
Summary. We have shown both LLC1 expression in the
lung epithelium by in situ hybridization and its
inactivation in lung cancer by epigenetic modification.
However, LLC1 protein’s cellular localization or its role
in normal lung or cancer tissues has not yet been
evaluated. In the present study, a monoclonal antibody
against recombinant LLC1 was produced, and
immunohistochemical staining was performed on arrays
including various human tissues, normal lung and non-
small cell lung cancer (NSCLC) tissues for LLC1
localization. The immunohistochemical results showed
LLC1 expression in the cilia of normal-airway epithelial
cells and in the cytoplasm of type II pneumocytes in
bronchiectatic patients, but no expression in most of the
NSCLC tissues, which is consistent with our previous
report positing LLC1 as a tumor suppressor. However,
LLC1 over-expression in NSCLC cell lines NCI-H1299
and NCI-H23 did not show any change in proliferation
or migration, which does not indicate any LLC1 tumor-
suppressor role. As for the other human tissues, LLC1
was localized in renal tubular cells, pancreatic acinar
cells, and epithelial cells of the stomach, duodenum, and
gallbladder. In summary, our findings suggest that LLC1
is not a tumor suppressor, and that it is localized in the
cilia of the normal lung epithelium but is absent in most
NSCLC cases, probably due to the loss of cilia during
lung carcinogenesis.
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Introduction 

Lung cancer is the second most common cancer and
the leading cause of cancer-related deaths worldwide
(Dela et al., 2011; Siegel et al., 2012). The exact
carcinogenic process is still only incompletely
understood. The typically advanced stage at diagnosis,
the limited treatment options, and the poor survival for
lung cancer have motivated researchers to identify the
roles of the various carcinogenesis-involved genes or
proteins that might add to the foundational knowledge
necessary for effective disease prevention and treatment.

LLC1 gene (or c20orf85), located on chromosome
20q13.3, encodes a protein containing 137 amino acids.
It is well conserved in various mammals such as the
mouse, bovine and canis at the genomic level, but its
homologs in lower animals such as zebrafish or C.
elegans have yet to be found, which suggests that this
gene has evolved in higher organisms, especially in
mammals (Hong et al., 2007). In our previous study
employing RNA in situ hybridization, expression of
LLC1 was localized in human lung epithelial cells. We
also identified LLC1 as a gene whose expression is
frequently inactivated in NSCLC by promoter CpG
island methylation, thus implicating its role in lung
tumorigenesis (Hong et al., 2007). Consistent with this
report of ours is a more recent one showing that LLC1 is
one of the most highly expressed genes in the small-
airway epithelium (Hackett et al., 2012). Another report

Immunohistochemical localization 
of LLC1 in human tissues and its limited 
expression in non-small cell lung cancer
Vishal Chandra1, Yong-Bock Choi1, Hai-Li Hwang1, Jeong-Hwa Lee1, Seong-Yeol Park1, 
Hyun-Kyoung Kim1, Shiv Poojan1, Jae-Soo Koh2, Han-Seong Kim3 and Kyeong-Man Hong1
1Research Institute, National Cancer Center, Ilsandong-gu, Goyang, 2Department of Pathology, Korea Cancer Center Hospital,
Nowon-gu, Seoul and 3Department of Pathology, Ilsan Paik University Hospital, Ilsanseo-gu, Goyang, Korea

Histol Histopathol (2015) 30: 1111-1120

http://www.hh.um.es
Histology and
Histopathology
Cellular and Molecular Biology

Offprint requests to: Kyeong-Man Hong MD, PhD, Cancer Cell and
Molecular Biology Branch, Research Institute, National Cancer Center,
323 Ilsan-ro, Ilsandong-gu, Goyang 410-769, Korea, kmhong@ncc.re.kr
DOI: 10.14670/HH-11-608



