Neuraminidase-1 Desialylates the MUC1 Ectodomain to Release a Decoy Receptor that Protects against
Lethal Pseudomonas aeruginosa Lung Infection
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ABSTRACT RESULTS

Figure 3. NEUL Is required for Pa-induced
MUC1-ED desialylation and shedding.

Figure 5. Human recombinant MUC1-ED
Inhibits flagellin binding and Pa adhesion to
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mice were infected i.n. with 1.0x10°> CFUs/mouse of Pa. At 24 h post-
Infection, BALFs were incubated with PNA-agarose and the PNA-
binding proteins processed for MUCI1-ED immunoblotting. (B)
Densitometric analysis. (C) BALFs were processed for MUCI1-ED
levels by ELISA. (D) BALB/c mice were administered i.t. with Ad-
NEUl, Ad-NEU1-G68V, or Ad-Null. At 3 days post-infection, BALFs
were Incubated with PNA-agarose and the PNA-binding proteins

(A) BALB/c mice were administered intranasally (i.n.) with 1.0x10°
CFUs/mouse of WT PAK, the flagellin-deficient PAK/fliC* mutant, or
PBS and MUC1-ED levels in BALF quantified by ELISA. (B) At 24 h
post-infection with increasing inocula of WT PAK, MUC1-ED levels
In BALF were quantified by ELISA. (C) Mice were administered I.n.
with 1x10°> CFUs of the indicated strains of Pa, 10 ng of Pa or STm
flagellins, 10 ng of Pa rFlaA or rFlaB flagellins, 100 ng of Pa LPS, 10

as early as 12 h, peaked at 24-48 h, reaching up to a 7.8-fold
Increase, and decreased by 72 h. The a-type flagellin-expressing
PAK strain and the b-type flagellin-expressing PAO1 strain
stimulated comparable levels of MUC1-ED shedding. A flagellin-
deficient isogenic PAK mutant provoked dramatically reduced
MUC1-ED shedding compared with the wild-type strain, and purified
flagellin recapitulated the wild-type effect. In lung tissues, Pa

(A) Pa was incubated with 25 pM of human rMUC1-ED, the bacteria
were washed and incubated with mouse anti-MUC1-ED Ab or
nonimmune mouse IgG, followed by gold-labeled goat anti-mouse
IgG secondary Ab, and examined by transmission immunoelectron
microscopy. (B, C) Human rMUC1-ED or PBS were incubated with
Alexa Fluor 594-labeled Pa flagellin or Pa and assayed for (B)

Increased MUCI1-ED desialylation by peanut agglutinin lectin
blotting. NEU1-selective sialidase inhibition with C9-BA-DANA, or
use of a catalytically-inactive NEU1-G68V mutant, protected against
Pa-induced MUCI1-ED desialylation and shedding. MUC1-ED
Inhibition of Iin vitro Pa adhesion and flagellin binding to airway
epithelial cells was localized to its protein backbone and not to its
glycans. Finally, co-administration of Pa with human recombinant
(NMUC1-ED expressed in E. coli diminished lung and BALF
bacterial burden, proinflammatory cytokine levels, and pulmonary
leukostasis, and enhanced 5-day survival from 0% to 75%.

Conclusions: These combined data Iindicate that Pa flagellin
provokes NEU1l-mediated airway shedding of MUC1-ED as a decoy
receptor that protects against lethal Pa lung Iinfection. Human
'MUC1-ED might someday be harnessed as a therapeutic
Intervention to target Pa lung infections, including those associated
with multi-drug resistant organisms.

METHODS

ug of Pam,Cys-Ser-(Lys)4, or 10 ug of CpG ODN 1826. At 24 h
post-administration, MUC1-ED levels in BALF were quantified.

Figure 2. Purified Pa flagellin recapitulates

Pa-provoked MUC1-ED shedding in vivo.
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(A) BALB/c mice were administered i.n. with 10 ng/mouse of PAK
flagellin or PBS and MUC1-ED levels in BALF quantified by ELISA.
(B) Mice were administered increasing doses of PAK flagellin. At 24
h post-treatment, MUC1-ED levels in BALF were quantified by
ELISA. (C) Validation of mouse anti-FlaA and anti-FlaB antisera
using lysates of PAK (a-type) and PAO1 (b-type). (D) PAK bacteria
were preincubated with anti-FlaA antiserum or nonimmune mouse
serum, and PAO1l bacteria were preincubated with of anti-FlaB
antiserum or nonimmune mouse serum and washed. BALB/c mice
were administered 1.n. with the bacteria or PBS control, and MUC1-
ED levels in BALF guantified at 24 h post-administration.

processed for MUC1-ED immunoblotting. (E) Densitometric analysis.
(F) BALFs were processed for MUC1-ED levels by ELISA.

