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Abstract
We used quantitative real-time RT-PCR to not only investigate the mRNA levels of anthrax toxin
receptor 1 (ANTXR1) and 2 (ANTXR2) in the murine J774A.1 macrophage cells and different tissues
of mice, but also evaluate the effect of anthrax edema toxin and Bacillus anthracis Sterne spores on
the expression of mRNA of these receptors. The mRNA transcripts of both receptors was detected
in J774A.1 cells and mouse tissues such as the lung, heart, kidney, spleen, stomach, jejunum, brain,
skeleton muscle, and skin. The ANTXR2 mRNA level was significantly higher than that of ANTXR1
in J774A.1 cells and all tissues examined. The mRNA expression of both receptors in the lung was
the highest among the tissues evaluated. Interestingly, the mRNA expression of both receptors in
J774A.1 cells was up-regulated by edema toxin. In addition, ANTXR mRNA expression in the lung
was down-regulated after subcutaneous inoculation of B. anthracis Sterne spores as well as after
intranasal administration of anthrax toxin-based vaccine BioThrax™. These results suggest that
anthrax edema toxin and B. anthracis Sterne spore are involved in the ANTXR mRNA regulation in
host cells.
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1. Introduction
Anthrax is a disease resulting from infection by spores of the Gram-positive bacteria Bacillus
anthracis. The formation of spores protects B. anthracis and allows it to remain dormant and
survive harsh chemical and thermal distress until the local environment becomes more suitable
for growth [1]. The disease manifests itself in three ways, resulting from three separate modes
of infection. The most common occurrence of anthrax results from cutaneous exposure, where
B. anthracis infects through a cut or abrasion on the skin. Secondly, gastrointestinal anthrax
occurs through consumption of contaminated food products by gaining entry in the gut. The
final and by far most deadly form of anthrax is inhalational or pulmonary anthrax caused by
B. anthracis infection through respiratory system [2,3]. The reason for the extreme severity of
inhalational anthrax is unclear. The weaponization of anthrax aims to make use of the
pulmonary mode of infection via the mass production of anthrax spores. Clearly the potential
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of bioterrorism threat involving anthrax underscores the need for investigation into prevention,
vaccine development, and research detailing bacterial/host interactions and pathogenesis at the
molecular level.

The outer layer of the B. anthracis spore consists of various proteins, polysaccharides, and
lipids. Macrophages engulf the spore inadvertently creating an opportunity for germination
[1]. The bacterium owes its virulence to the two plasmids pXO2 and pXO1. pXO2 codes for
the poly-D-γ-glutamic acid capsule [4,5]. It has been postulated that the capsule is
antiphagocytic and able to facilitate systemic invasion and dissemination within the
bloodstream [6]. pXO1 codes for the three anthrax toxin protein components that interact on
the surface of mammalian cells: edema factor (EF), a Ca2+- and calmodulin-dependent
adenylate cyclase; lethal factor (LF), a Zn2+-metalloprotease; and protective antigen (PA83,
83 kDa). Anthrax toxin assembly begins upon the binding of PA83 to one of two anthrax toxin
receptors: anthrax toxin receptor 1 (ANTXR1)/Tumor Endothelial Marker 8 (TEM8), a product
of the TEM8 gene originally found to be upregulated in colorectal cancer [3], or anthrax toxin
receptor 2 (ANTXR2)/capillary morphogenesis protein 2 (CMG2) [7]. PA83 facilitates the
entry of EF and LF into the cell. Upon binding to the toxin receptor, PA83 is cleaved by a cell
surface furin into PA63 and subsequently oligomerizes into a heptameric pore that creates
binding sites for up to three molecules of EF or LF with nanomolar affinity. The entire receptor-
toxin complex is internalized by receptor-mediated endocytosis [7]. Once within the cytosol,
EF and LF catalyze reactions that result in toxicity. The combination of LF and PA is called
lethal toxin (Letx) which has been shown to cleave members of the mitogen-activated protein
kinase kinase (MAPKK) family, including Mek1, Mek2, and MKK isotypes 1–4 and 6–7 [8],
leading to host death. Edema toxin (Edtx), a combination of EF and PA, raises the level of
cAMP, activates protein kinase A (PKA), disrupts water homeostasis, and inhibits
phagocytosis of the bacterium by neutrophils allowing anthrax to evade the immune system
[3].

