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ABSTRACT

CT120, a novel membrane-associated gene implicated in lung carcinogenesis, was previously identified from chro-
mosome 17p13.3 locus, a hot mutation spot involved in human malignancies. In the present study, we further deter-
mined that CT7120 ectopic expression could promote cell proliferation activity of NIH3T3 cells using MTS assay, and
monitored the downstream effects of CT120 in NIH3T3 cells with Atlas mouse cDNA expression arrays. Among 588
known genes, 133 genes were found to be upregulated or downregulated by CT1720. Two major signaling pathways
involved in cell proliferation, cell survival and anti-apoptosis were overexpressed and activated in response to CT120:
One is the Raf/MEK/Erk signal cascades and the other is the PI3K/Akt signal cascades, suggesting that CT120 might
contribute, at least in part, to the constitutively activation of Erk and Akt in human lung caner cells. In addition, some
tumor metastasis associated genes cathepsin B, cathepsin D, cathepsin L, MMP-2/TIMP-2 were also upregulated by
CT120, upon which CT120 might be involved in tumor invasiveness and metastasis. In addition, CT120 might play an
important role in tumor progression through modulating the expression of some candidate “Lung Tumor Progression”

genes including B-Raf, Rab-2, BAX, BAG-1, YB-1, and Cdc42.
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INTRODUCTION expressed remarkably higher in lung cancers than in non-
cancerous tissues as well as normal lung tissues, and it can
increase the colony formation efficiency of NIH3T3 cells
and promote the proliferation of human lung adenocarci-
noma A549 cells in vitro and in vivo, suggesting that CT120
may involve in lung carcinogenesis [8, 9].

The expression profile or “transcriptome”, a collection
of genes that are transcribed from genomic DNA, is a major
determinant of cellular phenotype and function. Changes
in the gene expression patterns can provide clues about
cellular functions and biochemical pathway in cells. Methods
of comparing global gene expression profile varies in dif-
ferent biological samples have been developed, such as dif-
ferential display PCR (DD-PCR) [10], serial analysis of
gene expression (SAGE) [11], and cDNA microarray [12].
Recently, the use of microarray to profile gene expression
on a global level has recently received a great deal of
attention. Microarray technology facilitates a more complete
- - , and inclusive experimental approach by which alterations
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The 2000 estimate represents as increase of around
22% in incidence and mortality of human malignancies all
over the world. Whether considered in terms of incidence
or mortality, lung cancer is the main cancer because of
the high case mortality [1]. Lung cancer cells often show
chromosomal abnormality including numerical and/or
structural changes [2, 3], resulting in oncogene activa-
tion and/or tumor suppressor gene inactivation, which is
required to support lung carcinogenesis [4-7]. Identifica-
tion and characterization of various tumor-related genes
that are genetically or epigenetically altered in human lung
cancer will deepen our understanding of lung tumorigenesis.
CT120 was previously isolated from chromosome 17p13.3
locus in our laboratory and was identified as a potential 7
trans-membrane G protein-coupled receptor. CT120 was
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target genes or downstream signaling pathways [13-15].

This report is designed to further investigate the effect
of CT120 ectopic expression on cell growth of NIH3T3
cells, and focused on the use of cDNA microarray tech-
nology as a means of identifying downstream signaling
pathways regulated by human lung cancer associated gene
CT120.

MATERIALS AND METHODS

Plasmid construction

To construct eukaryotic expression plasmid, the ORF of CT120
was amplified with the following forward primer: 5°-
ATGCTGCTGACGCTGGCCGG-3’ and reverse primer: 5’-
TTAGCCATCCTTTTTGGCTT-3". The amplified products were
subcloned into eukaryotic expression vector pcDNA4/HisMax
TOPO-TA (Invitrogen) and designated as HisMax-CT120, which
encodes 6xHis-tagged CT120 fusion protein. The identity of CT120
was confirmed by sequencing.

Cell culture and transfection

Mouse fibroblast NIH3T3 cells were grown under 5% CO, at
37°C in Dulbecco's modified Eagle medium (DMEM) supplemented
with 10% fetal bovine serum. Transfection of cells was performed
with the LIPOFECTAME reagent by the manufacturer's instruc-
tions (Gibco BRL). NIH3T3 cells were seeded at 1x10°/well in 6-
well plates and transfected with plasmids HisMax-CT120 and
pcDNA/Hix-Max vector 24 h later. After 48 h, the transfected cells
were screened with 100 pg/ml zeocin reagent (Invitrogen). Two weeks
(14 d) later, colonies of transfected cells were picked out and
cultured to expansion. Expression of CT120 in transfected NIH3T3
cells was detected by Western blotting with 6xHisG monoclonal
antibody (Invitrogen).

