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Abstract
AIM: To investigate the expression level of ZNRD1 gene in
gastric cancer cells SGC7901 and gastric cancer MDR
(multidrug resistant) cells SGC7901/VCR, and to observe
the drug sensitizing and proliferation effect of ZNRD1
antisense nucleic acid transduction on SGC7901/VCR cells.

METHODS: Amplification of sequences encoding ZNRD1
from SGC7901/VCR cDNA by PCR. The levels of ZNRD1
mRNA expression were demonstrated using semiquantitative
reverse transcription polymerase chain reaction (RT-PCR).
Eukaryotic expression vector pcDNA3.1-anti ZNRD1 was
constructed and transfected into SGC7901/VCR cells by
lipofectamine. Immunochemical method was used to detect
the expression of protein in SGC7901/VCR cells and
transfectants. The cell cycle alteration and the intracellular
adriamycin (ADM) accumulation were observed by FACS.
Growth curve and drug sensitization of cells for vincristine
(VCR) were analyzed with MTT assay.

RESULTS: We cloned the open reading frame of full-length
ZNRD1. The expression of ZNRD1 showed higher in
SGC7901/VCR than in SGC7901 cells. The antisense ZNRD1
drug-resistant clones were selected after gene transfection.
Immunochemical results showed that the expression level
of ZNRD1 protein was lower in anti ZNRD1-SGC7901/VCR
cells than that in non-transfectants. Comparing to SGC7901/
VCR and pcDNA3.1-SGC7901/VCR, anti ZNRD1-SGC7901/
VCR showed gradually accumulated in G1 phase, with a
concomitant decrease of cell population in S phase. FACS
also suggested intracellular ADM accumulation increased
2fold in SGC7901/VCR cells after transfected with antisense
ZNRD1. MTT assay showed that transfectants cells
proliferation was lagged and more sensitive to VCR than
non-transfectants.

CONCLUSION: ZNRD1 gene displayed highly expression
in VCR resistant gastric cancer cells. Expression of ZNRD1
protein was effectively blocked in anti ZNRD1-SGC7901/VCR
cells by gene transfection. ZNRD1 antisense nucleic acid
transfection sensitized drug resistant gastric cancer cells to
VCR, increased ADM accumulation and inhibited the cells
proliferation. ZNRD1 antisense RNA transduction could
reverse the MDR of human drug-resistant gastric cancer
cell SGC7901/VCR to a degree.
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INTRODUCTION
Chemotherapy is one of the major methods in tumor treatment,
but it often does not work due to MDR. In previous studies,
we examined the expression of ZNRD1 is higher in VCR-
resistant (SGC7901/VCR) cells than in parental cells SGC7901
by Subtractive Hybridization. The purpose of this study was
to investigate the expression and effect of ZNRD1. We
transfected ZNRD1 antisense nucleic acid, which is a Homo
sapiens transcription-associated zinc ribbon protein, into VCR-
resistant gastric cancer cells, and observed the expression of
target protein in transfectants and the sensitivity of transfectants
to chemotherapeutic agents in order to find the ground for
reversing gastric cancer MDR.

MATERIALS AND METHODS

Material
Gastric cancer cell line SGC7901, VCR-resistant gastric cancer
SGC7901/VCR cells, DH5α bacterial strain and rat anti human
ZNRD1 polyclonal antibody were kept in our department. The
expression vector pcDNA3.1+ was from our department.
EcoRV, Xba I, BamHI, cloning vector pUCm-T and T4 DNA
ligase were purchased from Takara; MTT, DEPC from Sigma.
TRIZOL, M-MuLV RT enzyme, Taq DNA polymerase,
DMEM, Lipofectamine and G418 were products of Gibco
BRL, and Primer from Sangon, Shanghai. Avidin biotin
peroxidase complex (ABC) kit was obtained from Vector. VCR
from Shanghai Hualian Pharmaceutical Co. Ltd, and ADM
from Meiji Pharmaceutical Co. Ltd.

