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Currently, Acinetobacter baumannii is recognized as one of the major pathogens seriously threatening our health care delivery
system. Aspects of the innate immune response to A. baumannii infection are not yet well understood. Human (3-defensins
(hBDs) are epithelial cell-derived cationic antimicrobial peptides (AMPs) that also function to bridge the innate and adaptive
immune system. We tested the induction of hBD-2 and -3 by A. baumannii on primary oral and skin epithelial cells and found
that A. baumannii induces hBD-3 transcripts to a greater extent than it induces hBD-2 transcripts on both types of cells. In addi-
tion, we found that A. baumannii is susceptible to hBD-2 and -3 killing at submicromolar concentrations. Moreover, hBD-3 in-
duction by A. baumannii was found to be dependent on epidermal growth factor receptor (EGFR) signaling. Inhibition of mito-
gen-activated protein kinase resulted in reduced expression of both hBD-2 and -3. Lastly, a disintegrin and metalloprotease 17
(ADAM17; also known as TACE) was found to be critical for hBD-3 induction, while ADAM10 and dual oxidase 1 (Duox1) were
not required for hBD-3 induction. Induction of AMPs is an important component of innate sensing of pathogens and may play
an important role in triggering systemic immune responses to A. baumannii infection. Further studies on the interactions be-
tween epithelial cells and A. baumannii will help us understand early stages of infection and may shed light on why some indi-

viduals are more vulnerable to A. baumannii infection.

Acinetobacter baumannii is a Gram-negative, aerobic, nonfer-
mentative coccobacillus. Since the 1980s, the number of in-
fections due to this pathogen has risen dramatically (1). Most A.
baumannii infections occur within intensive care units (ICUs) in
patients with underlying disease, suggesting that variability in the
host immune response may contribute to the risk or severity of
infection. Global surveillance programs conducted in the last de-
cade show an unparalleled increase in resistance to antimicrobial
drugs among clinical Acinetobacter isolates (2). A remarkable fea-
ture of A. baumannii is the rapidity with which this organism
developed widespread resistance to most commonly used antibi-
otics. With few new antimicrobial drugs on track to reach the
market in the next several years, the development of strategies to
reduce infections is particularly important. A deeper understand-
ing of the immune response to A. baumannii infection may facil-
itate the design and development of immune-adjunctive therapies
to prevent or treat infections.

The epithelium is the first line of defense against a bacterial
challenge. Our knowledge regarding the interaction between A.
baumannii and epithelial cells is very limited. Investigations by Lee
et al. found that A. baumannii is able to adhere to human bron-
chial epithelial cells (3). These studies were advanced further as
this group studied the innate immune response in human epithe-
lial cells challenged with A. baumannii outer membrane protein A
(AbOmpA) (4) and found that while the levels of Toll-like recep-
tor 2 (TLR-2) and inducible nitric oxide synthase (iNOS) were
elevated, no change in proinflammatory cytokines/chemokine
levels was evident. Later, Van Faassen et al. found that the early
induction of proinflammatory cytokines and chemokines, such as
tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and
monocyte chemoattractant protein 1 (MCP-1), as well as the in-
flux of neutrophils played an important role in resistance to respi-
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ratory infection with A. baumannii in a mouse model (5). Similar
results were reported by Qiu et al. in 2009 (6).

Antimicrobial peptides (AMPs) have been identified to be key
components in innate host defense and important contributors to
maintaining health at mucosal barriers. Human {-defensins
(hBDs), a family of epithelial cell-derived cationic peptides (4 to 5
kDa), exhibit both antimicrobial and immunomodulatory prop-
erties (7-9). hBDs have been demonstrated to have activity against
Gram-positive and -negative bacteria, mycobacteria, fungi, and
certain enveloped viruses at low-micromolar concentrations (10,
11). Recently, hBDs were shown to also have antiretroviral activity
by inhibiting the ability of HIV-1 to infect immunocompetent
cells (12, 13). In addition, hBDs can enhance adaptive immunity
by acting as adjuvant and chemoattracting T cells, immature den-
dritic cells, B cells, neutrophils, and macrophages (14-16). Re-
cently, it was shown that intracellular infection of airway epithelial
cells by A. baumannii induces hBD-2 production. The intracellu-
lar innate immune receptors Nod1 and Nod2 were shown to be
required for intracellular replication and NF-kB-dependent de-
fensin expression (17).