(Kim et al., 2007), however, has shown LLC1 mRNA
expression both in lung cancers and in normal lung,
thereby highlighting the necessity for clearer
identification of LLC1’s role during lung carcinogenesis.
Meanwhile, higher expression of LLC1 has been
reported in recurrent than in non-recurrent oral cancer
(Exarchos et al., 2012), which fact suggests a possible
role for LLC1 as a prognostic indicator. Since most of
these studies are based on mRNA quantitation and lack
subcellular-specific localization, LLC1’s expression and
functional roles during carcinogenesis have not been
elucidated; indeed, a more specific localization study
proceeding by immunohistochemistry with a specific
antibody is needed. To this end, the present study
produced a specific monoclonal antibody against human
recombinant LLC1 protein and performed
immunohistochemical staining in human normal lung,
lung cancer tissues, and various other human tissues.
Further, to elucidate its functional role in lung
tumorigenesis, changes in proliferation or migration
were assessed in LLC1-overexpressed lung cancer cells.
Materials and methods

Cell culture and tissue arrays

The NSCLC cell lines include NCI-H1703
(squamous cell; NSCLC), WI26 (human diploid
fibroblast cell line from embryonic lung tissue), NCI-
H23 (adenocarcinoma; NSCLC), and NCI-H1299
(carcinoma; NSCLC) (all from ATCC, Manassas,
Virginia), and the cells were cultured in RPMI or
DMEM culture media (Thermo Fisher Scientific
Hyclone, Logan, UT) containing 10% fetal bovine serum

(Thermo Fisher Scientific Hyclone, Logan, UT) at 37°C
and 5% CO2. The tissue array AA9 (SuperBioChip,
Seoul, Korea), contains various human normal tissues
including breast, lung, kidney, liver, gastrointestinal
tract, cervix, ovary, thyroid, brain, and many others
(Table 2). CCA4 and CC5 (SuperBioChip) contains
various lung cancer tissues including NSCLC (squamous
cell carcinoma, adenocarcinoma, adenosquamous
carcinoma, bronchioloalveolar carcinoma, large cell
carcinoma, mucoepidermoid carcinoma, malignant
mesothelioma, mucinous adenocarcinoma, adenoid
cystic carcinoma), small cell carcinoma and other
combined small cell and adenocarcinoma or
carcinosarcoma (Table 1). HA1 (SuperBioChip) is a
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Table 1. Immunohistochemical localization of LLC1 protein in various
types of human lung cancer.

Histologic Type No. of Samples Positive*

NSCLC
Squamous cell carcinoma 50 3
Adenocarcinoma
Branchioloalveolar carcinoma 13 7
Mucinous adenocarcinoma 1 0
Others 14 3
Large cell carcinoma 8 0
Adenosquamous carcinoma 4 2
Mucoepidermoid carcinoma 5 1
Adenoid cystic carcinoma 1 0
Carcinosarcoma 2 0

Others
Malignant mesothelioma 1 0
Small- cell carcinoma 2 0
Combined small -cell and adenocarcinoma 1 0

Total 102 16 (15.6%)

*In the evaluation of LLC1 immunohistochemical staining, moderate or
strong intensity staining of more than 5% of cancer cells was considered
positive; any other result was considered negative.

Table 2. Immunohistochemical localization of LLC1 protein in various
normal human tissues.

Human Tissue No. of Samples Positive*

Skin 2 0
Breast 2 0
Spleen 2 0
Lymph node 2 0
Nasal Mucosa 1 1
Subcutis 1 0
Skeletal muscle 1 0
Bronchus 1 1
Salivary gland 1 0
Heart 1 0
Lungs 2 2
Liver 3 0
Gall bladder 1 1
Pancreas 2 1
Tonsil 1 0
Esophagus 2 0
Stomach body 2 0
Stomach antrum 1 1
Stomach smooth muscle 1 0
Duodenum 1 1
Small bowel 2 2
Appendix 1 0
Colon 2 0
Rectum 1 0
Kidney cortex 2 2
Kidney medulla 1 0
Urinary bladder 1 0
Prostate 2 0
Seminal vesicle 1 0
Testis 1 0
Endometrium, proliferative 1 0
Endometrium, secretory 1 0
Myometrium 1 0
Uterine cervix 1 0
Salpenix 1 1
Overy 1 0
Placenta 2 0
Umbilical cord 1 0
Adrenal gland 1 0
Thyroid 1 0
Thymus 1 0
Brain white matter 1 0
Brain gray matter 1 0
Cerebellum 1 0
Total 59 11



