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Alterative Expression and Sequence of Human Elongation Factor-18
during Malignant Transformation of Human Bronchial Epithelial
Cells Induced by Cadmium Chloride®
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Objective To study the alternative expression and sequence of human elongation factor-18 (human EF-18 p31) during
malignant transformation of human bronchial epithelial cells induced by cadmium chloride (CdCl,) and its possible mechanism.
Methods Total RNA was isolated at different stages of transformed human bronchial epithelial cells (16HBE) induced by
CdCl,at a concentration of 5.0 uM. Special primers and probe for human EF-13 p31 were designed and expression of human
EF-16 mRNA from different cell lines was detected with fluorescent quantitative PCR technique. EF-18 cDNA from different
cell lines was purified and cloned into pMD 18-T vector followed by confirming and sequencing analysis. Results The
expressions of human EF-18 p31 at different stages of 16HBE cells transformed by CdCl, was elevated (P<0.01 or P<0.05).
Compared with their corresponding non-transformed cells, the overexpression level of EF-18 p31 was averagely increased 2.9
folds in Cd-pretransformed cells, 4.3 folds in Cd-transformed cells and 7.2 folds in Cd-tumorigenic cells. No change was found
in the sequence of overexpressed EF-15 p31 at different stages of 16HBE cells transformed by CdCl,. Conclusion
Overexpression of human EF-13 p31 is positively correlated with malignant transformation of 16HBE cells induced by CdCl,
but is not correlated with DNA mutations.
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Sequencing analysis
INTRODUCTION

Metallic cadmium (Cd) and its related
compounds are known environmental and
occupational metals™. A large number of workers are
potentially exposed to Cd in a variety of occupational
settings®!. Significant human exposure to Cd also
occurs through the ingestion of Cd-contaminated
food®®. Considerable quantities of cadmium
compounds have been detected in tissues and various
organs of individuals exposed to the metal. The
toxicological responses of exposure to Cd include
kidney and liver damage, respiratory diseases,
neurological disorders, and bone effects®®!. Available
experimental and epidemiological data show that Cd
and its compounds are carcinogenic to experimental
animals and humans. For example, lung and prostate
have been reported as targets for cancer development
in people exposed to Cd®*®. Cadmium can induce

kidney, prostate, and testicular cancers in rats and
mice™. Based on the results of epidemiological and
experimental studies, Cd and compounds containing
Cd were classified as human carcinogens in 1993 by
the International Agency for Research on Cancer
(IARC)™. However, the molecular mechanism
underlying Cd carcinogenesis remains unknown.
Recent developments in oncogenomics have
illustrated that carcinogen-induced changes in gene
expression help to understand the potential cellular
and  molecular  mechanisms  of  chemical
carcinogenesis. In recent years, Dr. Joseph and Lei et
al have identified the mouse translation elongation
factor-15 (TEF-15 p31) as a novel
cadmium-responsive proto-oncogene, and the mouse
TEF-156 p31 exhibits the highest similarity to human
elongation factor-16 (human EF-18 p31), 92% and
76% similarity to the amino acid and the nucleotid
sequence, respectively™ 4. It is worth determining if
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overexpression and oncogenic potential of human
EF-18 p31 are present during malignant
transformation of human cells induced by Cd.

Malignant transformation in morphological cells
coupled with soft agar / nude mouse assay is a useful
approach to investigate human carcinogenic potential
of environmentally and occupationally related
agents™. Recently, we have established a model
system of malignant cell transformation with
cadmium chloride (CdCl,) in human bronchial
epithelial cells (16HBE) which are the main target
cells of Cd and its compounds. It is relatively
sensitive, inexpensive, and easy to perform.
Moreover, it enables us to stud%/ the mechanistic
processes during carcinogenesis™. In this study,
alterative expression and sequence of human EF-13
p31 were observed and the possible underlying
mechanism was assessed at different stages of
16HBE cells induced by CdCl..

MATERIALS AND METHODS

Preparation of Different 16HBE Cell Lines

16HBE cells immortalized by SV40 large T
antigen were kindly provided by Dr. Xu (Guangzhou
Institute  of Respiratory Diseases, China)™".
Morphological transformation of 16HBE cells
induced by CdCl, was performed as previously
described™. Briefly, 16HBE cells were treated

several times at different concentrations of CdCl..
Medium was used as a solvent control and distilled
water was used as a negative control. Cytotoxicity
and cell transformation assays were performed as
previously described™. The transformed cells were
identified by assays for anchorage-independent
growth in soft agar and tumorigenicity in nude mice.
Different 16HBE cell lines induced by CdCl, at a
moderate cytotoxicity (5.0 pmol), which gave
approximately 50% of the relative colony forming
efficiencies (RCFE), were used in the present study.