In an effort to understand the fundamental pathogenic mech-
anisms underlying A. baumannii infection, we investigated the
induction of hBD-2 and hBD-3 by two well-characterized strains
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of A. baumannii on primary oral and skin epithelial cells and
found that both AMPs are induced by exposure, with hBD-3 pref-
erentially being induced in an epidermal growth factor receptor
(EGFR)-dependent manner. While both AMPs have antimicro-
bial activity against A. baumannii, hBD-3 is more potent, likely
because its net cationic charge is higher than that of hBD-2.

MATERIALS AND METHODS

Bacterial strains. A. baumannii AB0057 is a multidrug-resistant (MDR)
strain isolated in 2004 (18). ATCC 17978 is a drug-susceptible strain of A.
baumannii and was isolated from a meningitis patient in New York, NY, in
the 1950s. Genome sequences are available for both isolates (19, 20). Both
strains of A. baumannii were cultured in LB broth overnight (16 h).

Generation of recombinant hBD-2 and hBD-3. Recombinant hBD-2
and hBD-3 were generated as described previously (21). Briefly, hBD-2
and hBD-3 cDNA was cloned into pET-30c (Novagen, Madison, WI), and
the presence of the cDNA was confirmed by sequencing. IPTG (isopropyl-
B-p-thiogalactopyranoside) was used to induce the expression of the re-
combinant hBD-2/-3 His tag fusion protein in transformed Escherichia
coli BL21(DE3) cells (Novagen). Ni-nitrilotriacetic acid affinity chroma-
tography was used to isolate the hBD-2/-3 fusion protein. Mature hBD-
2/-3 was released by enterokinase (Novagen) digestion. HBD-2/-3 was
purified by reverse-phase high-pressure liquid chromatography and iden-
tified by mass spectroscopy.

Coculture of epithelial cells with A. baumannii. Human oral and
skin tissues were obtained according to protocols approved by the Insti-
tutional Review Board of Case Western Reserve University. Primary oral
epithelial cells (from three different healthy donors) were cultured as de-
scribed previously (12, 21, 22). Primary skin epithelial cells were kindly
provided by Thomas McCormick (Department of Dermatology, Case
Western Reserve University). Epithelial cells were loaded into 6-well
plates and allowed to grow to 80% confluence. One percent penicillin-
streptomycin (Life Technologies, Grand Island, NY) was added to the
culture medium. A. baumannii (19, 20) was cultured in LB broth. Over-
night cultures of A. baumannii were washed twice and resuspended in
phosphate-buffered saline (PBS). Resuspended A. baumannii was added
to the cells at a multiplicity of infection (MOI) of 100:1. In other cases, 1
M batimastat (a disintegrin and metalloprotease [ADAM] inhibitor;
Tocris Bioscience, Ellisville, MO), 50 uM PD98059 (an inhibitor of MEK;
Calbiochem, Gibbstown, NJ), 10 wM SB203580 (an inhibitor of p38; Sig-
ma-Aldrich, St. Louis, MO), 10 pg/ml EGFR neutralizing antibody (cat-
alogue number 05-101; Millipore, Billerica, MA), or 10 pg/ml isotype
control antibody (R&D, Minneapolis, MN) was added to the epithelial
cells 30 min prior to addition of the bacteria. Cocultures were incubated
overnight (16 h) or for the time designated in Results. After overnight
coculture, the final MOI reached approximately 600 bacteria to 1 cell. Cell
viability was maintained for up to 48 h in coculture, as determined by
trypan blue exclusion.