Figure 4. The deglycosylated protein

backbone of human MUC1-ED inhibits Pa
adhesion to human airway epithelial cells.
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(A) Pa bacteria were incubated with human MUC1-ED isolated from
supernatants of A549 airway epithelial cells infected with Ad-NEU1,
Ad-NEU1-G68V,or Ad-GFP, washed, and assayed for adhesion to
fresh, unmanipulated A549 cells. (B) Alexa Fluor 594-labeled Pa
flagellin was incubated with 25 mM of Gal or GalNAc, 25 mM Gal
plus 25 mM GalNAc, or PBS. The cells were washed and processed
for flagellin binding by fluorometry. (C) Pa was incubated with human
MUC1-ED isolated from the supernatants of A549 cells cultured In
the presence of 1.0 pg/ml tunicamycin, 5.0 uM GalNAc-O-bn, or
PBS, washed, and assayed for adhesion to fresh, unmanipulated
A549 cells. (D) Pa was incubated with human recombinant (r)MUC1-
ED prepared from E. coli transformed with a MUC1 expression
plasmid or E. coli transformed with the empty vector control,
washed, and assayed for adhesion to A549 cells.

flagellin binding or (C) Pa adhesion to Ad-NEU1-infected A549 cells.
(D) Human rMUCI1-ED or PBS were incubated with Pa and the
bacteria processed for motility.

Figure 6. Human recombinant MUC1-ED

protects against lethal Pa lung infection.
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(A-C) Pa (1.0x10°> CFUs/mouse) were co-administered i.n. with
Increasing concentrations of human rMUC1-ED or PBS to BALB/c
mice. (A) Pa CFUs in lung and BALF, (B) TNF-£ and KC levels In
BALF, and (C) myeloperoxidase (MPQO) activity Iin lung as a
biochemical marker of pulmonary leukostasis were measured at 24 h
post-administration. (D) Pa (1.0x10°>° CFUs/mouse) was co-
administered I.n. with 25 pg/kg of human rMUC1-ED or PBS to
BALB/c mice. At 24 h post-administration, lung sections were stained
with hematoxylin and eosin, and examined by microscopy. Scale bar,
50 uM. (E) Pa (2.0x107 CFUs/mouse) was co-administered i.n. with
125 or 250 pg/kg of human rMUC1-ED or PBS to BALB/c mice and
survival was measured daily by Kaplan-Meier analysis.

Supported by NIH grant 1R21-Al144497-01 and a University of Maryland Baltimore Institute for Clinical and Translational Research (ICTR) Accelerated Translational Incubator Pilot (ATIP) award (EPL), and VA grant 101BX002352 (SEG).


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKTPsqmQvcgCFchoPgodb8wOGw&url=http%3A%2F%2Fwww.clipartpanda.com%2Fcategories%2Fmouse-cartoon&psig=AFQjCNH-7cH3wtcwBqoEkLmwrjiz9rS03A&ust=1444745937968978
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKTPsqmQvcgCFchoPgodb8wOGw&url=http%3A%2F%2Fwww.clipartpanda.com%2Fcategories%2Fmouse-cartoon&psig=AFQjCNH-7cH3wtcwBqoEkLmwrjiz9rS03A&ust=1444745937968978
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOnLlfeRvcgCFUk-Pgod7bIMmQ&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FLung&bvm=bv.104819420,d.cWw&psig=AFQjCNGkt4_1eL_7klgB7L1-6nCsMZjbcw&ust=1444746403709550
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOnLlfeRvcgCFUk-Pgod7bIMmQ&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FLung&bvm=bv.104819420,d.cWw&psig=AFQjCNGkt4_1eL_7klgB7L1-6nCsMZjbcw&ust=1444746403709550

	Slide Number 1

