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Cancer metastasis is a
multiple-step process and requires
the accumulation of altered
expression of many different genes.
In previously studies, by using a lung
cancer invasion cell line model
(CL1-0, CL1-1, CL1-5 and CL1-5F4
in order of increasing invasive
activity) and cDNA microarray, we
have identified a panel of
metastasis-related genes on a
genome-wide scale. In this study, we
selected a differentially expression
gene HLJ1 (Dnad-like heat shock
protein) for further functional
characterization. Northern blot and
Real-time RT-PCR analysis revealed
that the HLJ1 expression was
negatively correlated with the
invasion abilities of the cell lines. We



then examined the HLJ1 mRNA
expression in 78 non-small cell lung
cancer tumor specimens and their
adjacent normal lung tissues. We
found that HLJ1 mRNA expression
was significantly lower in cancer
specimens as compared with their
normal counterparts. The HLJ1
mRNA expression was also
negatively correlated with the clinical
stage of the patients. The HLJ1 gene
expression is increased in low
invasive CL1-0 cells after heat shock
treatment, but the heat shock
response was lost in high invasive
CL1-5 cells. Furthermore, to
determine whether HLJ1 expression
is responsible for the invasion
suppression in lung cancer, we
transfected the human HLJ1 cDNA
into high invasive CL1-5 cells, which
have low levels of endogenous HLJ1
expression. The cell invasion assay
indicated that stable transfectants of
HLJ1 in CL1-5 cells significantly
suppressed the cell invasive ability
compared to mock transfectants.
The results suggest that HLJ1
appears to be involved in cancer
invasion and may be a novel cancer
invasion suppressor gene.

INTRODUCTION

Metastasis is a complicated
multi-step process beginning with
cancer cells leaving the primary
tumor site and relocating in a remote
organ. This process involves
interactions between cancer cells and
their surrounding
microenvironments(1, 2). Previously,
to identify and isolated the possible
genes associated metastasis, we
screened a panel of lung cancer cell
line (CL1-0, CL1-1, CL1-5 and
CL1-5F4 in order of increasing
invasion activity) by cDNA microarry
with colorimetric detection system.
We have identified dozens of

metastasis associated genes on a
genome-wide scale in these model
cell lines (3). CRMP-1, one of the
metastasis suppressor genes
selected from above mention, has
been characterized as a novel gene
associated with clincal metastasis (4).
In this study, we will characterize
another candidate gene, DnaJ-like
heat shock protein 40 (HLJ1), which
belongs to the DnaJ/Hsp40 family
protein. Human DnaJ-like protein is
recently cloned and classified as heat
shock protein 40 family (HSP40), and
characterized as a co-chaperone (5).
A previous report indicated that the
family gene, Mrj, directly bound
cytokeratin18, and microinjection of
anti-Mrj antibody would result in the
disorganization of K8/18 filaments (6).
Another DnaJ-like protein, ARG1,
also showed that potentially
interacted with the cytoskeleton (7).
These results suggest that DnaJ-like
protein (Mrj or ARG1) may play an
important role in the regulation of
cytoskeleton formation and maybe
highly relate to cell mobility. in
addition, the drosophila tumor
suppressor gene lethal tumorous
imaginal discs (tid) was identified as
a homolog of all DnaJ-like genes
known to date which have been well
preserved in evolution (8). Basing on
the aforementioned description and
the evidences of microarray results, it
is reasonable to speculate the role of
DnaJ played in invasion/metastasis.

In this project, we will
over-express this potential and novel
candidate gene in the highly
metastatic cell line (CL1-5) and
evaluate its regulatory function in
metastasis suppression. We will also
use real-time quantitative RT-PCR,
which has been established as a
rapid and sensitive technique for
accurate quantification of mRNA in
tissues and cells to evaluate HLJ1
(DnaJ-like protein) mRNA



expression in clinical specimens with
or without metastasis. These efforts
may provide the clues to interpret
the mechanism of metastasis and
develop the strategies of gene
therapy.

MATERIALS AND METHODS

Cell lines and culture medium
Human lung carcinoma cell lines,
CL1-0, CL1-1, CL1-5, and CLF4,
with different metastatic and invasive
capacities were cultured in
RPMI-1640 medium with 10% FBS
at 37 C, 20% Oz and 5% CO,.

RNA extraction and mRNA
isolation

Total RNA isolation was performed
by using RNazol B reagent.
OligotexTM mRNA Midi Kit
(QIAGEN) was used to obtain
mRNAs from the total RNAs
mentioned above.