RNA preparation and real-time PCR. Quantitative reverse transcrip-
tase PCR (RT-PCR) was used to quantify hBD-2/-3 mRNA, as described
previously (12). Briefly, RNA was extracted, by use of the TRIzol reagent
(Invitrogen, Carlsbad, CA), from epithelial cells challenged with A. bau-
mannii. Human keratin 5 (HK5) mRNA was used to normalize the RNA
amount in each sample. An iScript cDNA kit (Bio-Rad, Hercules, CA) was
used for reverse transcription, and iQ Supermix (Bio-Rad) was used for
real-time PCR. The intron-spanning primers and PCR conditions used
for these reactions have been described previously (12). All real-time PCR
amplifications, data acquisition, and analysis were performed using an
iCycler real-time PCR system (Bio-Rad).

ELISA for hBD-3 peptide in medium. hBD-3 peptide levels in the
spent supernatants were measured by enzyme-linked immunosorbent as-
say (ELISA) as described previously (23). Briefly, hBD-3 antibody (Pep-
rotech, Rocky Hill, NJ) was used to coat the bottom of the wells, followed
by blocking with 1% bovine serum albumin. Supernatants collected from
48 h of coculture were added to the wells, and the plates were incubated at
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room temperature for 1 h. After extensive washing, biotinylated anti-
hBD-3 detection antibody was added, followed by addition of strepta-
vidin-peroxidase (Roche Diagonistics, Branchburg, NJ). Finally, the
substrate 2,2-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (Roche
Diagnostics) was added to the wells, and the plates were kept in the dark at
room temperature for 20 min. The absorbance was measured at 415 nm
with a microplate reader (model 680; Bio-Rad, Hercules, CA).

Knockdown of TACE and Duox1 by siRNA. TNF-a-converting en-
zyme (TACE) and dual oxidase 1 (Duox1) expression on primary oral
epithelial cells was silenced by small interfering RNA (siRNA) transfec-
tion. Predesigned human TACE siRNA and Duox1 siRNA were pur-
chased from Invitrogen (24, 25). Oral epithelial cells were seeded into
12-well plates at 0.5 X 10° cells/well 1 day prior to transfection. The
Lipofectamine 2000 reagent (Invitrogen) was used in the transfection,
following the manufacturer’s instructions. Two hundred nanomolar
siRNA (TACE or Duox1) or 200 nM negative-control siRNA (catalogue
number AM4611; Invitrogen) was used in the transfection. Real-time RT-
PCR was used to assess the siRNA effect, as described previously (24, 25).
HKS5 was also used as a housekeeping gene control to normalize the RNA
amount.

SDS-PAGE and immunoblotting. Epithelial cells were challenged
with A. baumannii for the times designated in Results. Cells were then
washed once with cold PBS and lysed with radioimmunoprecipitation
assay (RIPA) buffer (Santa Cruz, Santa Cruz, CA). The resulting cell lysate
was briefly sonicated and cleared by centrifugation at 10,000 rpm for 5
min. Equivalent amounts of protein (measured by use of a NanoDrop
spectrophotometer; Thermo Scientific, Wilmington, DE) from each sam-
ple were applied to a 12% (7.5% in the case of EGFR detection) SDS-
polyacrylamide gel (Bio-Rad), followed by transfer to a polyvinylidene
difluoride membrane (Millipore, Bedford, MA). After blocking with
5% skim milk, the membrane was probed with mouse antibody against
human EGFR (Millipore), phospho-mitogen-activated protein kinase
(phospho-MAPK; p44/42; Sigma-Aldrich, St. Louis, MO), or (-actin
(Santa Cruz), followed by probing with horseradish peroxidase-conju-
gated goat antimouse secondary antibody (Sigma-Aldrich). Specific
bands were visualized by use of SuperSignal West Dura extended duration
substrate (Thermo Scientific), and images were taken with a ChemiDoc
XRS+ imaging system (Bio-Rad).

hBD susceptibility test. hBD susceptibility tests were carried out as
described previously (21). Briefly, A. baumannii AB0057 and ATCC
17978 were cultured in LB broth. Overnight cultures of the respective A.
baumannii strains were washed twice with PBS, resuspended in 10 mM
phosphate buffer (pH 7.4), and adjusted to 2 X 10°> CFU/ml. Resuspended
bacteria were mixed with different concentrations of hBD-2/-3 (each vial
contained a 100-pl mixture with 10,000 CFU A. baumannii) and incu-
bated at 37°C for 3 h. The resulting mixture was then serially diluted, and
aliquots of the dilution were plated on LB agar plates. Colonies were
counted after 24 h incubation.

