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Identification of Uteroglobin-Related Protein 1 and
Macrophage Scavenger Receptor with Collagenous Structure
as a Lung-Specific Ligand-Receptor Pair1

Liang-Hua Bin,* Larry D. Nielson,† Xinqi Liu,‡ Robert J. Mason,† and Hong-Bing Shu2*‡§

High in normal (HIN)-1 is a secreted protein highly expressed in normal breast epithelium and down-regulated in breast carci-
nomas. By searching GenBank expressed sequence tag databases, we identified HIN-2, a protein homologous to HIN-1. HIN-2 is
identical with a recently identified protein called uteroglobin-related protein 1 (UGRP1). Northern blot analysis demonstrated that
UGRP1 is specifically expressed by lung, but not by the other tissues examined. By in situ hybridization experiments, UGRP1 was
shown to be expressed by lung Clara-like cells in the bronchial epithelium and to be up-regulated in cystic fibrosis. In a mam-
malian expression system, secreted recombinant UGRP1 was copurified with apolipoprotein A-I. Using a retroviral vector-me-
diated expression cloning approach, we identified macrophage scavenger receptor with collagenous structure (MARCO) as a
receptor for UGRP1. Northern blot and in situ hybridization experiments indicated that MARCO is expressed by alveolar
macrophages in the lung. UGRP1 also bound to bacteria and yeast. LPS, a previously identified MARCO ligand, competed with
UGRP1 for binding to MARCO and bacteria. Our findings suggest that UGRP1-MARCO is a ligand-receptor pair that is probably
involved in inflammation and pathogen clearance in the lung. The Journal of Immunology, 2003, 171: 924–930.

H igh in normal (HIN)3-1 is a secreted protein highly ex-
pressed in normal human breast epithelium but is sig-
nificantly down-regulated in most breast carcinomas and

preinvasive lesions (1). The promoter of the HIN-1 gene is hyper-
methylated in the majority of breast cancer cell lines (1). Because
reintroduction of HIN-1 into breast cancer cells inhibits cell
growth, HIN-1 has been suggested to be a candidate tumor sup-
pressor (1).

HIN-1 has no significant homology with any known cytokines
or growth factors, and its biological functions and action mecha-
nisms remain unknown (1). We reasoned that HIN-1 could be a
prototypic member of a novel family of secreted proteins. We
searched the expressed sequence tag (EST) databases for novel
molecules homologous to HIN-1. This effort identified a protein
designated as HIN-2. While this work was in progress, a protein
identical with HIN-2, called uteroglobin-related protein 1
(UGRP1), was identified (2, 3).

UGRP1 was identified in a suppressive-subtractive hybridiza-
tion experiment using lung mRNAs from normal and TTF-1 (also
called NKX2.1 and T/EBP) knockout mice (2). TTF-1 is a home-
odomain-containing transcription factor that is critically involved
in thyroid- and lung-specific expression of genes, such as the thy-
roid-specific thyroglobin, thyroid peroxidase, and thyroid-stimu-
lating hormone receptor, and the lung-specific surfactant pro-
teins-A, -B, and -C (4–10). Targeted disruption of the TTF-1 gene
results in a deficiency of the thyroid and pituitary glands and the
immediate postnatal death of the knockout mice due to respiratory
failure caused by severe hypoplastic lungs (11). These studies in-
dicate critical roles for TTF-1 and its downstream genes in phys-
iological and pathological processes of the lung, thyroid, and pi-
tuitary gland.

In this paper, we describe the further characterization of HIN-2/
UGRP1. Using an expression cloning approach, we also identified
macrophage scavenger receptor with collagenous structure (MARCO)
(12–17) as a receptor for HIN-2/UGRP1. Our findings suggest that
HIN-2/UGRP1 and MARCO are a novel ligand-receptor pair in-
volved in lung inflammation and pathogen clearance in the lung.