Cell proliferation activity assay

Cell proliferation assays of NIH3T3 cells transfected with CT720
and pcDNA3.1/HA2 (Clontech) were conducted with CellTiter 96
AQueous One Solution Cell Proliferation Assay kit (Promega) ac-
cording to the Manufacturer's manual. Briefly, cells were plated into
flat-bottomed 96-well plates at the density of 2x10° cells /well and
cultured for 7 d (each day as a time point). 20 pl One Solution
Reagent MTS was pipetted into each well of the 96-well assay plate
containing 100 pl of fresh culture medium; Then the plate was incu-
bated for 2 h at 37°C in a humidified, 5% CO, atmosphere. The
absorbance at 490 nm was recorded using a Model-550 ELISA plate
reader (Bio-Rad). A growth curve with the absorbance of the MTS
assay was directly correlated with the number of metabolically
active cells.

RNA preparation and cDNA probe synthesis

Total RNA of NIH3T3 cells transfected with C7720 and pcDNA3.1/
HA2 was extracted using Trizol reagent (Invitrogen), then treated
with RNase-free DNase I to eliminate potential genomic
contamination. [ 0-**P]dATP (3,000 Ci/mM, 10 puCi/ul) (Amersham
Biosciences) labeled probes were synthesized from 5 pg of total
RNA with Atlas Pure Total RNA Labeling System (Qiagen). Briefly,
5 pgtotal RNA and 1 pl CDS primer mix were incubated at 70°C for
2 min, then 5xreaction buffer, 1 pul 10xdNTP mix, 3.5 pl [ o-**P]
dATP, 0.5 pl 100 mM dithiothreitol and 1 pl MMLYV reverse tran-
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scriptase (Promega) were added and the mixture was incubated at
50 °C for 25 min. After incubation, the reaction was stopped by
adding 1 pl of 10 x termination mix and placed on ice. The **P-labeled
cDNA probes were purified with NucleoSpin Extraction Column
(Qiagen) according to the manufacturer’s protocols .

Hybridization and analysis of ATLAS mouse cDNA expres-
sion array

To investigate the differential gene expression profiles induced by
novel gene CT7120, cDNA microarray was performed with mouse
ATLAS cDNA expression Arrays (BD Bioscieneces). The mem-
branes were prehybridized at 68 °C for 30 min in 10 pl ExpressHyb
buffer with 5 pug denatured, sheared salmon testes DNA. Hybridiza-
tion was performed at 68 °C overnight with continuous rotation.
Then the membranes were washed twice with 2 x SSC and 1% SDS
at 68 °C for 30 min, and twice with 0.1x SSC and 0.5% SDS at 68 °C
for 30 min. The filters were autophotographed on X-ray film at -70 °C.
Signals developed on the X-ray films were submitted to quantitative
analysis using QuantArray imaging software (Packard Bioscience
Inc.) specialized for the high-density array analysis and each hybrid-
ization spot was quantified against the internal control.

Reverse transcriptase-PCR (RT-PCR)

To confirm the hybridization result of ATLAS cDNA expression
array, the expression of four randomly selected genes were investi-
gated using semi-quantitative RT-PCR. One microgram of total RNA
from CT120 or vector transfected NIH3T3 cells was reverse-tran-
scribed using Superscript II RNase-Reverse Transcriptase (Gibco-
BRL) with an oligo (dT) primer respectively. One microliter of the
reaction mixture was used as template for PCR amplification in a
total of 25 ul volume with Taq polymerase (Promega). PCR condi-
tions were 95 °C for 3 min, followed by 30 cycles at 94 °C for 30 s,
60 °C for 30's, 72 °C for 45 s, and 72 °C for 5 min. For standardization
and quantification, B-actin was used as an internal control. The primer
sequences and products of selected genes for RT-PCR were summa-
rized in Tab. 1.