ADAMI10 and -17 inhibition. The ADAM10 inhibitor GI254023X (1
M) was a kind gift from Andreas Ludwig (26), and the ADAM17 inhib-
itor TNF-a processing inhibitor 1 (TAPI-1) (10 wM) was from Peptides
International (Louisville, KY). Respective inhibitors or dimethyl sulfoxide
was added to primary oral epithelial cells 30 min prior to addition of A.
baumannii. After overnight culture, RNA extraction and RT-PCR were
performed as described above.

Statistical analysis. Data are expressed as the mean = standard devi-
ation (SD). A Student unpaired ¢ test was used, with significance set ata P
value of <0.05.

RESULTS

A. baumannii is susceptible to hBD-2 and hBD-3. Human 3-de-
fensins have been shown to be active against bacteria, fungi, and
viruses (7, 12, 21). We tested the susceptibility of two strains of A.
baumannii: AB0057 and ATCC 17978. Both hBD-2 and hBD-3
exhibited concentration-dependent killing of both A. baumannii
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FIG 1 A. baumannii is susceptible to hBD-2 and hBD-3. Two strains of A. baumannii, AB0057 and ATCC 17978 (10,000 CFU/100 l), were incubated with
different concentrations of hBD-2 and -3, as described in Materials and Methods. hBD-3 was more effective at killing both strains. It eradicated both strains of
A. baumannii ata 0.0625 pM concentration. hBD-2 was less potent than hBD-3 in killing A. baumannii. hBD-2 effectively killed both strains of A. baumannii at
a 0.5 uM concentration. The results are the means of three independent experiments = SDs.

strains. As shown in Fig. 1, hBD-3 almost totally eradicated both
strains of A. baumannii at a 0.0625 .M concentration. hBD-2 was
less potent than hBD-3 in killing A. baumannii; however, hBD-2
also effectively killed both strains of A. baumannii at submicro-
molar concentrations.

Induction of hBD-2 and -3 by A. baumannii on primary oral
and skin epithelial cells. Through coculturing of epithelial cells
and A. baumannii (AB0057 or ATCC 17978), we found that both
hBD-2 and hBD-3 are induced upon A. baumannii challenge of
both oral and skin epithelial cells (Fig. 2A and B, respectively). We
previously showed that the cell wall of the oral commensal bacte-
rium Fusobacterium nucleatum (FnCW) induces hBD-2 (22, 27),
with very little hBD-3 expression being observed in primary oral
epithelial cells. We discovered that A. baumannii, in contrast to
FnCW, preferentially induced hBD-3 transcripts over hBD-2
transcripts. We also tested the oral epithelial cell line OKF6/Tert
(28) and found hBD-3 induction to be similar to that achieved
with the oral epithelial cells described above (data not shown). In
order to confirm the induction of defensins by A. baumannii at the
peptide level, we performed ELISA to measure the defensin levels
released into the supernatant of cocultured cells. As shown in Fig.
2C, AB0057 induced significantly more hBD-3 peptide than the
control and FnCW. These results also imply that hBD-3 is impor-
tant for the host innate immune response to A. baumannii chal-
lenge.
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hBD-3 induction by A. baumannii is EGFR dependent.
hBD-2 and hBD-3 are induced through different mechanisms.
Expression of hBD-2 generally requires NF-«kB activation (al-
though Krisanaprakornkit et al. [29] showed that with F. nuclea-
tum, hBD-2 induction in oral epithelial cells also involves p38 and
the Jun N-terminal protein kinase of MAPK), while that of hBD-3
is EGFR dependent (30). EGFR ligands, such as epidermal growth
factor (EGF) and insulin growth factor 1 (IGF-1), are able to in-
duce the expression of hBD-3, as well as other AMPs (31). There-
fore, we tested the role of EGFR in defensin induction on A. bau-
mannii-challenged epithelial cells. As shown in Fig. 3A, the level of
EGFR protein was not changed among control cells, AB0057-
treated cells, and cells treated with AB0057 and batimastat. Bati-
mastat is a wide-range inhibitor for matrix metalloproteinases,
including the TACE that is a cofactor for EGFR activation. This
suggests that the level of EGFR is not the mechanism through
which hBD-3 is induced.