Materials and Methods
Cells and reagents

293 and U937 (American Type Culture Collection, Manassas, VA), 292–
10A1 (Imgenex, San Diego, CA), and lung cancer A549, H28, H157,
H290, H322, H441, H460, and H661 cells (Colorado University Cancer
Center, Denver, CO) were obtained. U937 cells were cultured in RPMI
1640 medium containing 10% FBS. All other cell lines were cultured in
DMEM medium containing 10% FBS. The bacteria strains Listeria mono-
cytogenes NP1.0 (Dr. T. Potter (National Jewish Medical and Research
Center, Denver, CO)) and Pseudomonas aeruginosa (Dr. M. Vasil (Uni-
versity of Colorado Health Sciences Center, Denver, CO)) were provided.
The anti-FLAG mAb was purchased from Sigma-Aldrich (St. Louis, MO).
N-terminal FLAG-tagged soluble TALL-1 (sTALL-1-FLAG) was pro-
duced in 293 cells and purified by anti-FLAG Ab affinity columns as de-
scribed previously (18).

Plasmids

To construct the mammalian expression plasmid for FLAG-UGRP1, a
cDNA fragment encoding full-length human UGRP1 was amplified from a
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UGRP1 EST clone by PCR with the following two primers: 5�-cggaattc-
cccagataactgtca-3� and 5�-acatctagacaccaagtgtgatagc-3�. To construct the
mammalian expression plasmid for FLAG-HIN-1, a cDNA fragment en-
coding full-length human HIN-1 was amplified from a HIN-1 EST clone by
PCR with the following two primers: 5-cggaattcccccgcgccatgaagctc-3� and
5�-acatctagagccaaacactgtcagg-3�. The PCR products were digested with
EcoRI and XbaI, and inserted into the EcoRI and XbaI sites of pRK-C-
FLAG plasmid to make pRK-C-FLAG-UGRP1 and pRK-C-FLAG-HIN-1.
To construct the mammalian expression plasmid for MARCO, a cDNA
fragment encoding full-length human MARCO was amplified by PCR
from a MARCO-expressing cell clone obtained from the expression clon-
ing (see Results) and cloned into MSCV-IRES-GFP (provided by Dr. P.
Marrack (National Jewish Medical and Research Center)) to make
MSCV-MARCO-GFP.

In situ hybridization

In situ hybridization was performed as previously described (19). Briefly,
the lungs were fixed in freshly prepared 4% paraformaldehyde and em-
bedded in paraffin. Radiolabeled sense and antisense riboprobes were tran-
scribed with [33P]UTP from full-length cDNAs that were previously cloned
into plasmid pGEM-T easy (Promega, Madison, WI). Sections were hy-
bridized and processed as described previously (19).

Transfection

Transfection of 293 and 293–10A1 cells was performed with a standard
calcium phosphate precipitation method (20).

Western blotting

To detect UGRP1-FLAG expression, 293 cells (�3 � 106) were trans-
fected with 10 �g of pRK-C-FLAG-UGRP1 or an empty control plasmid.
Twenty-four hours after transfection, 5 ml of cell culture medium was
collected and lyophilized. The lyophilized powder was dissolved in 500 �l
of 1� SDS-PAGE loading buffer. Ten microliters of the sample was frac-
tionated by 15% SDS-PAGE gel, and Western blot analysis was performed
with a monoclonal anti-FLAG Ab.

Protein purification

To purify C-terminal FLAG-tagged UGRP1 (UGRP1-FLAG) or HIN-1
(HIN-1-FLAG), �2 liters of conditioned medium of 293 cells transfected
with pRK-C-FLAG-UGRP1 or pRK-C-FLAG-HIN-1 were collected and
supplemented with 10 mM Tris (pH 7.5) and 150 mM NaCl. The condi-
tioned medium was loaded into a 2-ml anti-FLAG Ab affinity chromatog-
raphy column (Sigma-Aldrich). The column was washed with 12 ml of
TBS three times. The bound proteins were eluted with 100 �g/ml FLAG
peptide (Sigma-Aldrich) and quantitated by SDS-PAGE and Coomassie
blue staining.