Immunoblotting assay

To prepare cell extracts, NIH3T3 cells transfected with CT720
and vector were washed twice with ice cold PBS and lysed with lysis
buffer (supplied in Luciferase Detection Kit, Roche) for 15 min on
ice. The whole cell lysates were centrifuged for 10 min, then were
resolved by SDS-PAGE and transferred to PROTRAN Nitrocellular
Transfer membranes (Bio-Rad). After transfer, the filters were blocked
with PBS-T containing 5% non-fat dry milk for 1 h. The membranes
were subsequently incubated with rabbit anti-PI3K p85, goat anti-
Akt1/2 polyclonal antibody, goat anti-p-MEK1/2, rabbit anti-Erk1,
rabbit anti-Erk2, goat anti-p-Erk1/2 (Santa Cruz Biotechnology),
rabbit anti-phospho-Akt ser473 polyclonal antibody (Cell Signaling
Technology) overnight at 4 °C. Then the membranes were washed
three times with PBS-T before incubating with horseradish peroxi-
dase-conjugated IgG (Sigma) for 1 h. The bands were detected with
SuperSignal West Femto Maximum sensitivity substrate (Pierce).

Immunocytochemistry assay

NIH3T3 cells stably transfected with C7720 and vector were
grown on glass coverslips in 6-well plates. Twenty-four hours later,
cells were washed twice in cold PBS, fixed with freshly prepared
10% PBS-buffered formaldehyde for 30 min and permeabilized with
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Tab. 1 Primers and Products for RT-PCR

Gene GenBank No. Orientation Primer sequence Product size (bp)
PI3K M60651 F 5'-GGAGGTGAAGCTGAGAGTGG-3' 210
R 5'-GTCCATCTGTCCTCCATCA-3'
Akt M94335 F 5'-TCAAGATAACGGACTTCGGG-3' 389
R 5'-ATACACATCCTGCCACACGA-3'
MEK]I L02526 F 5'-GCCAGCATCTGAGCCTTTAG-3' 300
R 5'-TAAGAACGACCACCCAGGTC-3'
ITGA6 X69902 F 5'-TACCTAGGCTTTTCGCTGGA-3' 293
R 5'-TAGACGTAAACTGCACCCCC-3'

0.2% Triton X-100 in PBS for 10 min. Samples were reacted with
the above antibodies (diluted 1:50) in PBS for 1 h, followed by the
detection with EnVision System (DAKO). Finally, 0.5% DAB-H,0,
was used as a chromogen to incubate slides for 30 min for visualization.
Slides were counterstained with Mayer's hematoxylin and mounted.
Microscope and image analysis were performed with Axioskop 2
(Carl Zeiss, Germany).

RESULTS

Ectopic expression of CT120 can promote NIH3T3
cell proliferation in vitro

The regulatory effects of CT120 on NIH3T3 cells were
investigated with cell proliferation ability assay. The stable
transfectants of NIH3T3 cells expressing CT120 were
established by zeocin reagent (BD Biosciences) selection
and the expression of His-tagged CT120 in NIH3T3 stable
transfectants were examined using immunoblotting analy-
sis with 6 X HisG monoclonal antibody (Fig. 1). MTS
assays showed that CT120 expression remarkably increase
the cell growth at the 3 d and persisted to the 7 d when
compared with vector control (P <0.01) (Fig. 1).

Hybridization of ATLAS mouse cDNA gene expression
array with cDNA probes prepared from NIH3T3 cells
stably transfected with C7120 and vector

To determine the downstream effects of novel gene
CT120, we performed ATLAS mouse cDNA microarray
expression analysis on the NIH3T3 cells stably transfected
with CT120 and vector. The Atlas mouse cDNA expres-
sion array is a positively charged nylon membrane on which
588 mouse known cDNAs have been immobilized. These
known genes have been reported to play key roles in many
biological process and are characterized by tight transcrip-
tional regulation, and represent many areas of current re-
search including oncogenesis, cell cycle, apoptosis, signal
transduction and immunological studies. Fig. 2 showed
the gene expression profiles of NIH3T3 cells stably trans-
fected with CT120 and vector.

3.0 -+ CT120
2.5 - Vector

CT120  Vector 201

= 1]

MTS assay (OD,q,)

1 2 3 4 5 6 7

Fig. 1 Effect of CT120 ectopic expression on cell proliferation of
NIH3T3 cells. NIH3T3 stable transfectants expressing CT120 were
established by zeocin reagent selection. (A) The expression of His-
tagged CT120 in NIH3T3 cells was detected by Western blot with
mouse anti-6xHisG monoclonal antibody (1:2000). (B) Cell prolif-
eration activity assay of NIH3T3 cells stably transfected with CT120
and vector using MTS reagent. The cells were cultured for 6 d (1 d as
a time point). Data were shown by mean + SD (vertical bars) of
triplicate cultures and were representative of three experiments. MTS
assays showed that CT120 expression remarkably increased the cell
growth at the third day and persisted to the seventh day when com-
pared with vector control (P < 0.01).