We then tested the effect of EGFR blocking antibody and bati-
mastat on the induction of defensins. As shown in Fig. 3B, both
EGFR-neutralizing antibody and batimastat greatly reduced the
level of hBD-3 transcripts in A. baumannii-challenged oral and
skin epithelial cells, suggesting that hBD-3 is induced by A. bau-
mannii via an EGFR-dependent mechanism. hBD-2 transcripts
were not affected by EGFR-blocking antibody or batimastat (Fig. 3C).
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FIG 2 Induction of hBD-2 and -3 by A. baumannii on primary oral and skin epithelial cells. (A and B) Transcripts of both hBD-2 and hBD-3 were induced in
A. baumannii AB0057-challenged oral (A) and skin (B) epithelial cells. A. baumannii induced hBD-2 expression less than FnCW did on oral and skin epithelial
cells, while it produced a greater induction of hBD-3 transcripts than FnCW did. (C) As measured by ELISA, AB0057 induced a significantly larger amount of the

hBD-3 peptide than the control and FnCW. The results are the means of three independent experiments = SDs.

These findings are consistent with previous reports that hBD-2
induction is regulated by NF-kB and not EGFR (32, 33).

The MAPK pathway is involved in both the hBD-3 and
hBD-2 expression induced by A. baumannii. MAPK is impor-
tant for both EGFR signal transduction and NF-kB activation.
As shown in Fig. 4A, after 1 h coculture, there was phosphory-
lation of the MAPK substrate p44/42. MAPK activation
reached a peak at 2 h, and MAPK became quiescent after a 4-h
challenge. We further tested the effect of MAPK signaling path-
way inhibitors on the induction of hBD-2 and hBD-3 by A.
baumannii. As shown in Fig. 4B, PD98059 (an inhibitor of MEK)

and SB203580 (an inhibitor of p38) greatly reduced A. baumannii-
induced hBD-3 expression in both oral and skin epithelial cells.
Both inhibitors also reduced the expression of hBD-2 (Fig. 4C).
The results indicate that MAPK activation by A. baumannii is
important for both hBD-3 and hBD-2 induction in both epithelial
cell types.

TACE is involved in hBD-3 induction by A. baumannii on
epithelial cells. TACE (also known as ADAM17) and Duox1 are
involved in lipopolysaccharide (LPS)-triggered EGFR activation
in human airway epithelial cells (24, 25). We tested whether TACE
and Duoxl1 play any role in A. baumannii-induced hBD-3 expres-
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FIG 3 hBD-3 induction by A. baumannii is EGFR dependent.

—

A) Western blot of EGFR and B-actin control. The results are representative of those from three

independent experiments. After 2 h of coculture, the EGFR level was not changed in control cells, AB0057-treated cells, or cells treated with AB0057 plus
batimastat. (B) Expression of hBD-3. Both EGFR-neutralizing antibody and batimastat greatly reduced the level of hBD-3 transcripts in A. baumannii-challenged
oral and skin epithelial cells. (C) Expression of hBD-2. The level of the hBD-2 transcript was not affected by EGFR blocking antibody or batimastat. The results
shown in panels B and C are the means of three independent experiments * SDs. **, P < 0.01; ***, P < 0.001.

November 2014 Volume 82 Number 11 jaiasm.org 4461


http://iai.asm.org

Feng et al.

