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Editing genomic DNA in cancer cells with high
genetic variance: Benefit or risk?
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Abstract. The generation of stably-transfected cell lines is a
common and very important technology in cancer science.
Considerable knowledge in the field of life sciences has been
gained through the modification of the genetic code. However,
there is a risk in evaluating exogenous gene function through
editing genomic DNA in a cancer cell with high genetic vari-
ance. In the present study, we showed that genomic DNA
status should be considered when evaluating the exogenous
gene function in a cancer cell line with high variant genome
through stable transfection technology, immunostaining,
wound healing assay, Transwell invasion assay, real-time PCR,
western blot and karyotyping analysis. Our results showed that
the S100P expression level was not related to the migration
and invasion abilities in these stably transfected cell lines
derived from a human salivary adenoid cystic carcinoma cell
line SACC-83. The MMP expression pattern was detected by
western blot analysis which matched the biological behaviors
in these cells. The genomic analysis showed that SACC-83
presented hypotetraploid karyotyping with high variance. Our
data indicated that establishment of stable transgenic cancer
cell lines should consider the status of genetic variance in a
cancer cell to avoid any biased conclusion.

Introduction

The generation of stably-transfected cell lines is a common
and very important technology in the life sciences (1). It is

Correspondence to: Professor Chuanbin Guo, Department of Oral
and Maxillofacial Surgery, Peking University School and Hospital
of Stomatology, 22 Zhongguancun Avenue South, Haidian, Beijing
100081, P.R. China

E-mail: guodazuo@sina.com

Professor Yixiang Wang, Central Laboratory, Peking University
School and Hospital of Stomatology, 22 Zhongguancun Avenue
South, Haidian, Beijing 100081, P.R. China

E-mail: kqwangyx@bjmu.edu.cn

Key words: genome, genetic variation, transfection, gene transfer
techniques

commonly practiced in order to understand a specific gene's
function in the cells or organisms (2). In contrast to transient
expression, stable expression allows long-term and defined
investigation of the gene of interest (3). To date, considerable
achievements have been made using this technology (4-6);
researchers in the life sciences have gained significant insight
through the modification of the genetic code.

It is well known that phenotypic changes are a result
of multiple genetic interactions and are often complex.
Exogenous DNA could be inserted into genome through
transfection technology and exert its function after it is intro-
duced into a cell under selection stress, to finally generate the
stable modified cell lines with the desired characteristics (7).
However, the technique has its limitation due to the random-
ness of incorporation of exogenous gene and the possibility
of affecting other gene expression patterns (1), especially for
introducing exogenous DNA into cancer cells that already
have high genetic variance (8). Although the desired expres-
sion pattern is obtained in the stably transformed cancer cell
line, the characteristics of the stable cell line may not be in line
with the function of exogenous DNA.

In the present study, we provided evidence of the effect of
exogenous DNA stress on the required function of the trans-
formed cells. Overexpression plasmid containing exogenous
S100P gene (S100P) and knockdown plasmid containing
shRNA targeted to S1I00P sequence (shS100P) were trans-
fected into a human salivary adenoid cystic carcinoma (SACC)
cell line SACC-83. Then, the cell mobility and invasion ability
were detected and the results showed that the characteristics of
these SACC-83-derived stably transfected cell lines were not
governed by S100P expression. Therefore, we suspected that
genomic instability caused by exogenous DNA stress could
determine the required characteristics in SACC-83 based cell
lines.

Materials and methods

Construction of SIOOP overexpression plasmid and S100P
knockdown plasmid. Human S100P gene was generated from
SACC-LM cDNA by reverse transcription-polymerase chain
reaction using the following primers: forward primer
containing EcoRI restriction endonuclease site in the 5' end
(5'-TTGAATTCATGACGGAACTAGAGACAGCCATG-3")
and reverse primer with BamHI restriction endonuclease site
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in the 5' end (5-TTGGATCCTCATTTGAGTCCTGCCTT
CTCAAAG-3"). Restriction enzyme sites are underlined. The
PCR fragment was cut by EcoRI and BamHI, and then
subcloned into pCDNA3.1 vector to generate an expression
construct,pPCDNA-S100P. The identity of the coding sequence
for S100P in the pCDNA vector was confirmed by DNA
sequencing. The S100P gene-specific SiARNA expression
pRI-GFP/Neo-shS100P plasmid was constructed using
synthetic oligonucleotides cloned into pRI-GFP/Neo plasmid.
The sequence AATGGAGATGCCC AGGTGGAC is designed
for specific targeting of human S100P gene.