Identification of altered gene patterns in response
to CT120 induction

All the hybridization spots on the image were quantified
and normalized against the internal control with QuantArray
image analysis software. In the experiment, when the global
gene expression profile of NIH3T3 stable transfectants
expressing CT120 was compared to that of the empty
vector transfected NIH3T3 cells, expression levels of 133
clones were altered in experimental cells. Among them,
there are 97 clones whose expression is up-regulated (ratio
> 2.0) and 36 clones down-regulated (ratio < 0.5). The
differentially expressed genes and their induction fold are
listed in Tab. 2 and Tab. 3. From the list of these altered
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Fig. 2 Profiling gene expression of NIH3T3 cells induced by CT120 with ATLAS mouse cDNA expression arrays. (A) Gene expression
profiles of NIH3T3 stable transfectants expressing CT120. The membrane was probed with **P-labeled cDNA prepared from NIH3T3 stable
transfectants expressing CT120. (B) Gene expression profiles of empty vector transduced NIH3T3 cells. The membrane was probed with
*2P_labelled cDNA prepared from empty vector transduced NIH3T3 cells.

genes, it is notable that many of the genes whose expres-
sion was affected by CT120 were key intracellular and
extracellular signal transduction molecules, cell receptors
and transcription factors. Two major signaling pathways
involved in cell proliferation and anti-apoptosis were
overexpressed in response to CT120: One of the major
pathways upregulated was the Raf/MAPK signaling
cascades. The expressions of 9 genes (Myc, A-Raf, B-
Raf, Erkl, MAPK p38, MEKI, Rab 2, RASGF1, Crk)
affecting this pathway were altered with overexpression
of Myc, A-Raf, B-Raf, Evk, MAPK p38, MEK, Rab 2,
Crk and underexpression of RASGFI. The other major
signaling pathway upregulated by CT120 in NIH3T3 cells
was the PI3K/Akt signaling cascades and the expression
of some important genes involved in Akt functions altered
responsive to CT120 including oncogene MDM?2, 14-3-3,
p21"* p274°! MMP, insulin-like growth factor 1A. In
addition, some tumor metastasis associated genes cathep-
sins B, D, L and MMP-2/TIMP-2 were upregulated by
CT120; moreover, CT120 might regulate the expressions
of some candidate “Lung Tumor Progression” genes in-
cluding B-Raf, Rab-2, BAX, BAG-1, YB-1, Cdc42, etc.

Verification of the induced genes by quantitative
RT-PCR

To verify that the cDNA microarray data do, in fact,
reflect changes in gene expression, we used quantitative
RT-PCR techniques to confirm the findings for several
genes that earned different induction folds. The selected
genes were MEK1 (ratio = 40), PI3K (ratio = 40), Akt
(ratio = 5.2) and integrin alpha 6 (ratio = 0.11). Fig. 3
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showed the results of quantitative RT-PCR. These ampli-
fied products were quantitatively analyzed with density-
scanning software. The results showed that the induction
folds highly matched with that of cDNA microarray
hybridization.

Detection of PI3K, Akt1/2, phosphor-Akt and Erk1/
2, phosphor-MEK1/2, phosphor -Erk1/2 in
NIH3T3 stable transfectants expressing CT120

To further investigate the expressions at the transla-
tional level and determine the phosphorylation levels of
MEK/Erk and PI3K/Akt in CT120-expressing NIH3T3
cells, the p-MEK1/2, Erk1/2 and p-Erk1/2, PI3K p85a,
Akt1/2 and p-Akt1/2 were detected with anti-p-MEK1/2,
anti-Erk1/2, anti-p-Erk1/2, anti-PI3K p85a., anti-Akt1/2,

P13K Akt MEK1 ITGA6
CT120 vector CT120 vector CT120 vector CT120 vector

Fig. 3 Verification of microarray results with semi-quantitative RT-
PCR analysis. Four genes were selected from the genes that were
differentially induced or suppressed by microarray hybridization.
Based on the microarray hybridization results, PI3K was upregulated
by CT120 at the ratio of > 50; Akt, 5.2; MEK1, > 50; ITGA6 was
downregulated by CT120 as the ratio 0.11. B-actin was amplified as
an internal control.
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Tab. 2 Selected genes up-regulated by CT120