While the interaction of the toxin components has been the subject of intense investigation,
less is known regarding the true physiological function (s) of the two anthrax toxin receptors.
Discovery of the first anthrax receptor ANTXR1 showed that the first 364 amino acids were
identical to TEM8 [9]. Expression of the mouse homolog of ANTXR1 (TEM8) was found to
be upregulated in the vasculature of the developing mouse embryo and also shown to be
significantly upregulated in human tumor angiogenesis [10,11]. ANTXR1/TEM8 is expressed
in a variety of tissues [12]; however, the precise physiological function of ANTXR1/TEM8 is
not known. Shortly after the discovery of ANTXR1, a second anthrax toxin receptor was
identified as ANTXR2 (CMG2) [13]. It has the highest degree of homology with TEM8
compared to any protein described to date, including 1) a signal peptide 2) a von Willebrand
factor (VWA) type A domain and 3) a type I transmembrane region. The two protein sequences
share 40% overall amino acid identity and 60% identity within their VWA/I domains. Different
variants of CMG2 are expressed in many tissues [13]. At present, three isoforms of ANTXR1
and four isoforms of ANTXR2 have been described resulting from alternative mRNA splicing
[9,13]. However, information about the correlation of ANTXR expression with anthrax toxins
and spore infection is limited.

In this research, we have evaluated the expression levels of ANTXR1 and ANTXR2 mRNA
in murine J774A.1 macrophage cells and different tissues of A/J mice in the absence and
presence of the anthrax Edtx by using quantitative real time RT-PCR. We also determined the
differential mRNA expression of the two receptors resulted from the stimulation by different
effectors: the anthrax Edtx, B. anthracis Sterne spores, and an anthrax toxin-based vaccine
BioThrax™ (Anthrax Vaccine Adsorbed).
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2. Results
2.1. Assessment of mRNA levels of ANTXR1 and ANTXR2 in murine J774A.1 cells

Toward a greater understanding of how macrophages respond to encountering the Edtx, we
chose to first investigate the mRNA expression of ANTXR1 and 2 in the J774A.1 cells. Fig.
1A displays the relative abundance of ANTXR2 to ANTXR1 mRNA, with the RT-PCR
amplification plot displayed in Fig. 1B. As shown, the expression of ANTXR2 mRNA exceeds
that of ANTXR1 mRNA by roughly 90-fold. This result is in qualitative agreement with recent
finding by others [14,15].

2.2. Effect of edema toxin on ANTXR mRNA expression in J774A.1 cells
To characterize the effect of anthrax Edtx on the gene expression of the toxin receptors, we
measured the relative abundance of both ANTXR1 and 2 mRNA when J774A.1 cells were
titrated with increasing concentrations of each individual toxin component PA and EF. Fig. 2
depicts the results, with all graphs on the left representing ANTXR1 (Fig. 2A1 and 2B1) and
those on the right corresponding to ANTXR2 (Fig. 2A2 and 2B2). Since EF cannot bind
ANTXR, it is not surprising that incubation of J774A.1 cells with EF alone had no effect on
mRNA expression of either receptor (Fig. 2B1 and 2B2). However, in comparing the effect on
expression of mRNA of ANTXR1 and ANTXR2 with varying amounts of PA, a significant
change in mRNA expression was found for ANTXR1 but not ANTXR2 when PA concentration
in the medium was 1 μg/ml. Since both receptors were present during the experiment, it would
appear from this data that the highest amount of PA tested (1 μg/ml) had a stimulating effect
on the steady-state mRNA expression of ANTXR1 but not of ANTXR2.

In order to determine what effect the combination of PA and EF (Edtx) would have on the
transcription of ANTXR in J774A.1 cells, we observed the effect on mRNA expression by
titrating increasing concentrations of EF incubated with a constant amount of PA (500 ng/ml).
This resulted in a dramatic increase in relative mRNA expression for both ANTXR1 and
ANTXR2 genes (Fig. 2C1 and 2C2). Thus Edtx stimulates the upregulation of ANTXR mRNA
expression.