*x ok

120
A glOO § B
Control AB Control AB Control AB s
— 44 £ 80 -
-
- .t pa2 g 60 mOral
= £ 40 - N Skin
Q
e
&

- W

* kK
| Rk <
1 hour 2 hour 4 hour 01 i\\l\\\ : \K\

120 Control PD98059 SB203580
® 100 4 § C
E 80 | -

5
s *k
O 60 M Oral
s
£ s A Skin
5 40 -+ ok ok
8 T
0 {

Control PD98059 SB203580

FIG 4 The MAPK pathway is involved in both the hBD-3 and hBD-2 expression induced by A. baumannii. (A) Western blot of p42 and p44 protein levels
with B-actin asa control. The results are representative of those from three independent experiments. After 1 h of coculture, p44/42 was activated, reached its peak
at 2 h, and became quiescent after a 4-h challenge. AB, AB0057. (B) Expression of hBD-3. PD98059 (an inhibitor of MEK) and SB203580 (an inhibitor of p38)
greatly reduced the level of hBD-3 induction in both oral and skin epithelial cells cocultured with A. baumannii. (C) Expression of hBD-2. Both inhibitors also
reduced the level of expression of hBD-2. The results shown in panels B and C are the means of three independent experiments = SDs. **, P < 0.01; ***, P < 0.001.

sion. As shown in Fig. 5A, siRNA transfection significantly re- reduced hBD-3 induction (Fig. 5B). To confirm the involvement
duced the expression of TACE (P < 0.01) and Duox1 (P < 0.05). of TACE and to evaluate the possible role of another ADAM,
Moreover, TACE expression knockdown resulted in a significant ADAM]10, we tested specific TACE and ADAMI0 inhibitors,
loss of hBD-3 induction (P < 0.05) on A. baumannii-challenged ~TAPI-1 and GI254023X, respectively. As shown in Fig. 5C, the
oral epithelial cells, while Duox1 silencing enhanced rather than ~ADAM10 inhibitor reduced only 15% of hBD-3 induction (P >
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FIG 5 TACE is involved in hBD-3 induction by A. baumannii on epithelial cells. (A) Specific siRNA transfection significantly reduced the expression of TACE
(P <0.01) and Duox1 (P < 0.05). (B) TACE knockdown resulted in a significant loss of hBD-3 induction (P < 0.05) on A. baumannii-challenged oral epithelial
cells, while Duox1 silencing resulted in an increase in the level of hBD-3 induction (P > 0.05). (C) The specific ADAM17 inhibitor TAPI-1 significantly reduced
hBD-3 induction (P < 0.01). The ADAM10 inhibitor GI254023X (GI) had no effect on A. baumannii-stimulated hBD-3 induction. The results shown are the
means of three independent experiments = SDs. Cont, control; Neg, negative siRNA transfected; siRNA, specific siRNA transfected. **, P < 0.01; *, P < 0.05.
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0.10), while the TACE inhibitor significantly reduced hBD-3 in-
duction.

DISCUSSION

The discovery that 3-defensins originate in the mucosal epithe-
lium in mammals, including humans (30, 34), has led to the hy-
pothesis that these antimicrobial peptides (AMPs) function to
protect the host against microbes at these critical confrontational
sites. We previously found that two human B-defensins, hBD-1
and hBD-2, are expressed in gingival epithelial cells (34). hBD-1 is
constitutively expressed, while hBD-2 is inducible (22). hBD-3, a
more recently described member of the B-defensins, is also induc-
ible (7) and is expressed in healthy human oral epithelial cells (35).

March et al. recently found that A. baumannii induces IL-8 and
hBD-2 expression on airway epithelial cells and that the induction
of IL-8 is NF-kB and MAPK (p38 and p44/42) dependent (36). In
the present study, we focused on the induction of both hBD-2 and
hBD-3 by A. baumannii on primary oral and skin epithelial cells.
We previously showed that the Fusobacterium nucleatum cell wall
(FnCW) induces hBD expression on primary oral epithelial cells
(27). In contrast to the findings obtained with FnCW, we found
that A. baumannii induces hBD-3 better than it induces hBD-2,
suggesting that A. baumannii induces hBD expression via a mech-
anism different from that of FnCW.

EGFR ligands, such as EGF and transforming growth factor o
(TGFa), are able to induce the expression of LL-37 (cathelicidin),
hBD-3, neutrophil gelatinase-associated lipocalin (NAGL), and
secretory leukocyte protease inhibitor (SLPI), suggesting a com-
mon EGFR-dependent mechanism for the induction of certain
AMPs (31). We found that EGFR is expressed by oral epithelial
cells and that its expression level is not affected by A. baumannii
treatment (Fig. 3A). We also found that an EGFR-neutralizing
antibody and a protease inhibitor (batimastat) significantly re-
duced hBD-3 induction by A. baumannii, while the induction of
hBD-2 was not affected (Fig. 3B and C). Our findings add new
evidence to the EGFR dependency of hBD-3 expression.