RNA Isolation and Primer (Probe) Sequences

Media from different 16HBE cell lines including
non-transformed, Cd-pretransformed, Cd-transformed,
and Cd-tumorigenic cells, were completely aspirated
and rinsed two times with 1>PBS. Total RNA was
isolated from the cells using a TRIzol kit (Gibco BRL,
USA) according to its manufacturer’s instructions.
Purity and integrity of total RNA, used for reverse
transcription of mRNA to cDNA, were analyzed by
spectrophotometry  (Eppendorf, Germany) and
agarose gel electrophoresis, respectively. For the
detection of EF-16 p31 expression by quantitative
assays, primers of human EF-16 p31 (GenBank
accession number Z21507) and corresponding probes
were designed with Primer Express 2.0 software and
synthesized by Da’an Co. China (Table 1).

TABLE 1

Primers and Probe of Human EF-13 p31 for Fluorescent Quantitative-Polymerase Chain

Reaction (FQ-PCR) Assay Sequences of Primers and Probe

Length of Products

Sense 5-gCTACAAACTTCCTAGCACATGAGAAG-3' 86 bp

Antisense

5-TTCATCT9CTCgTAgAATCTCCTTT-3'

Probe 5" -FAM-TggTTCgACAAgGTTCAAATATYACY-TAMARA-3'

Standards for Positive Templates

Human EF-16 c¢DNA generated by reverse
transcription from target RNA was amplified as the
standards for positive templates in PE9600 PCR
machine (ABI PRISM, USA). FivexPCR buffer
containing10 mmol Tris-HCI (pH 8.0), 50 mmol KClI,
2 mmol MgCl, was mixed with 20 umol Taqg DNA
polymerase, 10 mmol dNTPs and 25 pmol primers,
then 5 pL of human EF-18 cDNA template
(corresponding to 1.25 pug RNA) was added to the
master mix. PCR amplification was performed with a
pre-denaturation at 93 ‘C for 2 min, followed by 40
cycles of denaturation at 93 ‘C for 1 m, annealing at
55 ‘C for 1 min and extension at 72 ‘C for 1 min.
Copies (copies/uL) of EF-16 ¢cDNA were calculated
according to the ODyg and fragment length of PCR

products, and diluted to the gradient concentrations of
107, 10°, 10° 10% 10° copies/uL for the standard
gradient templates. Tri-distilled water was used as a
negative control.

Detection of Human EF-16 by FQ-PCR Assay

Detection of human EF-16 ¢DNA Human
EF-13 cDNA was detected by fluorescent
guantitative-polymerase chain reaction (FQ-PCR)
assay in a PE 7000 sequence detection system (ABI
PRISM, USA) as previously described™.. Briefly, a
commercially available FQ-PCR master mix (Da’an
Co. China) containing 5>%PCR buffer, 20 umol Tagq
DNA polymerase, 10 mmol dNTPs, was mixed with
25 umol primers, 20 umol probe and 5 pL of human
EF-15 ¢cDNA template (corresponding to 1.25 pg
RNA). Then, 50 uL of total reaction system was
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performed with pre-denaturation at 93 ‘C for 2 min,
followed by 40 cycles of denaturation at 93 C for
45 s, and annealing at 55 ‘C for 45 s. When the
samples were examined by FQ-PCR, EF-15 ¢cDNA
standard gradient templates and blank reagents were
simultaneously amplified. Each sample was
examined in triplicate. Fluorescence was measured at
the end of annealing-extension phase of each cycle.
The PE 7000 sequence detection system (ABI
PRISM, USA) was used to detect the fluorescent
intensity at 518 nm wavelength and the amount of
target cDNA (copies/ug RNA) was calculated
according to the standard gradient template curve and
compared with its threshold value which was set for
the fluorescence of all samples. The reaction cycle at
which the PCR product exceeded this fluorescence
threshold was identified as the threshold cycle (CT).

Calculation of human EF-16 cDNA The
amount of target cDNA (copies/ug RNA) was
calculated according to standard gradient template
curve from the following formula: C=Q>V pna /
(Vrna>Lgrna), Where C represents human EF-15
cDNA copies, Q represents the amount of target
cDNA examined, V pna represents the volume of
cDNA template, Vrna represents the volume of RNA
template for reverse transcript, and Lgna represents
the concentration of RNA template.