human fetal tissue array containing 10 cores of 14-35-
week fetal lung tissue. The use of 2 bronchiectatic
patients’ lung tissues and 7 normal lung tissues was
approved by the Institutional Review Board of Ilsan Paik
Hospital.
Production of monoclonal antibody against recombinant
LLC1

A full-length open-reading frame of human LLC1
was cloned into the pET-28(a) vector. Over-expressed
LLC1 protein in bacteria was purified by His-tag column
chromatography. After immunization of purified
recombinant LLC1 protein into Balb/c mice, cell fusion
for LLC1 monoclonal antibody was performed as
previously described (Hong et al., 2007), except for the
use of 100 μg of purified recombinant human LLC1 for
immunization. Isotyping of the heavy and light chains of
the monoclonal antibody was tested with a monoclonal
antibody isotyping kit (Thermo Scientific Pierce,
Rockford, IL). 
Western blot analysis

Recombinant LLC1 or cell lysates were
electrophoresed on 10% SDS-PAGE, and the separated
proteins were transferred to a PVDF membrane (Bio-
Rad, Hercules, CA). The blot was incubated in
hybridoma culture supernatants followed by HRP-
conjugated goat anti-mouse IgG antibody. The
membrane was developed using Amersham ECL plus
Western blotting detection reagents (GE Healthcare,
Piscataway, NJ). β-actin antibody (Abcam, Cambridge,
MA) was utilized as a loading control. 
Immunohistochemistry and immunofluorescent staining

Immunohistochemical staining was performed with
the Ultravision LP Detection kit (Lab Vision, Fremont,
CA) according to the following procedure. The tissue
sections were deparaffinized with xylene, and antigen
retrieval was performed in 10 mM Tris PH 9.0 and 1
mM EDTA by autoclaving for 15 min. The slides were
treated in 3% hydrogen peroxide and in Ultra V block
solution for 15 min, respectively. They were then
incubated in LLC1 antibody for 1 h at room temperature.
After subsequent washing in TBST solution (20 mM
Tris, 134 mM NaCl, 0.02% Tween 20, pH 7.4), the slides
were treated with primary antibody enhancer for 10 min
and then with HRP-conjugated secondary antibody for
15 min. Incubation in DAB chromogen (Scytek
Laboratories Inc., Logan, Utah) and counterstaining with
Mayer’s Hematoxylin (DakoCytomation, Glostrup,
Denmark) followed. Moderate or strong LLC1
immunohistochemical staining intensity of more than
5% of cancer cells was considered positive; any other
result was considered negative.

Immunofluorescent staining proceeded as follows.
WI26 lung cancer cells were cultured on slides and fixed

with 4% paraformaldehide solution for 15 min. After
washing, permeabilization was performed with PBST
(phosphate-buffered saline containing 0.02% Tween-20)
containing 0.5% Triton x-100 for 5 min. After blocking
with TPBS containing 10% Bovine Calf Serum (Thermo
Fisher Scientific Hyclone, Logan, UT) and 0.5% gelatin
for 30 min, the slides were incubated in LLC1
monoclonal antibody for 1 h at room temperature. After
washing, the slides were incubated with Alexa-
conjugated goat anti-mouse antibody (Invitrogen,
Eugene, OR) and counterstained with DAPI
(DakoCytomation).
Reverse-transcription polymerase chain reaction (RT-
PCR)