2.3. ANTXR mRNA expression levels in mice
The picture of overall expression of ANTXR1 and ANTXR2 mRNA in different tissues is
incomplete, so our next goal was to describe the distribution of mRNA transcripts for these
genes in the mouse. After performing RT-PCR analysis, Fig. 3 shows that both receptors’
mRNA is expressed in all mouse tissues that were examined. Although these results are in
conflict with earlier results in which expression of ANTXR1 (TEM8) was restricted to tumor
endothelium and developing vasculature [10], we are in general agreement with a more recent
examination of mouse tissues showing widespread expression of ANTXR1 mRNA [12]. Fig.
3A shows clearly that the level of expression of ANTXR1 mRNA in the lung far exceeds that
in any other tissue. With respect to the ANTXR2, the level of mRNA expression is also highest
in the lung among all tissues analyzed (Fig. 3B). As there were mRNA of ANTXR2 detected
in all tissues examined here, data in Fig. 3B also qualitatively agrees with previous findings
[13]. However, the overall expression of ANTXR2 mRNA in mouse tissues is much more
evenly distributed than that of ANTXR1 mRNA.

To illustrate the difference in relative mRNA expression levels between ANTXR2 and
ANTXR1, we determined the expression ratio of both receptors in our study. Fig. 4 shows that
the mRNA level of ANTXR2 always exceeded that of ANTXR1 in all tissues examined. The
most obvious difference in the expression ratio of these two receptors is seen for the liver,
which is ~65-fold higher. This is the only tissue examined in our study that approaches the
drastic difference in expression seen in the macrophage J774A.1 cell line (Fig. 1). The ratio of
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ANTXR2 and ANTXR1 mRNA is approximately the same (4:1) in the lung and skin, the two
major sites for B. anthracis entry to cause inhalational and cutaneous anthrax, respectively.
ANTXR2 mRNA expression in the intestine, another site for pathogen entry to cause digestive
anthrax, is nearly 20-fold higher than that of ANTXR1 mRNA.

2.4. Effects of B. anthracis Sterne spores and anthrax toxin-based vaccine on ANTXR mRNA
expression

After establishing basal levels of ANTXR mRNA expression in mouse tissues and observing
that ANTXR2 mRNA is the more abundant ANTXR in all tissues examined, we proceeded to
investigate the regulation of these receptors’ mRNA expression. Toward illuminating the
response of each receptor under B. anthracis infection and an in vivo setting, we evaluated how
the mRNA expression of ANTXR1 and 2 changed when mice were subcutaneously challenged
with 100 × LD50 of B. anthracis Sterne spores. A/J mice are susceptible to the Sterne strain, a
nonencapsulated attenuated strain lacking the poly-D-γglutamic acid capsule [16,17]. Infection
with the live spores results in anthrax symptoms in 3–4 days and death between 5–10 days.
This experiment attempts to monitor changes in ANTXR mRNA expression en route to a fatal
exposure to anthrax spore infection.

Due to the large difference in relative change of expression for ANTXR1 mRNA in this
experiment, the results for the lung are presented separately in Fig. 5A, while results for all
other tissues are shown in Fig. 5B. The expression of ANTXR1 mRNA in the lung drops nearly
5-fold upon subcutaneous challenge with spores (Fig. 5A). When the other tissues were
examined for ANTXR1 mRNA expression levels after administration with the Sterne strain,
transcripts of ANTXR1 mRNA either dropped nearly 2–4 fold (the brain, heart, kidney, muscle,
skin, and stomach), or they remained relatively unchanged (the intestine, liver, and spleen)
(Fig. 5B).

Next, we examined the effect of subcutaneous injection of the Sterne strain on expression of
ANTXR2 mRNA. Fig. 5C shows that across all of the tissues examined, the only significant
change was seen in the lung (2.2- fold decrease). Taken together, there appear to be different
responses in mRNA expression of each receptor after a subcutaneous injection of the Sterne
strain spores. The mRNA expression of both receptors in the lungs are sensitive to spore
infection, but in the rest of the mouse, ANTXR1 mRNA levels change considerably while those
of ANTXR2 mRNA do not. This data suggests that in an infection with live spores, ANTXR1
is more sensitive to downregulation than ANTXR2. Fig. 5 represents an interesting outcome
after subcutaneous injection of Sterne spores: ANTXR mRNA expression in the lungs are most
affected despite no direct delivery of the spores to that location. This may imply that anthrax
toxins traversed to the lung through the bloodstream or through macrophages engulfed the
spores.