Protein sequencing

Two micrograms of the purified proteins were fractionated on SDS-PAGE,
transferred onto polyvinylidene difluoride membrane in 1� CAPS buffer
(10 mM CAPS (pH 11) and 10% methanol). The blot was stained with
0.1% Coomassie blue R-250 in 40% methanol/1% acetic acid for 1 min and
then washed with water; the bands were subjected to N-terminal protein
sequencing, which was performed by National Jewish Medical and Re-
search Center protein sequencing core facility.

Flow cytometry analysis

Cells (�1 � 106) were incubated with 100 ng of the purified UGRP1-
FLAG or HIN-1-FLAG in 200 �l of staining buffer (PBS containing 2%
FBS) at 4°C for 20 min, and then sequentially incubated with anti-FLAG
mAb (1 �g/ml) and RPE-conjugated goat anti-mouse IgG (1/200 dilution)
in staining buffer, each for 30 min. Cells were washed twice with staining
buffer after each incubation. Cellular fluorescence was measured with a BD
Biosciences (Mountain View, CA) FACScan flow cytometer.

Expression cloning

Human lung cDNA retroviral expression library was purchased from Strat-
agene (La Jolla, CA). This library contains 1.8 � 108 independent clones.
Plasmid DNA (150 �g) prepared from the library was transfected into
293–10A1 packaging cells (�5 � 107) by the standard calcium phosphate
precipitation method. Recombinant retroviruses released into the culture
medium were harvested 48 h after transfection and used to infect U937
cells (�5 � 107) in the presence of polybrene (8 �g/ml). Two days after
infection, the cells were incubated with FLAG-UGRP1 (1 �g/ml) in stain-
ing buffer for 30 min and then panned with goat anti-mouse IgG mi-

crobeads (Miltenyi Biotec, Bergisch Gladbach, Germany) in degassed
buffer (1� PBS plus 2 mg/ml BSA). UGRP1-FLAG-staining positive cells
were isolated by MiniMACS separation column (Miltenyi Biotec) follow-
ing procedures suggested by the manufacturer. The isolated cells were
amplified and subjected to another round of UGRP1-FLAG staining and
MiniMACS separation.

The isolated cells were confirmed for UGRP1-FLAG binding by flow
cytometry. Total RNA from these cells was prepared using the TRIzol
(Invitrogen, Carlsbad, CA) method. Reverse transcription was then per-
formed using the Script RT II kit (Invitrogen, Carlsbad, CA). cDNA inserts
were amplified by PCR with the pFB retroviral vector primers, 5�-ggctgc
cgaccccgggggtgg-3� and 5�-cgaaccccagagtcccgctca-3�. The amplified cDNA
fragments were subcloned into the TA vector (Promega) and sequenced.

Northern blot analysis

Total RNA from the lung cancer cell lines and peripheral blood T cells and
monocytes was prepared using the TRIzol method, fractionated in 1.2%
agarose gels, and transferred to nitrocellulose membranes. Human multiple
tissue RNA blots were purchased from Clontech (Palo Alto, CA). The blots
were also hybridized under highly stringent conditions with [32P]cDNA
probes corresponding to human UGRP1 or MARCO coding sequences.

Bacteria and yeast binding assays

Bacteria strains L. monocytogenes NP1.0 and P. aeruginosa were grown in
Luria-Bertani medium. Yeast strain CG1945 was grown in yeast extract/
peptone/dextrose medium. Five hundred microliters of log-growth phase
bacteria or yeast (OD600 � 0.5) were centrifuged and resuspended in 50 �l
of PBS supplemented with 1 mg/ml BSA. To kill the bacteria or yeast, the
sample was heated to 80°C for 15 min. The live or heat-killed bacteria or
yeast was incubated with 0.2 �g of UGRP1-FLAG for 20 min, and then
washed with PBS three times. The samples were lysed in 20 �l of SDS-
PAGE loading buffer and analyzed by Western blotting with an
anti-FLAG mAb.