RNA was prepared using TRIzol reagent
(Invitrogen, Grand Island, NY) according to the
manufacturer’s protocol. Reverse transcription (RT) was
performed with the SuperScript® II First-Strand
Synthesis System (Invitrogen) according to the
manufacturer’s protocol. Total RNA amounting to 2 µg
was utilized for first-strand cDNA synthesis using oligo
(dT) 15 primer. cDNA amounting to 2 µL was used in a
20 µL (final volume) PCR reaction mix containing gene-
specific primers (20 pmol), dNTPs (10 mM, 1 µl each),
10× reaction buffer (2 µl) and 1 unit of Taq DNA
polymerase (Solgent, Daejon, Korea). The PCR
conditions were as follows: 30 cycles at 95°C for 30s,
55°C for 30s, and 72°C for 1 min. The primers used for
LLC1 amplification were as follows: TGA ACG CAT
GAA CCT TGT GGG T and ACC TTT GCA GCT TCT
GAT CGC A; the PCR primer pairs for GAPDH, used as
the control, were as follows: TGA TGA CAT CAA GAA
GGT GGT GAA G and TCC TTG GAG GCC ATG TTG
GCC AT. 
LLC1 transfection of non-small cell lung cancer cells

NSCLC cell lines H1703 and WI26 were transfected
with LLC1-pCEP4 or pCEP4 plasmid (Invitrogen),
respectively, using Lipofectamin 2000 transfection
reagent (Invitrogen) according to the manufacturer's
instructions. Stable cells with LLC1 expression were
selected with 600 mg/ml G418 (Invitrogen), and LLC1
expression in stable cells was confirmed by RT-PCR
with the LLC1 primers denoted above.

Two NSCLC cell lines, NCI-H23 and NCI-H1299,
were transfected with LLC1-pCEP4, GFP-pCEP4, or
pCEP4 plasmid (Invitrogen) by electroporation (Neon™
Transfection System, Carlsbad, CA). The transfection
efficiency in tumor cells was confirmed using GFP-
pCEP4 vector in immunofluorescence microscopy.
Cell proliferation assay in LLC1 over-expressed cells

After incubation for 48 h at 37°C, LLC1-pCEP4 -
transfected NCI-H23 and NCI-H1299 cells or vector-
transfected cells were trypsinized and seeded onto 100-
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present study. To confirm antibody specificity, western
blotting, immune-fluorescent staining, and immunohisto-
chemical staining were performed in LLC1 over-
expressed cells. Western blotting showed a specific band
only in the LLC1-transfected H1703 cells at a molecular
weight of 14kDa, but not in the empty vector-transfected
cells (Fig. 1A). In the immunofluorescent and
immunohistochemical stainings of LLC1-transfected
WI26 lung cells, LLC1 was localized in the cytoplasm of
the LLC1-transfected cells, but not in that of the empty
vector-transfected cells (Fig. 1B,C), thus indicating the
specificity of the LLC1 monoclonal antibody.
Immunohistochemical localization of LLC1 expression in
normal lung and various lung cancer tissues

In our previous study, we showed, by both RT-PCR
and in situ hybridization, the presence of LLC1 mRNA
in normal lung tissue and its loss in lung cancer (Hong et
al., 2007). In the present study, immunohistochemistry
was performed in human normal lung tissue samples and
human lung cancer tissue arrays, with a specific LLC1
monoclonal antibody produced. In human normal lung
tissues, high LLC1 expression was found in the motile
cilia of the lung airway (Fig. 2A). In addition, LLC1
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Fig. 1. Western blot, immunofluorescent and immunohistochemical staining in LLC1-overexpressed cells. Specific bands at 15 kDa were found in the
LLC1-transfected H1703 cells, but were absent in the empty vector-transfected cells (A). For immunofluorescent staining (B) or immunohistochemical
staining (C), cells were fixed, permeabilized, incubated with LLC1-7A2 antibody overnight, and incubated with FITC-conjugated anti-rabbit antibody for
2 h. The preparations were washed and counterstained with DAPI (Sigma). Representative micrographs demonstrating the distribution of LLC1-7A2 are
shown. Scale bars: 100 μm.