Cloning and Sequencing of Human EF-16

Four lines of single-cell cloning were established
from  non-transformed,  Cd-transformed  and
Cd-tumorigenic cells, separately, as previously
described®””. Total RNA was isolated from the cells
with a TRIzol kit and two fragments of human EF-15
cDNA were obtained by RT-PCR with the specific
primers (F1: TTTCATCAgTCTTCCCgCgT, R1:
ggCTCACACCTQTAATCC CAA, 166 bp; F2: TTT
CATCAgTCTTCCCgCgT, R2:
CTTgTTgAAAQCTgCgATATCg, 910 bp). PCR
amplification ~ products  were  purified by
electrophoresis on an agarose gel and specific DNA
fragments were recollected. The target DNA fragment
was cloned into the pMD18-T-vector using the
T4-DNA ligase (TaKaRa Biomedicals) following its
manufacturer’s instructions. The inserted plasmid
pMD18-T with EF-16 gene was transformed into
competent cells (E. Coli DH5a). Antibiotic selection
and blue / white color selection methods were used in
the transformant-selecting process. Several clones
selected at random were cultured in a LB medium.
After the fused plasmids were isolated, sub-cloning
of the EF-18 fragments was confirmed with
restriction enzyme (BamHI, EcoRIl, and HindllIl)
digestion and gel electrophoresis analysis of the
digested plasmid. Double-stranded sequencing of the

EF-16 was preformed in Da’an Co. China.
Statistical Analysis

Student’s t-test was used to analyze the data from
the two groups. Differences among multi-groups
were analyzed by one-way ANOVA or Dunnett test
using Statistical Package for the Social Sciences.
Data were presented as meanzSD. P<0.05 was
considered statistically significant.

RESULTS

Alterative Expression of EF-15 in 16HBE Cells
Transformed by Cd

Kinetic curves for positive standard human EF-15
Kinetic curves for positive gradient standard
human EF-16 ¢cDNA and negative quality control
plot for fluorescent quantitative PCR are shown in
Fig.1. The correlation coefficient between Ct value and
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Fic. 1. Kinetic curves for positive gradient standard human
EF-15 cDNA (A) and negative quality control plot
(B) for fluorescent quantitative PCR. X axis denotes
the Ct value (cycle number of a quantitative PCR
reaction), Y axis denotes the ARn which is the
fluorescence intensity over the background.
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fluorescence intensity over the background was 0.999.
The Ct value from the negative quality control plot
was over 30, indicating that there is no contamination
in the FQ-PCR reaction system.

Overexpression of EF-10 in I6HBE cells
transformed by Cd The overexpression of human
EF-16 mRNA at different stages of 16HBE cells
transformed by CdCl, was further quantified by
FQ-PCR assay (Table 2, Figs. 2 and 3). The human
EF-15 p31 expression at different stages of 16HBE

cells transformed by CdCl, was higher than their
corresponding non-transformed cells (P<0.01 or
P<0.05), the overexpression level of human EF-15
p31 was averagely increased 2.9 folds in
Cd-midtransformed cells, 4.3 folds in Cd-transformed
cells and 7.2 folds in Cd-tumorigenic cells, indicating
that human EF-18 genes are significantly
overexpressed during malignant transformation of
16HBE cells induced by Cd, which is related to the
malignancy of cells.

TABLE 2

Overexpression of EF-18 p31 during Malignant Transformation of 16HBE Cells Induced by CdCl, (Mean%SD)

Human EF-15 cDNA (x10° copies'ugRNA

Cells induced by Cd n - - -
Cell line 1 Cell line 2 Cell line 3
Non-transformed Cells 3 1.13+0.23 1.13+0.23 1.13+£0.23
Cd-pretransformed Cells 3 3.79 +0.17" 459 +0.49" 1.55 +0.13"
Cd-transformed Cells 3 5.86 +0.87" 7.86 £0.71" 3.29 +0.63"
Cd-tumorigenic Cells 3 7.76 £1.46™ 7.17 £0.36" 9.44 +1.32"

Note. "P<0.05, “"P<0.01 vs non-transformed controls (Analysis of variance and Dunnett t-test).
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FiG. 2. Representative overexpression of human EF-18
gene in 16HBE cells induced by CdCl,. X axis
denotes the cycle number of quantitative PCR, Y
axis denotes the ARn which is the fluorescence
intensity over the background.

Sequence Analysis of Overexpressed EF-15 Gene

Confirmation of plasmid pMD18-T-EF-15 gene

4 3 2 1 Ml

EF-16 fragment
(166 bp)  =—p

The inserted plasmid pMD18-T with EF-15 gene
from positive clones was confirmed by restriction
enzyme (BamHI, EcoRlI, and HindlIl) digestion
and gel electrophoresis of the digested plasmid.
The segments (166 bp and 910 bp) were matched
with the expected size of recombinant pMD18-T
vector of the EF-16 gene, indicating that the
EF-16 gene can be inserted into the pMD18-T
vector (Fig. 4).

Human EF-18
(86 bp)

Fic. 3. Two percent agarose gel electrophoresis
showing representative human EF-156 cDNA
products. M: 100 bp ladder molecular
standard; lanes 1-12: different human EF-18
cDNA products.