Methods
Cell culture  The MDR subline SGC7901/VCR was developed
by exposing the parental SGC7901 cells to stepwise increasing
concentrations of anticancer drugs VCR. All cells were
cultivated in DMEM supplemented with 10 % heat-inactivated
fetal bovine serum at 37  in 5 % CO2

 atmosphere. Medium
for SGC7901/VCR cells was further supplemented with VCR
(1.0 µg/ml). Before use in experiments, SGC7901/VCR cells
were cultured in drug-free medium for 2 weeks. Cell stocks
were cultivated in these conditions until nearly confluent and
subcultured at 1:20 dilution or plated for experiments.
RT-PCR of ZNRD1  Total cellular RNA was extracted from
SGC7901 and SGC7901/VCR cells using TRIZOL reagent,
cDNA was transcripted from mRNA by RT-PCR. Total RNA
(5 µg) and random primer (2 µg) in DEPC water were denatured
at 65  for 15 min, then 4 µL 5×reverse transcriptase buffer,
3 µL 10 mmol·L-1 dNTP, 1 µL M-MuLV reverse transcriptase
(200 U) and DEPC water were added to have the total volume
of 20 µL. The reaction was performed at 25  for 10 min, then
42  for 1 hour, and 70  for 10 min to inactivate the reverse
transcriptase. PCR was performed in a 50 µl reaction mixture



containing 2 µL reactant, 2.5 U Taq DNA polymerase,
deoxynucleoside triphosphates (0.2 mM each), and 1.5 mM
MgCl2. The sense primer (5’-ccaactccctcctcagacccg-3’) and
antisense primer (5’-cctgggcaaatatacagtcc-3’) designed
according to the DNA sequence of ZNRD1 (GenBank accession
no. AF024617). The PCR consisted of initial denaturation at
94  for 5 min, followed by 30 reaction cycles (50 s at 94  and
60 , and 30 s at 70 ) and a final cycle at 72  for 10 min. The
β2-microglobulin was used to internal standard. The amplified
fragments were detected by agarose gel electrophoresise.
Construction of recombinant pUCm-T-ZNRD1 and
sequencing of ZNRD1  The PCR product of about 434 bp was
isolated and ligated with pUCm-T vector by T4 DNA ligase. E.
Coli DH5α was transformed with the resulted recombinants
pUCm-T-ZNRD1 and the positive bacteria colonies were screened
by ampicillin resistant and blue-white screening with X-gal and
IPTG. The cDNA of ZNRD1 cloned in pUCm-T was sequenced
by the dideoxynucleotide termination procedure of Sanger.
Construction and identification of antisense nucleic acid
The ZNRD1 cDNA was generated by digestion of pUCm-T-
ZNRD1 plasmid with EcoR V and BamHI restriction enzyme
site. Under T4 DNA ligase, cDNA fragment was inserted in
the reverse orientation into the pcDNA3.1+ expression vector
that was linearized with the same enzymes. The recombinant
plasmid was identified through enzyme digestion and agarose
gel electrophoresis.
Gene transfection and selection  The pcDNA3.1-anti
ZNRD1 (1 µg) diluted in 100 µl DMEM was mixed with 2 µl
lipofectamine, and placed at room temperature for 10 min.
The mixture was then transfected into 1×105 SGC7901/VCR
cells. After 24 h incubation at 37 , the culture was rinsed
and re-fed with fresh growth medium. After transfection 48 h,
the culture was split and then selected in the culture medium
containing the neomycin analogue G418 (400 mg/L). At the
same time, pcDNA3.1+ vector that lacked target genes transfected
cells and non-transfectants served as negative controls.
Immunocytochemistry  The expression of ZNRD1 was
detected by immunocytochemical staining with the ABC kit.
Cells were seeded in glass slides in DMEM at 37  for further
24 h, slides were washed with phosphate-buffered saline (PBS)
for 3-5 min, then fixed in cold acetone for 5 min; 50 mL·L-1

H2O2 was added and incubated at room temperature for 10-15
min then added 3 g·L-1 TritonX-100 for another 15 min. The rabbit-
anti-human polyclonal antibody ZNRD1 and normal rabbit serum
were used at dilution of 1:100, and incubated at 4  over
night; Biotinylated goat anti-rabbit IgG was added and incubated
at 37  for 1 h, then incubated with avidin DH-Biotinylated
peroxidase for 45 min. Finally, color was developed by immersion
of the sections in a peroxidase substrate solution DAB.
Cell cycle  Cells were harvested, washed with PBS twice and
fixed with ethanol at 4  overnight. Fixed cells were washed
twice with PBS and stained with propidium iodide. The
fluorescence indensity of propidium iodide-stained nuclei was
determined by flow cytometric analysis.
Adriamycin accumulation  According to described previously[1],
cells were cultured in 6-well culture plates at 37  for 48 h,
ADM was added to the final concentration of 5 mg·L-1. After
further culture for 1 h, PBS was used as negative controls.
Cells were harvested and suspended in cold PBS; intracellular
adriamycin fluorescence intensity was determined by flow
cytometric analysis with the stimulative and acceptant wave
length at 488 nm and 575 nm, respectively.
Growth curve  Exponentially growing cells (103) were trypsinized
and inoculated in 96-well plates. The cells were allowed to attach
overnight and then incubated for eight days. Cell number and
viability were determined by MTT cytotoxic assay. The cells in
three wells were supplemented with 20 µl MTT solution (5 g/L)
every day. After 4 h, culture media were discarded followed by