BioThrax™ (Anthrax Vaccine Adsorbed) is the only currently licensed human vaccine against
anthrax in the USA [18]. PA is the major component of the vaccine and antibodies against PA
have been shown to protect guinea pigs against lethal challenge with anthrax toxin [19]. In
addition, the vaccine contains undefined quantities of LF, EF, and other somatic components
of B. anthracis [20,21]. To expand our investigation on regulation of ANTXR mRNA
expression, we intranasally administered BioThrax™ into A/J mice. Fig. 6 shows that
expression of both receptors mRNA dropped approximately 35% 48 hours after only a single
dose of 30 μl BioThrax™. Interestingly, regulation of ANTXR2 mRNA expression occurred
at the 24-hour time point whereas regulation from ANTXR1 mRNA was only detected at the
48-hour time point. ANTXR2 mRNA expression appears to be more sensitive than ANTXR1
does in a direct intranasal administration of the effecter that represents an antigen presentation
designed to elicit immunity via an anthrax toxin-based vaccine.
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3. Discussion
In order for an invading pathogen to cause infection in a host, it must find a way to circumvent
innate and adaptive immune mechanisms. The challenge for B. anthracis is to have an ability
to bypass the obstacles of host entry: the skin, the mucosal lining of the respiratory tract, and
the intestine. The macrophage is an important component in the life cycle of B. anthracis spore
germination. The phagocytic nature of the macrophage is designed to engulf foreign bacteria
that have bypassed the aforementioned lines of defense, and yet it appears that the macrophage
acts as an enabler of a successful infection of B. anthracis spores by creating an environment
that facilitates their conversion to a germinating state [6,14]. Previous research has shown that
B. anthracis spore germinates in the macrophage allowing the bacteria to multiply and spread
into the bloodstream, attaining levels of 109 B. anthraci bacteria per milliliter of blood [22].
At the epicenter of this life cycle are the three anthrax toxin components, EF, LF, and PA, and
the two anthrax receptors, ANTXR1 and ANTXR2. Recent work has demonstrated that
macrophage susceptibility to spore challenge is dependent on ANTXR expression [14]. Our
report herein allows for an expansion of our understanding of anthrax pathogenesis from the
vantage point of ANTXR expression by providing new information about bacterial/host
interaction as well as protein/receptor function and regulation.

Others have shown that PA binds to ANTXR2 (CMG2) with an extremely high affinity of
KD = 170 pM or 780 pM in the presence of Mg2+ or Ca2+ ions, respectively [23], and that the
binding affinity of ANTXR1 (TEM8) for PA is nearly 1000-fold lower than that of ANTXR2
(CMG2) [24]. In qualitative agreement with another recent study [14,15], our work shows that
ANTXR2 is by far the predominate receptor in the J774A.1 macrophage cells and mouse
tissues. Taken together, these observations suggest that the ANTXR2 receptor is a significant
means of entry for anthrax toxins.

It was no surprise that individually titrating the ANTXR with EF or PA had no discernable
effect on receptor expression in macrophage cells (Fig. 2A and 2B). However, results with
combination of these two toxin components are illuminating when viewed in light of regulation
of the ANTXR. Most revealing is the fact that Edtx can dramatically upregulate mRNA
expresion of both receptors (Fig. 2C). Recent research by Maldonado-Arocho et al. also
demonstrated that Edtx induces ANTXR expression in monocyte-derived cells [25]. Since it
is known that EF is an adenylate cyclase which elevates intracellular levels of cAMP, our data
could be interpreted to suggest that increased cAMP level in cells stimulate increased
transcription of both ANTXR1 and ANTXR2 genes. By inducing the production of more
receptors, Edtx may promote increased entry of both EF and LF into the cell.

Edtx not only impairs phagocyte function [22], but also causes cytotoxicity and tissue necrosis
[26,27]. The N-terminal fragment of LF (LFn) has been shown to enter cells without PA
resulting in a hypothesis that LF needs PA binding not for entry, but to function as a toxin
[28]. However, it is unknown if EF is capable of cellular entry in the absence of PA. While it
has been shown that transient expression of EF from a plasmid resulted in a manifestation of
some cytopathological effects congruent with exposure to Edtx [28,29], EF contain binding
sites only for PA and not for the receptors [3]. Our observation might be explained by the
interactions of EF with PA on the two receptors. These interactions could result in the activation
or repression of different signaling pathways through some conformational change in ANTXR
and the co-receptor low-density lipoprotein receptor-related protein 6 (LRP6) [30].
Alternatively, once delivered to cytosol, the intracellular effect of EF could result in the
activation or repression of different pathways that regulate ANTXR gene transcription. In
evaluating our data with the current understanding of the signaling effects of anthrax toxin, a
question emerges: is the regulation of transcription of ANTXR due to some conformational
change or signal conferred by ANTXR and LRP6 resulting from the event of receptor binding
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and translocating EF into the cytosol, or is it the result of the enzymatically active moieties of
EF exerting their influence on downstream signaling? Future studies could help resolve this
issue.