mm dishes (104 cells/dish). Selection was made with 600
µg/ml G418. Two weeks later, colonies were fixed with
methanol, washed in phosphate-buffered saline, and
stained with crystal violet, after which the optical
density (OD) was taken at 595 nm by spectro-
photometry. This experiment was replicated in three sets
of duplicates.
Cell migration assay in LLC1 over-expressed cells

Cell migration was measured using a monolayer
scratching protocol. Cells (3x105/ml) were incubated in
6-well dishes at 37°C until 100% confluence and
monolayer formation. Cells in the central region of the
plate were scraped with a pipette tip. The cultures were
then rinsed to remove detached cells and incubated for
24-48 h. After incubation, the cells were fixed in 4%
paraformaldehyde solution and visualized under light
microscopy. These assays were performed three times.
Results

Production of LLC1 monoclonal antibody

A monoclonal antibody, 7A2, was produced in the
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Fig. 2.
Immunohistochemical
localization of LLC1 in
normal and cancerous
human lung tissues. LLC1
was localized in the cilia
of normal lung epithelial
cells (A), or in the
epithelial type II
pneumocytes of
bronchiectatic patients (B)
but not in normal type II
pneumocytes (C). LLC1
expression was not
observed in most
squamous cell carcinoma
(D), adenocarcinoma (E),
small cell carcinoma (F),
or large cell carcinoma
(G), except
bronchioloalveolar
carcinoma (H). Arrows
indicate specific LLC1
staining. Scale bars: 100
μm.



expression was identified in type-II pneumocytes of the
bronchiectatic patients (Fig. 2B) but was absent in type-
II pneumocytes of normal lung tissues (Fig. 2C). In the
NSCLC tissues, LLC1 expression was quite limited (Fig.
2D-G): Only 16 cases out of 102 showed focal staining.
Specifically, 3/50 in squamous cell carcinoma, 3/14 in
adenocarcinoma, 2/4 in adenosquamous carcinoma, and
1/5 in mucoepidermoid carcinoma did so (Table 1); only
in bronchioloalveolar carcinoma (7/13), LLC1
expression was relatively high (Table 1, Fig. 2H). The
other NSCLC cases, including large cell carcinoma (8
cases), malignant mesothelioma (1), mucinous
adenocarcinoma (1), adenoid cystic carcinoma (1), small
cell carcinoma (2), combined small cell and
adenocarcinoma (1) and carcinosarcoma (2), did not
show any positive expression of LLC1 (Table 1).

LLC1 expression in embryonic human lung tissues

LLC1 expression analyzed in embryonic human lung
tissues appeared at the early stages of embryonic
development (14-16 weeks) in the bronchial epithelial
cilia (Fig. 3A), as shown in adult lung tissue. LLC1
expression thereafter grew more prominent according to
the progress of human embryonic lung developmental
(Fig. 3 B-I).
Effect of LLC1 over-expression on proliferation or
migration of lung cancer cells 