Preparation of cDNA probes
The labeling reactions were
performed during reverse
transcription in the presence
Biotin-16-dUTP or Dig-9-dUTP
(Roche Molecular Biochemicals;
Mannheim, Germany).

Colorimetry detection and image
processing

After hybridization, the blue
chromogen was generated by
treating the membrane with X-gal
substrate.

Northern Hybridization

The Northern blot hybridization
protocol followed Sambrook et al.
(1989)

Transfection

CL 1-5 celis were cultured to ~80%
confluence in complete medium, and
then transfected with the pTet-off
vector by Lipofectamine (Gibco
BRL).

In Vitro invasion assay

The invasive capacities for cell lines
were examined by using membrane
invasion culture system (MICS) to
confirm their invasive ability
respectively.

Patients and Specimens

Eighty patients who underwent
resection for non-small cell lung
cancer at the National Taiwan
University Hospital between
September 1994 and December 1996
were included in the study. This
investigation was performed after
approval by the Institutional Review
Board of National Taiwan University
Hospital. Written informed consent
was obtained from all patients.

Real-Time Quantitative Reverse
Transcription Polymerase Chain
Reaction

The fluorescence emitted by the
reporter dye was detected on-line in
real-time using the ABI prism 7700
sequence detection system (PE
Applied Biosystem, Foster City,
California).

RESULTS

1. cDNA Microarray analysis: In
our previous study, to identify and
isolated the possible genes
associated metastasis, we
screened a panel of lung cancer
cell line (CL1-0, CL1-1, CL1-5
and CL1-5F4 in order of
increasing invasion activity) by
cDNA microarry with colorimetric
detection system. cDNA
microarray membrane, each
containing 9600 non-redundant
expressed sequence tag clones,
were used to identify differentially
expressed genes in these cell
lines. The candidate HLJ1 gene
expression is down regulation in

this model cell lines (Fig. 1).



2. Molecular Cloning of HLJ1

gene: Total RNA was reverse
transcribed by using SuperScript
Il RTase (Gibco-BRL, Rockuville,
Maryland) and random hexamer.
A cDNA encoding the entire
human HLJ1 coding region was
amplified from the cDNA of
CL1-0 by PCR. The primers
sequences were as follows: 5'
primer:
5-CGCGGATCCATGGGGAAAG
ACTATTATTGC-3 and 3' primer:
5-GCTCTA
GAATTCTATGAGGCAGGAAGA
TG-3’. The 1014-bp HLJ1 cDNA
fragment was digested by BamH
I/’Xho | and cloned into a pTRE2
vector according to the
manufacturer’s instructions.
Sequence analysis showed
100% homology to the published
sequence for DnaJ-like heat
shock protein cDNA.

HLJ1 gene expression in lung

cancer cell lines: The HLJ1
gene expression in lung cancer
cells was detected using
Northern blot hybridization,
Real-Time Quantitative RT-PCR
and Western blot analysis (Fig.
2).

Effect of heat shock on the
HLJ1 expression in CL1-0 and
CL1-5 cells. The HLJ1 gene
expression is increased in CL1-0
cells after heat shock treatment,
but the heat shock response was
lost in CL1-5 cells (Fig. 3).

Effect of Curcumin treatment
on CL1-5 cell: The culture
medium with curcumin induced
HLJ1 expression and reduced
the invasion activity in CL1-5 cell
(Fig. 4).

Overexpression of HLJ1 and
inhibition of invasion activity
in vitro.

HLJ-1 mRNA expression was
significantly lower in cancer
specimens as compared with
their normal counterparts.

Real time quantitative RT-PCR
was used to determine
numbers of HLJ-1 transcripts
in normal lung and lung
cancer tissue from 78 patients
with lung cancer (Table 1).

DISCUSSION

Our results indicate that HLJ1
expression level is negatively
correlated with invasion ability of
the lung cancer cell lines.

. The HLJ1 gene expression is

increased in CL1-0 cells after
heat shock treatment, but the
heat shock response is lost in
CL1-5 cells.

. Curcumin, a medicinal herbal

compound, can induce HLJ1
expression and suppress invasion
ability of lung cancer cell.

. Overexpression of HLJ1 in high

invasive lung cancer cells (CL1-5)
significantly suppresses the cell
invasive ability compared to mock
transfectants.

. In this study, we report that the

expression of HLJ1 is significantly
lower in cancer specimens as
compared with their normal
counterparts.

. The results suggest that HLJ1 is

involved in cancer invasion and
may be a novel cancer invasion
suppressor gene.