Coordinate GenBank Gene name Induction
No. fold

Alh X58876 transformed mouse3T3 cell double minute 2 (Mdm); *
p53-associated protein

A2l X01023 myc proto-oncogene *

A3k M13071 A-raf proto-oncogene *

A3l M64429 B-rafproto-oncogene 3.8

A6d X66032 G2/M-specific cyclin B2 (CCNB2; CYCB2) 14.3

A6i X75888 G1/S-specific cyclin E1 (CCNEI) 2.46

A6k 737110 G2/M-specific cyclin G (ccng) *

ATf U10440 cyclin-dependent kinase inhibitor 1B (CDKN1B); p27 2.3

ATg U20553 p57kip2;cdk-inhibitor kip2 (cyclin-dependent kinase 5.06
inhibitor 1B)

B4m S72408 crk proto-oncogene *

B5h M61177 MAP kinase 3;MNK1;extracellular signal-regulated 3
kinase 1 (ERK 1);

B5m Ul10871 MAPK14;MAP kinase p38;CDC2-related kinase 1 21.4
(CRK1I)

B6a L02526 MAP kinase kinasel;MAPKK1;MAP2K;MAPK/ERK *
kinase 1 (MEK 1)

Bo6k M60651 phosphatidylinositol 3-kinase regulatory alpha subunit *
(PI3K P85-0)

B7b X95403 ras-related protein RAB 2 3.9

Cle Ul17162 BCL-2-binding athanogene 1 (BAGI) 8.8

C1f Y13231 BCL-2homologous antagonist/killer (BAK) 6.8

Clg 122472 BCL2-associated X protein membrane isoform alpha 11.6
(BAX-)

F2n M14951 insulin-like growth factor Il (/GFII;IGF2); 2.38

F3a X04480 insulin-like growth factor 1A (IGF1A4); somatomedin 5.1

F6d X51438 Vimentin (VIM) 3.1

Fé6g M14222 cathepsin B (CTSB) *

F6h X53337 cathepsin D (CTSD) *

F6j X06086 cathepsin L (CTSL);major excreted protein (MEP) 7.2

F7c X83536 MMP-14; membrae-type matrix metalloproteinase 1 37.9
(MTMMPI)

F7m X62622 tissue inhibitor of metalloproteinase 2 (TIMP2) 2.27

*QGenes induced by CT120 (= 50-fold)

anti-p-S473 Akt and anti-p-Akt thr308 antibodies using
immunoblotting and immunocytochemical assays. The
results revealed that the protein expression of Erkl in-
creased slightly and the phosphorylation levels of MEK1/2
and Erkl abundantly increased in NIH3T3 stable
transfectants expressing CT120, compared to that in empty
vector transduced NIH3T3 cells (Fig. 4 A, Fig. 5); The
protein products of PI3K increased in CT120-expressing

NIH3T3 cells compared to that in empty vector trans-
duced NIH3T3 cells. The Akt phosphorylation level at
ser473 site increased remarkably, although the total of Akt
protein had no remarkable difference between the CT120
expressing and empty vector transduced NIH3T3 cells.
However, when deprived of serum in the medium, the
expression and phosphorylation levels of PI3K and Akt
showed no changes in response to CT120 (Fig. 4B, Fig. 6).
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Tab. 3 Selected genes down-regulated by CT120

Coordinate GenBank Gene name Induction
No. fold
Alb uU31625 breast cancer protein 1 (BRCAI)
Alg U58992 SMAD-&MAD-related protein 1 (SMAD 1) 0.29
Alk U36799 retinoblastoma-like protein 2; retinoblastma-related 0.21
protein RB2/p130
AS5Sm X81580 insulin-like growth factor binding protein 2 (IGF-binding
protein2; IGFBP2)
A6m L01640 cyclin-dependent kinase 4 (CDK4); cell division protein 0.35
kinase 4
ATi X59868 ras protein-specific guanine nucleotide-releasing factor 1
(RASGF1; GRFI)
C21 L24495 tumor necrosis factor receptor superfamily member 7
(TNFRSF7)
C7m X74351 xeroderma pigmentosum group A complementing protein 0.44
(XP4)
D4l Jo3168 interferon regulatory factor 2 (IRF2) 0.36
D6f M84819 retinoic acid receptor gamma (RAR gamma; RARY) 0.214
E3g M29697 interleukin 7 receptor alpha (IL7R-alpha; i/ 7rc)
E6c M33158 CD3 antigen zeta (CD3Z7) 0.1
E7d X69902 integrin alpha 6 (ITGA6) 0.11
Flg U12983 Cek 5 receptor protein tyrosine kinase ligand 0.18
F2f 138847 hepatoma transmembrane kinas ligand
F4f M13177 transforming growth factor beta 1 (TGF-beta 1; TGFf1) 0.34
F5g U37720 Cell division cycle 42 homolog (CDC42)