Results
Identification of HIN-2/UGRP1 as an HIN-1 homologous protein

To identify a potential protein homologous to HIN-1 protein, we
searched GenBank EST databases. We identified several human
EST clones that encode a novel HIN-1-homologous protein, which
we designated HIN-2. Because HIN-2 is identical with the recently
identified UGRP1 (2), we refer to HIN-2 as UGRP1 below to avoid
confusion. Human UGRP1 protein contains 93 aa and shares
�43% sequence identity with HIN-1 (Fig. 1A). Structural analysis
with pSignal software program suggests that UGRP1 contains a
putative signal peptide at its N terminus.

Expression of human UGRP1

Recently, it has been shown that mouse UGRP1 mRNA is pre-
dominantly expressed in the lung and is expressed at a low level in
the thyroid (2, 3). We examined the tissue distribution of human
UGRP1 mRNA expression. Human UGRP1 mRNA was specifi-
cally expressed in the lung as a single �0.8-kb band and not de-
tected in other tissues examined, which included the heart, brain,
placenta, liver, skeletal muscle, kidney, pancreas, spleen, thymus,
prostate, testis, small intestine, ovary, colon, and peripheral blood
leukocytes (Fig. 1B).

To determine the cell types in the lung that express UGRP1, we
performed in situ hybridization experiments. The result suggests
that human UGRP1 is specifically expressed by the epithelial cells
(Fig. 1Ca). Based on the spatial distribution pattern, the UGRP1-
expressing epithelial cells are probably Clara cells of bronchioles.
Furthermore, we found that human UGRP1 was up-regulated in
the lung epithelial cells of a patient with cystic fibrosis compared
with normal lung (Fig. 1Cb).

To determine whether human UGRP1 is a secreted protein, we
made a mammalian expression plasmid for C-terminal FLAG-
tagged UGRP1. This plasmid was transiently transfected into 293
cells, and secretion of UGRP1-FLAG in the cell culture medium
was confirmed by Western blot analysis with anti-FLAG Ab (data

925The Journal of Immunology
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not shown). To facilitate functional analysis of UGRP1, we puri-
fied UGRP1-FLAG from the conditioned medium with an anti-
FLAG Ab affinity column. Coomassie blue staining of the purified
proteins and Western blot analysis with anti-FLAG Ab suggest
that UGRP1 exists as two forms: a �9-kDa unmodified form and
a �13-kDa modified form (Fig. 2). To determine whether the pu-
tative N-terminal signal peptide is cleaved and the exact natural
cleavage site, we performed N-terminal amino acid sequencing of
the two forms of purified UGRP1-FLAG proteins. These experiments
suggest that the first amino acid of the secreted UGRP1-FLAG pro-
teins is phenylalanine at amino acid position 22. Our results suggest
that the N-terminal 21 aa of UGRP1 is an authentic signal peptide and
the mature UGRP1 protein contains aa 22–93 (Fig. 1A).

In the purification experiments, a �26-kDa protein consistently
copurified with UGRP1-FLAG (Fig. 2). N-terminal amino acid-se-
quencing analysis indicates that this protein is apolipoprotein A-I

(ApoA-I), a major protein component of high density lipoprotein
(HDL). Similarly, we expressed and purified HIN-1-FLAG and found
that ApoA-I was also copurified with HIN-1-FLAG (data not shown).
However, ApoA-I did not copurify with the soluble TNF family
member sTALL-1-FLAG under similar conditions, suggesting that
ApoA-I is specifically associated with UGRP1 and HIN-1.