. Training in molecular cloning and

characterization of interesting
gene identified from microarray
results.
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Fig. 1. Close-up views of microarray images showing gene expression patterns.
Arrowheads, HLJ1 gene, which had lower expression levels in more invasive/

metastatic cell lines.

(A) S >0
\Nv
& &~

HLII/TBP ratio

| & mn

| « GAPDH

Lo CLi-l CLLS F4

(C) CL1-0 CL1-1 CL1-5 CL1-5-F4
o o - “_

Fig. 2 The expression of HLJ1 in lung cancer cells. (A) Northern blot analysis
of mRNA for HLJ1 transcribed using full length of HLJ1 cDNA probe. The
GAPDH probe was used as an internal control for RNA quantity. (B) In
confirmation of Northern blot analysis, we detected the expression of HLJ1
gene using Real-time quantitative RT-PCR. (C) Western blot analysis showed
that the expression of the HLJ1 protein was also lower in Cl1-5 and CL1-5F4

cell than in CL1-0 andCL1-1 cell.
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Fig. 3 Effect of heat shock on the HLJ1 expression in CL1-0 and CL1-5 cells.
(A) Northern blot analysis of mRNA for HLJ1 transcribed using HLJ1
specific probe. The GAPDH probe was used as an internal control. (B)To
determin the expression of HLJ1 gene, a Real-time quantitative RT-PCR was
performed. In this study, the heat shock cells were harvested after incubate at

45°C for 30min.
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Fig. 4 Curcumin, a medicinal herbal compound induced HLJ1 expression and
suppressed invasion ability of lung cancer cell. (A) Real-time quantitative
RTPCR demonstrating that curcumin induced expression of HLJ1 gene. (B)
The cell invasive activity was examined by use of a membrane invasion culture
system. Lung cancer cell CL1-5 were treat with the indicated concentrations
of curcumin for 24 hrand then were harvested for RNA extraction and in

vitro invasion assay.
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Fig. 5 Overexpression of HLJ1 and inhibition of invasion activity in vitro. (A)
Full-length HLJ1 cDNA cloned into the constitutive mammalian expression
vector, pCDNA3, was transfected into CL1-5. (B) To confirm the presence of
integrated plasmids in clonal cell lines, we performed PCR reaction with T7
and SP6 primers. (C) Real-time quantitative RT-PCR analysis of HLJ1
expression in parental CL1-5, mock-transfected CL1-5 cells (PCC3 and PCC5)
and HLJ1-transfected CL1-5 cells (PCC9, PCC12 and PCC21). (D) The cell
invasive activity was measured by use of a membrane invasion culture system.
Each clone was assayed in three experiments carried out in triplicate. HLJ1
transfectants are significantly reduced invasive activity (P<0.0001) compared
with the vector- only transfectants.
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Fig. 6 HLJ-1 mRNA expression was significantly lower in cancer specimens
as compared with their normal counterparts. (A) The mean for tumor is
represented as 100 and abundance of HLJ-1 mRNA in each patient sample
was expressed as a percentage of this value. Bar indicates mean value of
normal tissue counterparts. * Statistical difference at p<0.0000001 (paired t
test). (B) The mean valuefor clinical samples with tumor stage il or IV is
represented as 100. Bar indicates mean value of clinical samples with tumor
stage | or ll. ** Statistical difference at p<0.05 (Pearson chi-square test).

Table 1. Clinicopathologic characteristics of tumors with high and low expression of HLJ-1
total RNA in 78-paired specimens.

-ACy

Characteristic <-0.79 == 0.79 P
Age, y. meantsp 64.7t10.8  65.1%10.9
Sex, No. of patients
Male 27 30 0.444
Female 12 9
Stage,* No. of patients
120 ' 16 26 0.023
Hi-1v 23 i3
Tumor status.” No. of patients
T2 27 33 (107
T3- 4 2 6
Lymph node states,” Noo of patients
NO - 1 21 28 0.161
N2 -3 i8 I
Histology. No. of patients
Squamouscell carcinoma 7 9 0544
Adenocarcinoma I8 i6

Table. 1 Real time quantitative RT-PCR was used to determine numbers of
HLJ-1 transcripts in normal lung and lung cancer tissue from 78 patients with
lung cancer. We arbitrarily used median value of HLJ-1 mRNA to classify
patients into high-expression or low-expression groups. Low-expression
patients were more likely than high-expression patients to have advanced
disease (Table 1., stage Ill or IV; p=0.023).