To investigate the possible role of LLC1 as a tumor
suppressor, we performed proliferation and migration
assays on LLC1-overexpressed lung cancer cell lines
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Fig. 3. Immunohistochemical localization of LLC1 in human fetal lung. Representative images show the strong positive staining of LLC1 in the cilia of
the embryonic human lung. Arrows indicate specific LLC1 staining in the cilia of lung epithelial cells. Gestational weeks are indicated. Scale bars: 100
μm.
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Fig. 4. Effect of LLC1 over-expression
on cell proliferation and migration. RT-
PCR results after LLC1 transfection of
NCI-H1299 and NCI-H23 lung cancer
cells (A). The transfection was
performed also in HEK293 cells as a
control experiment. GAPDH was used
as a control gene. Effect of LLC1 over-
expression on growth of NCI-H1299 or
NCI-H23 lung cancer cells (B). Until 5
day incubation, no differences in the
growth of cancer cells were observed
by LLC1 over-expression. Represen-
tative data are expressed as the means
± SEM of three different independent
experiments. Effect of LLC1 over-
expression on migration of NCI-H1299
cells (C). Effect of LLC1 over-
expression on migration of NCI-H23
cells (D). No effect of LLC1 over-
expression on the migration of cancer
cells was observed.Scale bars: 100 µm.
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Fig. 5.
Immunohistochemical
localization of LLC1 in
various human normal
tissues: positive
stainings of LLC1
protein were found in
the cilia of salpinx (A),
in renal proximal
tubular cells (B), nasal
mucosa (C),
gallbladder epithelial
cells (D), cilia of
duodenum (E),
glandular cells of
stomach (F), pancreatic
acinar cells (G) and
cilia of small bowel (H).
Scale bars: 100 μm.



NCI-H1299 and NCI-H23. LLC1 over-expression in the
LLC1-transfected lung cancer cells was confirmed by
RT-PCR (Fig. 4A); however, LLC1 over-expression did
not affect proliferation (P>0.05) (Fig. 4B) or migration
(Fig. 4C,D) in either lung cancer cell line.
Localization of LLC1 in various human tissues

To investigate LLC1 localization in various non-
tumor human tissues, immunohistochemistry was
performed on human tissue arrays. Out of 44 human
tissues, 8 tissues or cell types showed positive staining
(Table S1): salpinx epithelial cells (Fig. 5A), renal
proximal tubular cells (Fig. 5B), nasal mucosa (Fig. 5C),
gallbladder epithelium (Fig. 5D), cilia of duodenum
(Fig. 5E), glandular cells of stomach (Fig. 5F),
pancreatic acinar cells (Fig. 5G), and cilia of small
bowel (Fig. 5H).
Discussion

Further to our previous study, we performed
immunohistochemical staining on normal lung tissues
after producing a specific 7A2 monoclonal antibody
against LLC1, and found that LLC1 was localized in the
cilia of the human lung airway epithelium. This finding
is consistent with our previous study showing specific
localization of LLC1 in bronchial epithelial cells by
RNA in situ hybridization (Hong et al., 2007). This
specific localization suggests that LLC1 is a cilia protein
and that it might have a possible role in ciliary formation
or its function. In immunohistochemical staining of
LLC1 in various types of NSCLC, we found a limited
expression of LLC1 (16/102) in NSCLC cases,
confirming our previous findings that suggested a loss of
LLC1 in lung cancer (Hong et al., 2007). A previous
result (Kim et al., 2007) indicating LLC1 expression in
more than half of lung cancer cases is inconsistent with
our data. However, that study checked only the mRNA
level, not tumor-cell-specific LLC1 expression. And
since our data showed localized LLC1 expression in
normal ciliated epithelial cells but not in most NSCLC
cells, the presence of ciliated bronchial epithelial cells in
the previous study’s analyzed cancer tissues might have
led to the different conclusion. 

Interestingly, out of 16 positive lung cancer cases,
seven were bronchioloalveolar carcinoma (7/13), which
is consistent with the fact that that bronchiolar epithelial
cell is the origin of the bronchioloalveolar carcinoma
subtype (Singh et al., 1981). High expression of LLC1 in
bronchioloalveolar carcinoma possibly is related to
activation of type-II pneumocytes, because, as shown in
the present results, LLC1 was expressed in activated
type-II pneumocytes of bronchiectatic patients’ lung but
not in normal lung tissues. Further studies on the
expression of LLC1 in the development of
bronchioloalveolar carcinoma via the activation of type-
II pneumocytes is needed in order to unveil the role or
function of LLC1 in bronchioloalveolar carcinoma.