addition of 150 µl DMSO to melt crystal. The absorbance (A) was
measured at 490nm using a microplate reader.
Drug sensitivity assay  Dose-survival curves defining the
sensitivity of SGC7901/VCR, pcDNA3.1-SGC7901/VCR and
anti ZNRD1-SGC7901/VCR transfectants to VCR was obtained
using MTT cytotoxic assay. Cells (103-104) diluted with 200 µl
10 % DMEM were seeded into 96 well plates, after culturing
for 12 h, added VCR (0.05, 0.5, 5 and 50 µg/mL) according to
the clinically established plasma peak concentration. Three days
later, the absorbance (A) was measured as previously described
above. The percentage of viable cells was calculated as follow:
(A of experimental group /A of control group)×100 %. The IC50

was obtained by Nosa soft.

Statistical analysis
Student’s t test was used to assess statistical significance of
differences. If P<0.05, the difference was considered significant.

RESULTS

Semiquantitative RT-PCR
To examine ZNRD1 gene expression in MDR subline
SGC7901/VCR and SGC7901 cell line with Semiquantitative
RT-PCR. Two fragments were amplified, ZNRD1 cDNA
(434bp) and endogenous control gene β2-microglobulin
(118bp). It is revealed significantly higher ZNRD1 expression
in SGC7901/VCR than in SGC7901 cell line (Figure 1).

Figure 1  Semiquantitative RT-PCR for ZNRD1 and β2-
microglobulin. M: Marker (DL2000); Lane 1.3: SGC7901 cells;
2.4: SGC7901/VCR cells.

Construction of recombinants
The recombinant of pUCm-T-ZNRD1 was constructed with the
human ZNRD1 inserted into the cloning site of vector pUCm-
T. Selection and identification of the recombinant was carried
out by EcoRV/XbaI endonuclease digestion and agarose
electorphoresis (Figure 2). The cloned DNA segments in selected
recombinants were sequenced completely. According to the
results of DNA sequencing, the cDNA in a selected recombinant
was identical to the DNA sequence of ZNRD1 (GenBank
accession no. AF024617) in the reading frame.

Figure 2  Electrophoresis of PCR product and pUCm-T-ZNRD1
digested with enzymes. Lane 1: PCR product; Lane 2,3: Marker
(200bp); Lane 4: recombinant of pUCm-T-ZNRD1 cleaved by
EcoRV and XbaI; Lane 5: recombinant of pUCm-T-ZNRD1.
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Construction of eukaryotic expression vector
The EcoRV/BamHI fragment containing the complete ZNRD1
cDNA was subcloned into the pcDNA3.1+ expression vector.
Selection and identification of the recombinants were carried
out by EcoRV/BamHI endonuclease digestion and agarose
electrophoresis (Figure 3). The pcDNA3.1+ vector carrying the
neomycin-resistance gene for the selection of transfected cells.

Figure 3  Electrophoresis identification of pcDNA3.1-anti
ZNRD1. Lane 1: pcDNA3.1-anti ZNRD1/EcoRV+BamHI; Lane
2: pcDNA3.1-anti ZNRD1; Lane 3: Marker (200bp).

Establishment of transfectants
When transfected cells were cultured selectively by G418 for
4-5 weeks, resistant clones formed gradually. In contrast, all
nontransfectants died two weeks after G418 selection. Resistant
clones were further incubated in the presence of low dose G418
for 40-50 days. We got resistant clones, anti ZNRD1-SGC7901/
VCR cells.

Expression of ZNRD1
We detected ZNRD1 protein expression in transfectants by
immunocytochemistry. All cells had positive staining, staining
on anti ZNRD1-SGC7901/VCR cells was weaker than that on
SGC7901/VCR, ZNRD1 protein was expressed mostly in the
nucleus (Figure 4).

