deviations of the relative
luciferase activities (vehicle only was normalized to 1). 2 separate experiments are shown. A
two-way ANOVA followed by Bonferroni post-hoc test was performed (*, p = 0.01–0.05; **,
p = 0.001–0.01; ***, p ≤0.001).
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Fig 3. LeTx inhibitors and the protease deficient mutant of LF reverse LeTx repression of gene
activity
Cos7 cells plated in 24-well plates were transfected 100 ng pGL3-LTR-luc, 15 ng phRL-TK,
40 ng of Oct1 (a), c-Jun (b) or HNF3 (c) expression plasmids using FuGENE6. Cells were
treated with wild type LeTx (10 ng/ml LF + 500 ng/ml PA) or m-LeTx (10 ng/ml mutant LF
E687C + 500 ng/ml PA) and 10 μM LeTx inhibitor IN-2-LF (L-I1) or a group of LeTx inhibitors
(L-I2) (10 μM IN-2-LF + 50 μg/ml anti-PA serum + 50 μg/ml anti-LF serum + 10 μM (D-Arg)
9-NH2 peptide) as depicted. After 24 h cells were lysed, and luciferase assayed. Each treatment
was performed in triplicates. Means and standard deviations of 3 separate experiments are
shown. A one-way ANOVA followed by Tukey’s Multiple Comparison Test was performed
(*, p = 0.01–0.05; **, p = 0.001–0.01; ***, p ≤0.001).
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Fig 4. LeTx reduces the protein levels of transcription factors
Cos7 cells plated in 60 mm cell culture plates were transfected with 700 ng pGL3-LTR-luc,
105 ng phRL-TK, 315 ng pSG5 in combination with 280 ng Oct1, HNF3, c-Jun, or c-Fos
expression plasmids. 48 h after transfection, Cos-7 cells were incubated in fresh culture media
containing wild type LeTx (10 ng/ml LF + 500 ng/ml PA) or m-LeTx (10 ng/ml mutant LF
(E687C) + 500 ng/ml PA). At indicated time points after treatments, cells were harvested and
total cell lysates were subjected to SDS-PAGE and western blotting using specific antibodies
recognizing Oct1, HNF3, c-Jun or c-Fos. The membrane was stripped and re-probed with anti-
MEK1 antibody, and then re-probed with anti-β-actin antibody. The representative data from
3 repeats of MEK1, Oct1 and HNF3, and 2 repeats of c-Jun and c-Fos protein levels in LeTx
treated samples (a) and m-LeTx treated samples (b) are shown.
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Fig 5. LeTx blocks PMA-induced transcription activity of endogenous AP-1 on the MMTV
promoter and PMA-induced endogenous c-Jun protein
(a). Cos7 cells plated in 24-well plates were transfected with 100 ng pGL3-LTR-luc, 15 ng
phRL-TK using FuGENE6. After 24 h incubation in media containing vehicle or 10 nM PMA
with/without LeTx (10 ng/ml LF + 500 ng/ml PA), the cells were lysed and luciferase assayed.
Each treatment was performed in triplicates. Means and standard deviations of 2 separate
experiments are shown. A one-way ANOVA followed by Tukey’s Multiple Comparison Test
was performed (*, p = 0.01–0.05; **, p = 0.001–0.01; ***, p ≤0.001). (b). Cos7 cells plated in
60 mm cell culture plates were incubated in starvation conditions (0.5% serum) for 24 h, the
cells were treated with vehicle or 10 nM PMA with/without LeTx (10 ng/ml LF + 500 ng/ml
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PA) in fresh media for 24 h before harvesting for western blotting to detect the c-Jun and c-
Fos proteins. The membrane was stripped and re-probed with anti-β-actin antibody.
Representative western blot images of c-Jun, c-Fos and β-actin from 3 independent experiments
are shown.
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Table 1
Primary antibody

Primary Ab Catalog No. Vender Dilution Size

HNF3 PA1-25391 Affinity BioReagents (Golden, CO) 1:1300 43 kDa

Oct1 Ab51363 Abcam Inc (Cambridge, MA) 1:125 80 kDa

c-Jun 9165 Cell Signaling Technology (Danvers, MA) 1:1500 41 kDa

c-Fos 2250 Cell Signaling Technology (Danvers, MA) 1:2000 57/62 kDa

MEK-1 07-641 Millipore (Billerica, MA) 1:1500 45 kDa

β-actin sc-47778 Santa Cruz Biotechnology Inc (Santa Cruz, CA) 1:2500 42 kDa
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