Cell cultures and establishment of stable cell lines. Human
SACC cell line SACC-83 was used for the establishment of
stably transfected SACC-83-derived cell lines through trans-
fection of pCDNA-S100P, pRI-GFP/Neo-shS100P, pCDNA3.1
plasmids, respectively. Briefly, SIO0P overexpression and
S100P knockdown plasmids were respectively transfected
into SACC-83 with the Lipofectamine 2000 according to the
manufacturer's instructions (Invitrogen, Carlsbad, CA, USA).
Stable cell lines derived from single colony were established
following selection with 1,000 xg/ml G418 (Sigma-Aldrich,
St. Louis, MO, USA), then evaluated by testing SI00P expres-
sion via real-time PCR and western blot analysis. Since empty
vectors pCDNA3.1 and pRI-GFP/Neo generated stably trans-
fected cell lines had the similar characteristics of migration
and invasion (data not shown), hereafter, only the pCDNA3.1
stably transfected cell line, named SACC-83-MOCK was used
as the mock control. SACC-83 and SACC-83-derived cell lines
(SACC-83-S100P, SACC-83-shS100P and SACC-83-MOCK)
were cultured in RPMI-1640 (Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS; Thermo
Fisher Scientific Inc., Waltham, MA, USA), 100 U/ml peni-
cillin and 100 pg/ml streptomycin (Gibco) and maintained in
a humidified incubator at 37°C with 5% CO, for the following
experiments.

Immunocytochemical staining. The S100P protein was
detected using a labeled streptavidin-biotin method after
antigen retrieval. The cells were cultured on the glass cover-
slips at 37°C in a humidified CO, incubator until they were
50-70% confluent. They were then fixed with 4% paraformal-
dehyde for 10 min and subjected to immunocytochemistry.
The glass coverlids were rinsed twice with PBS, and endog-
enous peroxidase was blocked by the use of 3% hydrogen
peroxide for 10 min. The samples were blocked with normal
goat serum for 30 min, incubated with anti-human anti-S100P
polyclonal antibody (Epitomics, Burlingame, CA, USA)
overnight at 4°C, followed by peroxidase-conjugated immu-
noglobulin for 30 min, developed for color with peroxidase
substrate 3,3'-diaminobenzidine (DAB), counterstained with
hematoxylin, and recorded using an Olympus DP Controller.

Quantitative PCR (gPCR) analysis. Total RNA was extracted
from SACC-83 or its derived cell lines using the TRIzol
reagent according to the manufacturer's instructions
(Invitrogen). Complementary DNA was reverse transcribed by
the use of 2.5 ug of RNA as template. gPCR was performed
using the ABI 7500 Real-Time PCR machine (Applied
Biosystems, Carlsbad, CA, USA) coupled with SYBR-Green
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chemistry (Roche Diagnostics, Indianapolis, IN, USA). All
PCR reactions were in 20 pl of total volume containing 10 pl
of SYBR-Green PCR Master Mix, 50 ng cDNA, 200 nM of the
following primer sets: SI00P (5-ATGACGGAACTAGAGAC
AGCC-3' and 5-AGGAAGCCTGGTAGCTCCTT-3"). The
housekeeping gene glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal control (5-ATGGGG
AAGGTGAAGGTCG-3' and 3-GGGGTCATTGATGGCAA
CAATA-5"). All amplifications were carried out in triplicate
for each sample and repeated three times. The thermal cycling
was 10 min at 95°C, followed by 40 cycles at 95°C for 15 sec,
at 60°C for 60 sec. The specificity of amplification was moni-
tored using the dissociation curve of the amplified products.
Relative expression of the target genes was calculated using
the 224¢ method.

Western blot analysis. Cells were harvested and lysed in
RIPA buffer with protease inhibitors (Roche Diagnostics).
Protein concentration was determined using the BCA Protein
Assay (Thermo Fisher Scientific) and 40 pg of protein
was loaded for each sample. Proteins were separated on an
SDS-polyacrylamide gel and transferred to a polyvinylidene
difluoride membrane. The membranes were blocked in 5%
non-fat dry milk for 1 h and probed with antibodies against
S100P, matrix metalloproteinase MMP1, MMP2, MMP3,
MMP9, MMP11, MMP13 and MMP14 and {-actin separately
at 4°C overnight. After incubation with peroxidase-linked
secondary antibodies, immunoreactive proteins were visual-
ized by ECL reagent (Applygen Technology, Inc., Beijing,
China).

Wound healing assay. Cell migration was assessed by wound
healing assay. Briefly, ~5x10° cells were cultured as confluent
monolayer, and wounded by scratching across the well with a
200 ul pipette tip. Then, the dishes were washed by D-Hanks
to remove the deciduous cells. Wounded monolayer was
photographed with a x10 objective lens at 0 and 24 h after
wounding. Wound healing was quantified by measurement of
the average linear speed of movement of the wound edges at
the indicated time points.