Genes repressed by CT120 (=50-fold)

DISCUSSION

Human novel gene CT120 was previously identified on
chromosome 17p13.3, a hot region of mutation in several
human malignancies including lung cancer. Previous studies
showed that transcripts of CT120 were absent in human
normal lung tissues, while was highly expressed in various
tumor cell lines, among which human lung adenocarci-
noma cell line A549 and SPC-A-1 cells expressed abun-
dantly two transcripts of CT120. Moreover, the mRNA of
CT120 was abundant in most of human lung cancers. Over-
expression of CT120 in A549 cells could promote the cell
proliferation activity both in vitro and in vivo. The present
study also showed that ectopic expression of CT720 in
NIH3TS3 cells could remarkably increase the cell growth
in vitro. These findings suggested that CT120 might be a
key modulator of cell proliferation involved in human lung
carcinogenesis.

In this study, we have monitored the downstream
effects of CT120 on NIH3T3 cells with mouse cDNA
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expression arrays. The results from the present study sug-
gested that a group of genes were overexpressed or un-
der-expressed in NIH3T3 cells in response to CT120
expression. Among the 588 mouse known genes, a total
of 133 genes were up regulated and down regulated by
CT120. Especially, about 61 genes that might be involved
in extracellular, intracellular and transmembrane signaling
pathways were differentially expressed in NIH3T3 stable
transfectants expressing CT120. One of the major path-
ways up regulated was the Raf/MAPK signaling cascades.
The expressions of 9 genes (Myc, A-Raf, B-Raf, Erkl,
MAPK p38, MEKI, RAB 2, RASGF 1, crk) affecting this
pathway were altered with over-expression of Myc, A-
Raf, B-Raf, Erk, MAPK p38, MEK, RAB 2, crk and
under-expression of RASGF 1. Activation of the MEK/Erk
pathway may contribute to tumorigenesis or cancer
growth and activated Raf/MEK/Erk signaling pathway has
been observed in many tumor cell lines and primary
tumors [16]. Constitutive MEK/Erk activity was also
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Fig. 4 Detection of the expression and phosporylation levels of MEK/Erk and PI3K/Akt in CT'120-expressing NIH3T3 cells with immunoblotting
analysis. The whole cell lysates from CT720-expressing and vector-transduced NIH3T3 cells were detected: (A) with anti-p-MEK1/2 (1:
500), anti-Erk1/2 (1:500), anti-p-Erk1/2 (1:500) antibodies, respectively; (B) with anti-PI3K p85a (1:500), Akt1/2 (1:1000), p-Ser473 Akt
(1:500) antibodies, respectively. B-actin was used as an internal control. "G" represents the CT120-expressing NIH3T3 cells; "V" represents
empty vector transduced NIH3T3 cells. "+" showed the cells cultured in DMEM with serum; "-" showed the cells cultured in DMEM
without serum.

pMEK1/2

+ Serum

Fig. 5 Immunocytochemical staining of NIH3T3 cells transfected with CT/20 or vector with p-MEK1/2, p-Erk1/2 and Erk1/2. Serum factors
can slightly promote the expression of Erk1, and obviously increase phosphorylation of MEK1/2 in CT120-transfected cells, but no evident
effect on expression of Erk2 (top panels). Serum starvation can counteract these effects (bottom panels). Original magnification: 400 x.
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Fig. 6 Immunocytochemical staining of NIH3T3 cells transfected with C7/20 or vector with PI3K, p-Aktl, Aktl antibodies. Serum factors
can slightly promote the expression of PI3K, obviously increase intranuclear phosphorylation of Aktl at Ser473 in CT120-transfected cells,
but no evident effect on expression of Aktl/2 (top panels). However, these effects were counteracted by serum starvation for 5 h (bottom

panels). Original magnification: 400 x.