Figure 4  Detection of ZNRD1 expression in cells by immuno-
cytochemical staining. ×200. A: SGC7901/VCR; B: anti ZNRD1-
SGC7901/VCR.

Adriamycin accumulation
The effects of ZNRD1 antisense nucleic acid on ADM
accumulation in SGC7901/VCR cells were determined by flow
cytometric analysis. When cells were cultured in drug-DMEM,
intracellular drug concentration would increase and finally
stabilized at the highest plateau value, which was called
adriamycin accumulation. The fluorescence intensity of
SGC7901/VCR, pcDNA3.1-SGC7901/VCR and anti ZNRD1-
SGC7901/VCR cells, mean fluorescence of 104 cells, is 3.68,
5.70, and 7.24 respectively. The intracellular ADR
accumulation marked increase 2fold.

Inhibition of cell proliferation by ZNRD1 antisense nucleic acid
Cell cycle  When transfected SGC7901/VCR cells with
ZNRD1 antisense nucleic acid, the cell cycle obtained by FCM
was as shown in Table 1. The anti ZNRD1-SGC7901/VCR cells
gradually accumulated in G1 phase, with a concomitant decrease
of cell population in S phase.

Table 1  Cell cycle distribution of three kinds of cell lines
(Number fraction)

Cell line   G1     G2          S      G1/G2

SGC7901/VCR 0.572       0.111       0.317        1.900
pcDNA3.1-SGC7901/VCR 0.652       0.091       0.256        1.887
Anti ZNRD1-SGC7901/VCR 0.744       0.118       0.138        1.881

Growth curves  The cells viability were daily measured by MTT
proliferation analysis. The growth curve showed that cell growth
was suppressed after transfected with ZNRD1 antisense nucleic
acid (Figure 5).

Figure 5  Growth curve of cells.

Drug sensitivity assay
The IC50 of SGC7901/VCR, pcDNA3.1-SGC7901/VCR
and anti ZNRD1-SGC7901/VCR cells treated with VCR
is 50.51±0.3, 42.68±0.79, 10.87±0.25 (µg/mL), respectively.
The anti ZNRD1-SGC7901/VCR cells were more sensitive
to VCR (P<0.01).