EF-15 fragment
<+ (910 bp)

Fic. 4. Inserted plasmid pMD18-T with EF-16 gene from positive clones confirmed by restriction enzyme
(BamHlI, EcoRl, and HindlIll) digestion and gel electrophoresis of the digested plasmid. M1: TaKaRa DL
2000 (from far to near: 100, 250, 500, 750, 1 000, 2 000 bp); M2: Biochip (from far to near: 100, 1 200, 2
000, 4 000 bp); Lanes 1-2: pMD18-T vector + EF-15 fragments; Lanes 3-4: pMD18-T vector.
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Sequence of human EF-16 gene The
overexpressed human EF-168 genes at different stages
of 16HBE cells transformed by CdCl, were sequenced
and compared with those in GenBank. The sequences
of target EF-18 genes and those in GenBank were
100% matched with the basic local alighment search
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tool (BLAST) (Table 3). Compared with those of
control 16HBE cells, no change was observed in the
sequence of human EF-16 cDNA in transformed and
tumorigenic cells induced by Cd, indicating that the
EF-18 p31 cDNA region is not a target sequence in
carcinogenesis induced by Cd (Fig. 5).

TABLE 3

3 EF-15 Genes at Different Stages of 16HBE Cells Transformed by Cd with BLAST

Cells Induced by Cd Cell Lines Similarity with BLAST
Non-transformed Cells 4 100%
Cd-pretransformed Cells 4 100%
Cd-transformed Cells 4 100%
Cd-tumorigenic Cells 4 100%

0 430 440

450 460

2
TACGTGCTGGGTCTGTGGGGCCGTGGCCCGGTGGCCAGGCGAGCTCTTC

xmhdumhlmuuhmtnhuMuﬂﬂl |

430 440 450

460 470

3GGTCTGTGGGGCCGTGGCCCGGTGGCCAGGCGAGCTCTTCTCCAGCAC(

FiG. 5. Sequences of human EF-15 genes at different stages of 16HBE cells transformed by Cd compared
with those in GenBank. A: Sequences of EF-16 gene from non-transformed cells; B: Sequences of

EF-16 gene from Cd-tumorigenic cells.
DISCUSSION

Morphological transformation of cells in vitro is
a phenomenon that has been noted for many years as
a complex series of events with patterns of growth
control changes similar to carcinogenesis?>?.
Several studies have shown that rodent cells or
human fibroblasts are a sensitive system for cell
transformation to chemical agents!®*?*. Recently,
Keshava et al.™' have established a model system of
morphological cell transformation of BALB/c-3T3
cells using CdCl,. However so far no report is
available on malignant transformation of human
airway epithelial cells induced by CdCl,. We have
used human 16HBE cells as a target of CdCl, for
morphological transformation, and the results

demonstrate that malignant transformation in 16HBE
cells coupled with soft agar/nude mouse assay is a
useful approach to study human carcinogenic
potential of Cd™. It has been reported that most
human tumors originating from epithelial cells and
16HBE cells possess the features of human normal
airway epithelial cells™?%. Moreover, 16HBE cells
are easy to culture and free tumorigenic to nude mice,
indicating that 16HBE cell lines can be used as a
target for investigation of chemical carcinogens.
Changes, especially genetic changes in
expression of genes regulating cell cycle, play an
important role in the development of malignant
transformation®®?®.  Modifications  in  the
translational machinery of cells, including changes in
both eukaryotic translation initiation and elongation
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factors, can result in susceptibility to transformation
and acquisition of transformed and oncogenic
properties in cells?®**%. For example, enhanced
expression of elongation factor-la. (EF-1a) confers
susceptibility to carcinogens and UV light-induced
transformation to mouse and Syrian hamster cell
lines®. Furthermore, elevated levels of human
EF-1a and EF-1y are found in tumors of the pancreas,
colon, breast, lungs, prostate and stomach relative to
normal tissues®***. It is reported that mouse TEF-18
p31 has been identified as a novel
cadmium-responsive proto-oncogene™**. In this
study, the expression of human EF-18 p31 at different
stages of 16HBE cells transformed by CdCl, was
higher than that of non-transformed controls, and the
expression level of EF-18 p31 increased with the
malignant degrees of cells. No change was found in
the sequence of human EF-16 cDNA in the
transformed and tumorigenic cells induced by Cd,
indicating that EF-13 p31 cDNA region is not a target
sequence in carcinogenesis induced by Cd and that
EF-16 p31 is significantly overexpressed during
transformation of 16HBE cells induced by CdCl,, and
overexpression of EF-18 p31 is positively correlated
with malignant transformation of 16HBE cells
induced by CdCl,, rather than with DNA mutations.
These findings may explain, in part, the cadmium
carcinogenesis.
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