Current and future structural understanding of conserved domains may prove useful. The two
anthrax toxin receptors share 40% overall amino acid identity and 60% identity within their
VWA regions. There is complete conservation within their MIDAS motif, a metal-ion
dependent adhesion site often involved in ligand binding [13]. VWA domains are often sites
for protein-protein interactions in cell adhesion proteins such as integrins. There is accumulated
evidence from studies of the α-integrin VWA domain demonstrating its existence in an open
and closed conformation which display high and low affinities for ligand, respectively [13]. It
would be interesting to see if an open/closed conformation in ANTXR also correlated with
signaling involved in regulation of transcription of its own gene.

This work was also undertaken to more fully characterize the expression of known anthrax
toxin receptors, ANTXR1 (TEM8) and ANTXR2 (CMG2). Both receptors are conserved
between diverse species, including zebrafish, humans, mouse, and rat; this suggests that they
fulfill an important and possibly unknown physiological function [31]. CMG2 was originally
discovered to be differentially regulated during endothelial cell morphogenesis. It was
subsequently shown to be localized to the endoplasmic reticulum, and a recombinant form of
CMG2 was demonstrated to bind collagen type IV and laminin, suggesting a connection with
basement matrix synthesis and assembly. However, RT-PCR in that work was only able to
detect expression of CMG2 in human placenta [32]. More recent work has shown that CMG2
is widely expressed in human tissues [13], and mutations within CMG2 have been shown to
cause two allelic disorders, juvenile hyaline fibromatosis (JHF) and infantile systemic
hyalinosis (ISH) [33]. Here, we show that in the mouse, ANTXR2 (CMG2) mRNA is expressed
in all tissues examined and has the highest level in the lung. While ANTXR1 (TEM8) has been
shown to be overexpressed in tumor vessels, supporting a possible role in angiogenesis [34],
the general expression pattern shown in this work as well as in previous work [12] suggests
that a complete description of the physiological role this receptor plays remains to be
determined. Nonetheless, we have demonstrated that infection with spores affects the
expression of ANTXR1 in more tissues than ANTXR2. In turn, regulation of ANTXR2 appears
to play a significant role in the lung upon challenge with either spores or an anthrax toxin-
based vaccine. Although both receptors are widely expressed, ANTXR2 always outnumbers
ANTXR1 in all mouse tissues examined. We acknowledge the significance of the finding that
the lung has the highest ANTXR mRNA expression level and its relevance to the severity of
inhalational anthrax warrants to be further explored.

4. Materials and methods
4.1. Materials

Recombinant PA and EF were purchased from List Biologicals, Inc.(Campbell, CA). B.
anthracis Sterne strain spores were from the Anthrax Spore Vaccine (U.S. Vet license #188)
which is a viable suspension of the Sterne Strain 34F2 spores in saponin (Colorado Serum
Company, Denver, CO). BioThrax™ vaccine (AVA) was produced by BioPort Corporation
(Lansing, MI). Mouse monocyte macrophage cell line J774A.1 was purchased from the
American Type Culture Collection (Manassas, VA). TRI RNA/DNA/Protein Isolation Reagent
and 1-bromo-3-chloropropane (BCP) were from Molecular Research Center, Inc. (Cincinnati,
OH). One-step Real-time RT-PCR and QuantiTect Sybr Green RT-PCR Kits were purchased
from Qiagen (Valencia, CA).
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4.2. Cell culture and sample collection
24-well tissue culture plates were seeded with 1×105 mouse macrophage cells J774A.1 per
well in 1 ml of Dulbecco’s Modified Eagles’s medium (DMEM) supplemented with 10% FBS
(Hyclone), 2 g/l sodium bicarbonate from Sigma (St. Louis, MO), 100 U/ml penicillin, and
100 μg/ml streptomycin (GIBCO, Carlsbad, CA, USA), and were grown until approximately
80% confluent. The cells were either treated with individual PA (0–1μg/ml), EF (0–1 μg/ml),
or with the combination (PA+EF) for 6 h in humidified air with 5% CO2 at 37°C. After the
media was removed, 0.2 ml TRI RNA/DNA/Protein Isolation Reagent was added into each
well and the plates were incubated for 10 min at room temperature. Then the samples were
frozen at −80°C until RNA isolation.