Identification of MARCO as a receptor for UGRP1 by
expression cloning

Because UGRP1 is a secreted protein, we determined whether it binds
to cell surface receptor(s). To do this, we incubated UGRP1-FLAG
with several cancer cell lines and performed flow cytometry analysis
with anti-FLAG Ab. UGRP1-FLAG bound to the plasma membrane
of several lung-derived cancer cell lines, including A549, H290,
H322, and H292. In the same experiments, UGRP1-FLAG did not
bind to monocytic U937 cells (data not shown). These data suggest

FIGURE 1. Cloning and tissue distribu-
tion of human UGRP1. A, Sequence align-
ment of human UGRP1 and HIN-1. The
experimentally determined cleavage site
(see Results for details) is indicated by the
arrow. The signal peptides are underlined.
B, Northern blot analysis of human
UGRP1 mRNA expression. Human multi-
ple tissue mRNA blots were hybridized
with a probe corresponding to the coding
sequence of human UGRP1 cDNA. C, In
situ hybridization analysis of human
UGRP1 expression in normal human lung
(a) and the lung from a patient with cystic
fibrosis (b). Arrows point to positive cells.
A sense control probe did not detect any
positive cells (data not shown).
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that membrane receptor(s) exists for UGRP1. To identify the recep-
tor(s) for human UGRP1, we performed expression cloning. Briefly,
we transfected �5 � 107 of 293–10A1 packaging cells with �150 �g
of human lung cDNA retroviral expression library plasmid by cal-
cium phosphate precipitation. Forty-eight hours after transfection, the
recombinant virus-containing medium was collected to infect �5 �
107 of U937 cells, which do not express UGRP1 receptor(s). The
infected cells were incubated sequentially with UGRP1-FLAG and a
monoclonal anti-FLAG Ab. The UGRP1-FLAG-bound cells were
isolated by panning with goat anti-mouse IgG microbeads in a Mini-
MACS separation column. The isolated cells were amplified and sub-
jected to another round of panning. After two rounds of panning, the
majority of cells stained positive with UGRP1-FLAG (Fig. 3A), sug-
gesting that these cells expressed UGRP1 receptor(s). We then per-
formed RT-PCR to recovery the cDNAs in the retroviral vectors in-
tegrated into the UGRP1-FLAG-staining positive U937 cells. Two
specific bands, 2.1 and 1.2 kb, respectively, were obtained from these
experiments (Fig. 3B). DNA-sequencing analysis suggested that these
two bands represent cDNAs encoding full-length human MARCO
and lung surfactant protein C (SP-C), respectively (Fig. 3B).

To determine whether MARCO and SP-C are true UGRP1 re-
ceptors, we subcloned their full-length cDNAs into the MSCV-
IRES-GFP retroviral vector, which contains an IRES element fol-
lowed by the GFP cDNA. We transduced these vectors into U937
cells by retroviral-mediated gene transfer and sorted the GFP-pos-
itive cells. Flow cytometry analysis of the GFP-positive cells with

FIGURE 4. UGRP1 and HIN-1 bind to MARCO. A, UGRP1 binds to
MARCO but not SP-C. U937 cells were transduced with MSCV-SP-C-
IRES-GFP or MSCV-MARCO-IRES-GFP by retroviral mediated gene
transfer. GFP-positive cells were sorted, incubated with UGRP1-FLAG
protein or buffer control, and analyzed for their binding to UGRP1-FLAG
by flow cytometry with anti-FLAG Ab. B, HIN-1 binds to MARCO. The
experiments were performed as in A, except that HIN-1-FLAG was used in
the flow cytometry analysis.

FIGURE 2. Purification and characterization of recombinant human
soluble UGRP1 protein. 293 cells were transfected with expression plas-
mids for C-terminal FLAG-tagged UGRP1 or sTALL-1. Recombinant
UGRP1 or sTALL-1 proteins secreted into conditioned medium were pu-
rified by anti-FLAG affinity columns. Aliquots of the purified proteins were
fractionated by SDS-PAGE, stained with Coomassie blue (lanes 1 and 2),
or analyzed by Western blot with anti-FLAG Ab (lane 3).