Whereas the role of LLC1 as a tumor-suppressor in
lung cancer was suggested in our previous study (Hong
et al., 2007), over-expression of LLC1 protein in lung
cancer cells, in the present study, did not change the
proliferation or migration potential, which would
indicate that LLC1 is not a tumor suppressor. Although
the active role of immotile primary cilia in many cancers
has been reported (Seeley et al., 2009; Moser et al.,
2009; Schraml et al., 2009), the role of motile cilial loss
during carcinogenesis has not been determined. Since no
motile cilia are shown in almost any lung cancers, LLC1
loss might just be an accompanying phenomenon
possibly related to the fact that LLC1 is a component of
airway cilia.

The analysis of LLC1 expression in fetal lung
showed that expression began as early as 14-16 weeks of
human development. This means that LLC1 expression
precedes the canalicular phase (eg; formation of
respiratory bronchioles, alveolar ducts, primitive alveoli
and differentiation of type I and type II pneumocytes) of
lung development, which has been reported to begin at
16-26 weeks (Laudy and Wladimiroff, 2000; Chung,
2005; Joshi and Kotecha, 2007). Considering all of these
findings, we suggest that LLC1 also has a possible role
in lung tissue differentiation or formation, but further
study will be needed. 

LLC1 protein was localized in other organs,
including salpinx epithelial cells, renal proximal tubular
cells, and pancreatic acinar cells. The expression of
LLC1 in renal proximal tubular cells without motile cilia
suggests another role for LLC1. However, noteworthy is
a case report showing that motile cilia appeared in renal
proximal tubular cells in a patient with sarcoidosis (Ong
and Wagner, 2005), which raises the possibility of LLC1
expression under such pathologic conditions. Further
studies will reveal the significance of LLC1 in renal
tubular cells. 

Whereas the immotile primary cilium exists in
almost every quiescent cell of the body (Quinlan et al.,
2008), motile cilia are located only in the cells lining the
tracheal duct, salpinx, brain ventricles, and seminal
lumen (Vogel et al., 2010). However, not all motile cilia
have LLC1 in their components. In fact, LLC1 is
localized in the motile cilia of airways and salpinx, but
not in the cilia of brain ventricles (data not shown),
suggesting a specific role of LLC1 in motile cilia in
certain locations.

A number of diseases are associated with defects in
ciliogenesis or ciliary function (Afzelius, 2004; Badano
et al., 2006; Fliegauf et al., 2007; Ishikawa and Marshall,
2011), though unfortunately, our knowledge of
ciliogenesis is still largely confined to ultra-structural
observations and scattered information on various
proteins. This paucity of information on the protein
constituents of cilia has hampered related research.
Recent studies, seeking to address this issue, have
identified a number of flagellar and centrosomal/
centriolar proteoms (Andersen et al., 2003; You et al.,
2004; Liu et al., 2007) and yet, biology and physiology
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having failed to keep pace with the clinical genetics, we
do not yet understand why defective cilia or basal bodies
lead to such a wide range of pathologies. Obviously,
additional studies on cilia protein identification and
function are needed to fill the gap between clinical
genetics and pathogenesis in cilia-related diseases. As a
start, the present study identified a new cilia protein,
LLC1, which was found to be expressed in the cilia of
the lung and salpinx epithelium.

In conclusion, the present study produced the LLC1
monoclonal antibody to fill the gap between clinical
genetics and pathogenesis with regard to the cellular
localization of LLC1 in cilia-related diseases. LLC1 was
immunohistochemically shown on the motile cilia of
normal lung cells and but rarely in NSCLC cells.
Additionally, we refuted the tumor-suppression
hypothesis on the role of LLC1. However, the evidence
on the exact role of LLC1 in lung tissue is still
inconclusive, and more study is needed, not only on its
role in lungs but in other organs as well. LLC1
expression in other organs, such as the kidney, pancreas
and gastrointestinal epithelial cells, might also be
noteworthy with respect to the pathogenesis and
progression of the related diseases.
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