4.3. Animals, treatments, and tissue sample collection
Female A/J mice at 6–8 weeks old were purchased from Jackson Laboratory (Bar Harbor, ME)
and housed under biosafety level 2 (BSL2) pathogen-free conditions in the animal facility at
the University of Rochester Medical Center. Mice were grouped to 4 per cage and maintained
in a controlled environment (22 ± 2°C; 12 h light/12 h dark cycles). The animals were provided
Laboratory Rodent Diet 5001 with ad libitum access to food and water. The animal research
herein reported was conducted in facilities with programs accredited by the Association for
the Assessment and Accreditation of Laboratory Animal Care.

4.3.1. Experiment 1—Eight mice were sacrificed to collect tissue samples of lung, liver,
heart, spleen, kidney, stomach, intestine (jejunum), ventral skin, and brain (thalamus).

4.3.2. Experiment 2—16 mice were equally divided into either a treatment or control group.
The treatment group was subcutaneously injected with 100×LD50 of B. anthracis Sterne strain
spores as previously described [17], while the control group was subcutaneously injected with
an identical volume of 0.9% NaCl solution. Four animals in each group were sacrificed for
tissue sampling at 24 and 48 h post-injection when no symptom of anthrax was observed.

4.3.3. Experiment 3—8 mice were allotted into a treatment and a control group. The
treatment group was intranasally administered with 30 μl BioThrax™ Vaccine. The control
group was intranasally administered the same volume of 0.9% NaCl solution. Four mice in
each group were sacrificed for samples collection of lung tissues at 24 and 48 h after the
treatments.

4.4. RNA isolation
Total RNA from J774A.1 cells or mouse tissues were isolated by using TRI reagent according
to the manufacturer’s protocol. Briefly, cells were harvested from each well of 24-well plates
and lysed in 0.2 ml TRI Reagent; 50–100 mg tissue samples were homogenized in 1.0 ml TRI
Reagent. DNA, protein, and RNA were separated by centrifugation after addition of 1-
bromo-3-chloropropane (BCP). RNA was precipitated from the aqueous phase with
isopropanol, washed with ethanol, and solubilized in diethylpyrocarbonate (DEPC)-treated
water. DNA was removed from the RNA preparation by using a DNA-free kit (Ambion)
according to the manufacturer’s protocol. DNase I-treated RNA samples were purified by
passing through a Qiagen RNeasy column. After the purity of RNA was assessed by 260- and
280-nm spectrophotometer reading, the RNA samples were aliquotted and stored at −80°C.

4.5. Real-time quantitative RT-PCR
The relative abundance of mouse ANTXR1 and 2 mRNA to 18S rRNA was assessed by
quantitative real-time RT-PCR using the one-step QuantiTect SYBR Green RT-PCR kit
(Qiagen) and the ABI Prism 7900 sequence detection system (Applied Biosystems). The
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nucleotide sequences of the primers and the real-time RT-PCR conditions are shown in Table
1. ANTXR1 and 2 sequences were analyzed through a BLAST algorithm to ensure that the
primers generated were unique to each sequence in order to avoid cross-reaction. 18S rRNA
was used as an internal quantitative standard. Each sample was run in duplicate and repeated
twice. Controls were analyzed in parallel to verify the absence of DNA in the RNA preparation
as well as the absence of primer dimers in control samples without template RNA. In addition,
RT-PCR products were analyzed by gel electrophoresis, and in all cases, a single product was
observed at the appropriate base pair size. Amounts of ANTXR mRNA in different samples
were normalized relative to 18S rRNA. A mouse liver total RNA sample purchased from
Ambion, Inc. (Austin, TX) was used as a calibrator during each experiment with mouse tissue
samples.