FIGURE 3. Expression cloning of human UGRP1
receptor(s). A, Isolation of UGRP1-FLAG-binding pos-
itive U937 cells. U937 cells were transduced by a hu-
man lung cDNA retroviral expression library. UGRP1-
FLAG-binding positive cells were sorted by flow
cytometry. The sorted cells and parent cells were am-
plified and analyzed for their ability to bind to UGRP1-
FLAG by flow cytometry. B, Isolation of cDNA inserts
from UGRP1-FLAG-binding positive U937 cells.
cDNA inserts in the cells were amplified by RT-PCR,
and the bands were sequenced. The sequence identities
of the bands are indicated at the right.
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anti-FLAG Ab indicated that UGRP1-FLAG bound to MARCO-
but not SP-C-transduced cells (Fig. 4). In these experiments,
sTALL-1-FLAG did not bind to either MARCO- or SP-C-trans-
duced cells (data not shown). These data indicate that MARCO,
but not SP-C, is a specific receptor for UGRP1.

MARCO is also a receptor for HIN-1

Because HIN-1 is highly homologous to UGRP1, we determined
whether HIN-1 can also bind to MARCO. We transduced MARCO
into U937 cells and found that HIN-1-FLAG could bind to
MARCO as suggested by flow cytometric analysis with anti-
FLAG Ab (Fig. 4). These data suggest that UGRP1 and HIN-1 can
bind to the same receptor.

MARCO is expressed by alveolar macrophages in the lung

It has been reported that mouse MARCO is expressed mostly in
subsets of macrophages located in the peritoneum, marginal zone
of the spleen, and the medullary cord of lymph nodes (12–14, 16).
Consistent with a previous report (15), we found that human
MARCO is expressed at the highest level in lung and liver, and
barely detectable in other examined tissues, including the heart,
brain, placenta, skeletal muscle, kidney, pancreas, spleen, thymus,
prostate, testis, small intestine, ovary, and colon (Fig. 5A).
MARCO is also expressed by primary human monocytes but not
by T lymphocytes (Fig. 5A).

To determine the cell types in the lung that express MARCO, we
performed in situ hybridization experiments. MARCO was de-
tected in alveolar macrophages, but not other cell types (Fig. 5B).

UGRP1 binds to bacteria and yeast

Previously, it has been shown that LPS is a ligand for MARCO,
and MARCO is involved in clearance of bacteria by binding to bac-
teria (12–14, 16). In flow cytometric experiments, we found that LPS
could compete with UGRP1 for binding to MARCO (Fig. 6A).

We then examined whether UGRP1 can bind to bacteria. We
used two lung-tropic bacteria strains, the Gram-positive L. mono-
cytogenes NP 1.0 strain and the Gram-negative P. aeruginosa 01
strain. We incubated UGRP1-FLAG protein with live and heat-
killed bacteria and then determined whether UGRP1-FLAG binds
to bacteria by Western blot analysis with anti-FLAG Ab. The re-
sults indicate that UGRP1 binds to both live and heat-killed stains
(Fig. 6B). Interestingly, UGRP1 also binds to live or heat-killed
yeast strain Y190 (Fig. 6B). In the same experiments, sTALL-1-
FLAG did not bind to bacteria or yeast (Fig. 6C), suggesting that
the binding of UGRP1 to bacteria and yeast is specific.

Because UGRP1 binds to Gram-negative bacteria, we deter-
mined whether UGRP1 directly binds to LPS. To test this, we
determined whether addition of LPS can block binding of UGRP1
to P. aeruginosa. As shown in Fig. 6C, LPS inhibited UGRP1
binding to P. aeruginosa in a dose-dependent manner, suggesting
UGRP1 binds to LPS.

UGRP1 can bind to Gram-positive bacteria and yeast, which do
not contain LPS, suggesting UGRP1 can also bind to other micro-
biological substances in addition to LPS. Interestingly, it has been
demonstrated previously that MARCO can also bind to Gram-pos-
itive bacteria and unopsonized environmental particles. It is pos-
sible that UGRP1 and MARCO are involved in host defense
against a wide range of microorganisms and other pathogens.