DISCUSSION
Multidrug resistance (MDR), the principal mechanism by
which many cancers develop resistance to chemotherapeutic
drugs, is a major factor in the failure of many forms of
chemotherapy. There are several ways for cancer cells to
develop resistance or defense mechanisms against cytotoxic
drugs[2-4]. Several molecules have been found to confer MDR
phenotype of tumor cells, such as P-gp, MRP, LRP, BCRP,
GSH/GSH, TopoII, apoptosis associated proteins and anti-
apoptosis proteins. We found the MDR markers are differently
over-expressed and no coexpression exists in gastric cancer,
MGr1-Ag was a novel MDR protein[5-7]. However, these
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molecules could not interpret completely how tumor cells
develop MDR. The key to the clinical use of reversal agents
therefore lies in searching for agents with low toxicity and
high reversal activity. For gene therapy has very low toxicity,
it might therefore be suitable for clinical use.
     SGC7901/VCR is a vincristine-resistant SGC7901 cell line,
and it overexpresses P-gp and is cross-resistant to several anti-
cancer drugs. In previous studies, we have identified that 54
cDNA fragments were preferentially expressed in SGC 7901/
VCR cells by DD-PCR[8]. We isolated differentially expressed
genes from drug-resistant human gastric adenocarcinoma cell
lines using a polymerase chain reaction-based subtractive
hybridization technique, and the expression of ZNRD1 is higher
in SGC7901/VCR cells than in parental cells SGC7901[9].
ZNRD1 is a new zinc ribbon gene that cloned from the human
MHC class I region, named the gene ZNRD1 for zinc ribbon
domain-containing 1 protein[10]. Alignment with genomic DNA
demonstrates that this gene spans 3.6 kb and consists of four
exons and three introns. The full-length cDNA contains an
open reading frame of 378 bp. Within the putative
polypeptide of 126 amino acids, two zinc-ribbon domains
were identified: Cx2Cx15Cx2C at the N-terminal and
Cx2Cx24Cx2C at the C-terminal. The C-terminal domain
is actually folded as three β-sheets stabilized by a zinc ion
instead of finger like helices, compared to TFIIS zinc ribbon
folds, they fit each other very well. The conserved amino
acid sequence, CxRCx6Yx3QxRSADEx2TxFxCx2C is
highly homologous to the yeast RNA polymerase A subunit
9 and transcription-associated proteins.
    Transcriptional initiation and elongation provide control
points in gene expression. The highly conserved eukaryotic
transcriptional elongation factor TFIIS helps overcome
elongation barriers and enhances proofreading by RNA
polymerase II (RNAPII). The nucleic acid binding domain of
TFIIS contains a Cys4 Zn(2+)-binding site with no homology to
previously characterized Cys4, Cys6, or Cys2-His2 Zn fingers.
Its solution structure exhibits a novel three-stranded antiparallel
beta-sheet (designated the Zn ribbon), extends the repertoire
of Zn-mediated peptide architectures and highlights the
growing recognition of the beta-sheet as a motif of nucleic-
acid recognition. The TFIIS functions may be modulated by
the Zn ribbon domain through interactions with nucleic acids
in the elongation complex. The RNAPII contain a Zn ribbon,
in as much as the polymerase’s 15-kDa subunit contains a
sequence that aligns well with the TFIIS Zn ribbon sequence,
including a similarly placed pair of acidic residues. It has
demonstrated that TFIIS Zn ribbon is critical for stimulation
of both elongation and RNA cleavage activities of RNAPII.
Eukaryotic RNA polymerase II subunit 9 (RPB9) contains Zn
ribbon motifs homologous to TFIIS; it regulates start-site
selection and elongational arrest. RNAPII lacking the Rpb9
subunit uses alternate transcription initiation sites in vitro and
in vivo and is unable to respond to the transcription elongation
factor TFIIS in vitro. Alanine substitutions in the C-terminal
zinc ribbon domain of Rpb9, like amino acid substitutions in
the homologous part of TFIIS, completely eliminated
elongation activity. It has show that RPB9 has a synthetic
phenotype with the TFIIS gene[11].
    DNA primases are enzymes whose continual activity is
required at the DNA replication fork. They catalyze the
synthesis of short RNA molecules used as primers for DNA
polymerases. All DNA primases contain a metal binding site,
which is composed of four conserved Cys or His residues
that could potentially coordinate zinc[12]. Motif IV in the small
subunit contains four cysteines that could form a zinc ribbon
motif as a member of the zinc ribbon subfamily of zinc
binding motifs.
     The ability to selectively regulate the expression of genes

implicated in cancer could have important ramifications for both
basic research and for therapy. Using peptide combinatorial
libraries expressed in yeast, Bartsevich[13] has screened for a
novel zinc finger proteins that selectively bind to an overlapping
EGR1/SP1/WT1 regulatory site in the promoter of the MDR1
multidrug resistance gene. The novel proteins were only
moderately effective in blocking transcription by simple masking
of the target site. However, when coupled to mammalian
transactivator or repressor domains, they could selectively
modulate the expression of reporter genes having promoters
containing the MDR1 target site. Moreover, they could also
regulate transcription of the chromosomal MDR1 gene. These
studies potentially provide a novel alternative approach to the
control of multidrug resistance. They also provide important
insights into strategies for developing selective regulators of
gene expression.
    Thus, zinc ribbon is related to transcription and DNA
replication, and the construction is same to zinc finger. It may
regulate the expression of genes to control MDR.
      Semiquantitative RT-PCR analysis is a sensitive and specific
method; it is revealed that the RNA expression levels of
ZNRD1 were significantly higher in SGC7901/VCR cells than
that in SGC7901 cells. We transducted ZNRD1 antisense RNA
into SGC7901/VCR cells, then found that intrinsic ZNRD1
protein was decreased, and transfected cells were more
sensitive to VCR and cell growth was suppressed, the cell cycle
was notably changed, the G1 phase cells were gradually
increased, with a concomitant decrease of cell population in S
phase, these observations suggest that ZNRD1 antisense RNA
may be involved in the action of the G1 checkpoint and
inhibition of DNA replication. ADR can emit fluorescence;
its intensity represents its accumulation, which was markedly
enhanced in transfectants. The results suggested that the
formation of MDR in SGC7901/VCR cells was associated with
over expression of ZNRD1. Because gastric cancer is common
in China and some areas in the world[14-33], these results may
be important for further study.
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