4.6. Statistical analysis
ANOVA and T-test were performed to analyze the results and are expressed as mean ± SE.
Data presented are representatives of experiments run in duplicates and repeated twice. A
paired comparison was done between the control groups and the experimental groups under
different treatment conditions, or between tissues. All statistical analysis was performed using
Statistica 6.0 software from StatSoft, Inc. (Tulsa, OK).
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Fig. 1.
Relative expression level of ANTXR2/ANTXR1 in J774A.1 macrophage cells. Total RNA
was isolated from J774A.1 cells and one-step real time RT-PCR was carried out to assess the
relative abundance of ANTXR2 mRNA to ANTXR1 mRNA. (A). Ratio of relative quantization
of ANTXR2/ANTXR1; (B). Real time RT-PCR amplification plot. (n = 12)
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Fig. 2.
Effect of anthrax edema toxin on expression of ANTXR1 (Panel 1, left) and ANTXR2 (Panel
2, right) mRNA in J774A.1 cells. Total RNA was isolated from J774A.1 cells treated with
different concentrations of anthrax toxin components, and then one-step real time RT-PCR
was carried out to assess the relative abundance of ANTXR1 and ANTXR2 mRNA as
compared to levels of 18S rRNA. One sample from control groups without toxin treatment was
designated as a calibrator. Different letters represent significant differences between treatments
in the same plot (P < 0.05). (A). PA-treated; (B). EF-treated; (C). constant PA + EF titration;
(1). ANTXR1; (2). ANTXR2. (n = 8)
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Fig. 3.
Differential expression of ANTXR1 (Panel A) and ANTXR2 (Panel B) mRNA in mouse
tissues. Total RNA was isolated from A/J mouse tissues and one-step real-time RT-PCR was
carried out to assess relative abundance of ANTXR1 and ANTXR2 mRNA as compared to
18S rRNA. A mouse liver total RNA sample purchased from Ambion was designated as a
calibrator. Different letters represent significant differences between treatments in the same
plot (P < 0.05). (n = 8)
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Fig. 4.
The mRNA expression level of ANTXR2 is always higher than that of ANTXR1 in all mouse
tissues examined. Relative expression levels using data obtained from the experiments in Fig.
3 are presented to compare the ratio of mRNA expression of both receptors in mouse tissues
(n = 8).
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Fig. 5.
Subcutaneous injection of B. anthracis Sterne spores to mice significantly affects relative
expression of ANTXR1 and ANTXR2 mRNA. After A/J mice were administrated
subcutaneously with 100 × LD50 B. anthracis Sterne spores, total RNA was isolated from mice
tissues at 0, 24 and 48 h to assess relative abundance of ANTXR1 and ANTXR2 mRNA to
18S rRNA by one-step quantitative real time RT-PCR. A mouse liver total RNA sample
purchased from Ambion was designated as a calibrator. (A). Changes in relative expression of
ANTXR1 mRNA in mice lungs; (B). Changes in relative expression of ANTXR1 mRNA in
all remaining mice tissues; (C). Changes in relative expression of ANTXR2 mRNA in all mice
tissues examined. * P < 0.05, ** P < 0.01 compared with the controls (untreated mice) (n =
8).
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Fig. 6.
Effect on relative expression of ANTXR mRNA in the lung after intranasal administration of
BioThrax™ vaccine to mice. Mice were inoculated with 30 μl of BioThrax™ vaccine by an
intranasal route. Total RNA was isolated from lungs at 24 and 48 h after treatment to assess
relative abundance of ANTXR1 and ANTXR2 mRNA as compared to 18S rRNA by one-step
quantitative real-time RT-PCR. One of the samples from the control groups (treated with
vehicle buffer) at same time point was designated as a calibrator. * P < 0.05, ** P < 0.01,
compared with the controls (n = 4).
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Table 1
Nucleotide sequences of primers and RT-PCR conditions for analysis of ANTXR mRNA expression

GeneBank Access Expected Product Size Primer sequences RT-
PCR reaction conditions

ANTXR1 NM054041 231 bp (975–1205) F: 5′-
CTTTCAAGTGGTCGTAAGAG-3′
R: 5′-
GTGATGATGACAAGAACTGGA-3′

RT: 50°C 30 min.
94°C 15 min.

1 cycle

ANTXR2 NM 33738 242 bp (1088–1330) F: 5′-
TCCTCCAAGTGTCTGTGTGTAG-3′
R: 5′-
GGCTGTGATTGTTAAGGATC-3′

PCR: 94 °C 15 s
55 °C 30 s
72 °C 30 s
40 cycles

18S rRNA AY248756 101 bp (950–1050) F: 5′-
CGCCGCTAGAGGTGAAATTCT-3′
R: 5′-
CGAACCTCCGACTTTCGTTCT-3′
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