Discussion
In the present study, we identified human UGRP1 and demon-
strated that human UGRP1 is specifically expressed by epithelial
cells of the bronchioles. Human UGRP1 is a secreted protein, and
the mature protein contains aa 22–93. Using expression cloning
approach, we identified MARCO as a UGRP1 receptor. In North-
ern blot and in situ hybridization experiments, we found that

FIGURE 5. Expression of MARCO. A, Northern
blot analysis of MARCO mRNA expression in human
tissues and cells. mRNA blots were hybridized with a
probe corresponding to the coding sequence of
MARCO cDNA. B, In situ hybridization analysis of
MARCO expression in normal human lung. Arrows
point to positive cells. A sense control probe did not
detect any positive cells (data not shown).
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MARCO is expressed by alveolar macrophages in the lung, sug-
gesting that UGRP1 and MARCO are involved in functional in-
teraction between epithelial cells of the bronchioles and alveolar
macrophages. In flow-cytometric experiments, UGRP1 bound to
several lung cancer cell lines, including A549, H290, H322, and
H292. Northern blot analysis indicated that these cell lines express
MARCO (data not shown), which is consistent with our conclusion
that MARCO is a receptor for UGRP1. Currently, we cannot ex-
clude the possibility that UGRP1 also interacts with additional
receptors.

MARCO is a member of the class A scavenger receptor family
(12–17). The protein contains a short intracellular N-terminal do-
main, a transmembrane domain, an extracellular region with a
short spacer, a collagenous domain, and a C-terminal cysteine-rich
domain. Previously, MARCO has been shown to bind to Gram-
positive and -negative bacteria and unopsonized environmental
dusts and is critically involved in the clearance of these pathogens
in vivo (12–17). Our experiments suggest that UGRP1 can bind to
MARCO, and this binding is inhibited by LPS. We also found that
UGRP1 can bind to Gram-positive and -negative bacteria and
yeast. In addition, our in situ hybridization experiments indicated
that UGRP1 is up-regulated in the lung epithelial cells of a patient
with cystic fibrosis compared with normal lung. Taken together,
these data point to the possibility that UGRP1 acts as an opsonin,
and the UGRP1-MARCO ligand-receptor pair is involved in clear-
ance of pathogens in the lung.

In our biochemical purification experiments, we found that
ApoA-I was copurified with UGRP1. This association is specific,
because ApoA-I did not bind to the control sTALL-1-FLAG.
ApoA-I is the major component of HDL (21). Interestingly, it has
been shown previously that ApoA-I binds to scavenger receptor
class B type I, a receptor that belongs to the scavenger receptor
family as MARCO does (21). In addition, HDL has been found to
neutralize LPS activity in vitro and in animals, including LPS-
induced release of proinflammatory cytokine (22, 23). It is possible
that UGRP1 is one mediator of HDL-induced regulation of lung
inflammation. Our studies also suggest that UGRP1 is up-regulated
in the lung of patients with cystic fibrosis, further supporting a role
of UGRP1 in the modulation of lung inflammation.

The lung epithelium is the first barrier for defense against in-
haled pathogens in the lung. The lung epithelial cells secret abun-
dant antimicrobial peptides such as �-defensins and LL37 to kill
bacteria (24–26). Other proteins, such as the uteroglobin/Clara cell
secretary protein (CCSP) family members, are also secreted by the
airway epithelial cells and abundantly expressed in the lung (27–
29). CCSP is a 16-kDa protein that is secreted by Clara cells of the
lung. Gene knockout experiments have shown that CCSP is an
important modulator of lung inflammation following infection or
injury (27, 29, 30). Interestingly, UGRP1 has �25% amino acid
sequence identity with CCSP, and both are secreted by Clara-like
cells in the lung. It is possible that UGRP1 is functionally related
to CCSP. The exact roles of UGRP1 in lung physiological and
pathological processes need to be further investigated. Our current
study provides an important basis for this future effort.
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