We then further studied the involvement of the MAPK path-
way in the induction of hBD-2 and -3 by A. baumannii on epithe-
lial cells. As shown in Fig. 4, p44/42 activation reached the highest
level at 2 h and decreased at 4 h. Both an MEK inhibitor and a p38
inhibitor significantly reduced the induction of hBD-2 and hBD-3
on epithelial cells. This suggests that MEK and p38 are involved in
the induction of both hBD-2 and -3, a finding that is consistent
with the report that hBD-2 induction by A. baumannii is NF-kB
dependent (36).

We further investigated the mechanism of EGFR activation by
A. baumannii on epithelial cells. Recent studies of ADAM demon-
strated its role in the activation of EGFR (37). Al EGFR ligands are
expressed as membrane-anchored precursors, and the ectodo-
main (the active form) can be released by protease (38). ADAMs,
especially TACE and ADAM10, are involved in the shedding of six
out of seven EGFR ligands (transforming growth factor [TGFa],
EGF, heparin-binding [HB] EGF, betacellulin, epiregulin, and
amphiregulin [39]). There are reports to show that bacterial com-
ponents, such as LPS, can activate EGFR through dual oxidase 1
(Duox1), reactive oxygen species (ROS), TACE, and EGFR path-
ways (24, 25). We also studied the role of Duox1 and TACE in
hBD-3 induction by A. baumannii. As shown in Fig. 5, knocking
down of TACE significantly reduced the level of hBD-3 induction
by A. baumannii on epithelial cells. In contrast, knocking down of
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Duox1 increased the level of hBD-3 induction. Our findings ad-
vance the notion that although TACE plays a role in hBD-3 induc-
tion by A. baumannii on epithelial cells, Duox1 is not required for
hBD-3 induction. Therefore, further studies are warranted in or-
der to uncover the mechanism of TACE activation by A. bauman-
nii and the involvement of ROS in hBD-3 induction by A. bau-
mannii.

As additional confirmation of the involvement of TACE, we
used the TACE and ADAM10 inhibitors TAPI-1 and GI254023X,
respectively, and found that TAPI-1 significantly reduces hBD-3
induction, while GI254023X has little effect (Fig. 5C). This result
further confirms that A. baumannii-triggered hBD-3 induction on
epithelial cells is TACE but not ADAM10 dependent.

Several reports have indicated that EGFR activation plays a
critical role in hBD-3 induction in Candida esophagitis (33, 40)
and Helicobacter pylori infection (41). Here we showed that block-
ing of EGFR or inhibition of ADAM17 reduced the level of expres-
sion of hBD-3 induced by A. baumannii but had little effect on the
level of hBD-2 induction. This observation is in line with the find-
ings with Candida infections (33, 40). Together, these results sug-
gest that there might be a common theme in innate molecules
induced in the course of microbial infection. Further studies are
needed to compare the innate response of epithelial cells to differ-
ent types of microbial challenge. These studies will help us under-
stand how the human body fights infection and if a common in-
nate immune response that is mediated by epithelial cells exists
among different sites of the body.

Interaction between mucosal epithelial cells and A. baumannii
is a first important step of infection. By using primary epithelial
cells, we focused on the induction of AMPs by A. baumannii. We
found that (i) A. baumannii, including an MDR strain, is suscep-
tible to killing by hBD-2 and -3, (ii) challenge of epithelial cells
with A. baumannii causes the preferential induction of hBD-3
over that of hBD-2, and (iii) this induction is EGFR and TACE
(ADAM17) dependent. Further studies are needed to elucidate the
mechanisms of the host response to A. baumannii infection. Given
that the B-defensin gene copy number is variable in human pop-
ulations (42), it is possible that some interpersonal variation in
response to A. baumannii infection could be explained by varia-
tions in the extent of the hBD-3 response. This bears further in-
vestigation.
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