observed in lung cancer cell lines, which showed that con-
stitutive Erk1/2 activity in NSCLC cells promotes cellular
survival and chemotherapeutic resistance [17]. Constitu-
tive Erk activity in 17/19 of NSCLC cell lines and Erk
activity was increased in 8/21 of lung cancer cell lines,
most of which were small lung cancer cell lines. Erk
activity did not correlate with NSCLC histology or muta-
tion in p53, Rb or k-Ras. But now, the mechanisms of
increased Erk activity in NSCLC are unknown. From the
present study, human novel gene CT720 overexpressed in
most of primary lung cancer tissues and could slightly
increase the expression and phosphorylation of MEK1/2,
and could remarkably enhance expression and phospho-
rylation of Erk1, upon which we deduced that over-ex-
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pression of CT120 might contribute, at least in part, to
constitutive Erk1/2 activity in lung tumor cell lines.
Another major signaling pathway up regulated and acti-
vated by CT120 in NIH3T3 cells was the PI3K/Akt sig-
naling cascade, which plays a critical role in controlling
the balance between survival and apoptosis. When activated,
Akt can enhance cell proliferation and inhibits apoptosis
by means of its ability to phosphorylate a host of substrate
proteins involved in cell cycle progression, anti-apoptosis,
cell proliferation and cell migration. Recent studies showed
that Akt also plays a central role in tumorigenesis. Activa-
tion of Akt was found to be associated with the progres-
sion of some of human cancers [18]. In the present study,
our results showed that PI3K and Akt was overexpressed
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in NIH3T3 cells by CT120, with the induction fold >50
and 5.2 respectively, as evidenced by cDNA microarray
technology. The protein level of PI3K also increased
abundantly. In addition, the phosphorylated of Akt at Ser473
site increased slightly as a result of CT/20 transfection,
while the total protein and phosphorylation levels of Akt at
Thr308 did not show any evident difference between
CTI120-expressing and empty vector transduced NIH3T3
cells. Moreover, expression of some important genes in-
volved in Akt functions was altered responsive to CT120,
including oncogene MDM?2, 14-3-3, p21"F, p27kipl,
MMP, insulin-like growth factor 1 A. Most strikingly, after
serum deprivation, the expression and phosphorylation
levels of PI3K and Akt showed no difference between
CTI120-transfected and empty vector transfected NIH3T3
cells. CT120 was previously identified as a novel plasma
membrane protein with the property of G protein-coupled
receptor bearing seven transmembrane regions (7-TM)
(unpublished data). We hypothesized that maybe one or
more components in serum could help CT120 in trans-
ducing the extracellular signals across plasma membrane.
Activated CT120 further relay the signals through modu-
lating the expressions and activities of different intracellu-
lar signaling pathways including Raf/MEK/Erk and PI3K/
Akt cascades.

In addition, over-expression of CT120 may be involved
in tumor invasiveness and metastasis by regulating the
expression of cathepsin proteases and MMP/TIMPs. High
levels of several cathepsins have been associated with the
pathological destruction of ECM, leading to tumor meta-
stasis [19-21]. In this report, cathepsins B, L and D were
overexpressed in NIH3T3 cells induced by CT120, which
was in agreement with the report that the activities and
protein levels of cathepsins B, D and L were induced in
human lung tumors [22]. Matrix metalloproteinase-2 and
its specific tissue inhibitor TIMP-2 also play important roles
in lung cancer. Previous studies showed that MMPs and
TIMPs were abundantly expressed in lung cancer tissues
[23-25]. In this report, CT120 not only regulated expres-
sion of cathepsins but also that of MMPs and TIMPs in
NIH3T3 cells, suggesting that overexpression of C7120 in
human lung tumors might promote the invasiveness and
metastasis of lung cancer cells, especially non small cell
lung cancer cells.

Although the parallel gene expression analysis provides
us a considerable view of the anti-apoptotic and cell sur-
vival gene expression programs invoked by CT120 in
NIH3T3 cells, this study does not permit us to distinguish
the direct targets of CT120 from the indirect ones. Re-
solving this issue and the complex interrelationships among
the induced genes will require both alternative gene trans-
fer technologies and other approaches, which are comple-
mentary to large-scale gene expression analysis.
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