Transwell invasion assay. Cell invasion assays were performed
using Transwell chambers with a polycarbonate membrane
(Millipore, Bedford, MA, USA) coated with 40 ul diluted
matrix gel (BD Biosciences, San Jose, CA, USA). Cells were
trypsinized and seeded at 1x10° cells/well/0.1 ml serum-
free RPMI-1640 medium in the upper chambers; 0.5 ml of
RPMI-1640 medium supplemented with 20% FBS was added
into each lower chamber. At 24 h after incubation, cells on the
surface of the membrane were wiped off, and the membranes
were fixed with 95% ethanol and stained with 1% crystal violet
(Sigma-Aldrich). The invaded cells clinging to the bottom of
the membrane were photographed by light microscopy at x20
magnification (Olympus, Tokyo, Japan). The invaded cells were
calculated for the evaluation of invasion ability in each cell
line. All experiments were performed in triplicate and similar
results were obtained from three independent experiments.

Chromosome analysis. To investigate why the characteris-
tics of SACC-83-derived transfected cell lines were not in
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Figure 1. The identification of SACC-83-derived stably transfected cell lines with altered SI00P expression levels through (A) immunostaining, (B) real-time
PCR and (C) western blot assays. Amongst these cell lines, the SACC-83-S100P cell line expressed the highest level of SI00P. SACC-83-shS100P cell line
expressed the lowest SI00P level. The expression of SI00P in SACC-83-MOCK cells was somewhat lower than the parental cell line SACC-83, and a little bit
higher than SACC-83-shS100P at mRNA level, but no significant difference was found amongst these three cell lines. “P<0.01.

line with S100P expression levels, chromosome analysis
or karyotyping was performed to evaluate the number and
structure of the chromosomes. Briefly, SACC-83 cells were
cultured in nutrient-enriched media to promote cell divi-
sion. The chromosomes were then isolated from the nucleus
of the cells and placed on a slide for chromosome analysis.
The abnormalities of the chromosome were evaluated by a
genetics specialist.

Statistical analysis. The data are expressed as the means + SD
and compared by the one-way ANOVA test through SPSS
software, version 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

Establishment of SI00P overexpression or knockdown
SACC-83 cell lines. We successfully established an S1I00P
overexpression cell line (SACC-83-S100P), an S1I00P knock-
down cell line (SACC-83-shS100P) and a transfected empty
vector cell line (SACC-83-MOCK) using G418 selection
and single cell cloning method. The cell lines were identi-
fied by immunostaining, real-time PCR and western blot
assays. Immunostaining results showed that SI00P protein
was highly expressed in SACC-83-S100P, low expressed in
SACC-83-shS100P and had a similar expression level with
the parental cell line SACC-83 (Fig. 1A). Real-time PCR
results showed that the mRNA level of SIO0P was 1.00+0.001
in SACC-83, 8.44+0.16 in SACC-83-S100P, 0.46+0.001 in
SACC-83-shS100P. Compared with SACC-83, SACC-83-
S100P cells produced >8-fold higher levels of SIOOP mRNA;
SACC-83-shS100P cells yielded 54% lower levels of SIO0P
mRNA, while SACC-83-MOCK cells expressed comparable
levels of S1I00P (Fig. 1B). Western blot results showed that

S100P protein expression pattern was similar as its mRNA
expression pattern. SACC-83 expressed a very faint band;
SACC-S100P expressed the highest level of SIOOP protein
amongst the four cell lines; and SI0O0P protein was almost
undetectable in SACC-83-shS100P and SACC-83-MOCK cell
lines (Fig. 1C).

Migration and invasion ability of the SACC-83-derived
cell lines. After identification of S100P status in the stably
transfected SACC-83 cell lines, we next examined their
biological behavior. As SI0O0P was reported to be related to
cancer metastasis, we examined their migration and invasion
ability. Notably, both overexpression and knockdown of S100P
could stimulate the cell migration and invasion. The migration
speeds of SACC-83, SACC-83-S100P, SACC-83-shS100P and
SACC-83-MOCK were 11+1.56, 14.81+0.25, 22.93+2.17 and
19.71+1.58 pum/h, respectively (Fig. 2). The relative invaded
tumor cells of SACC-83, SACC-83-S100P, SACC-83-shS100P
and SACC-83-MOCK in Transwell assay were 1+0.30,
2.14+0.30, 2.32+0.27 and 2.92+0.32 (Fig. 3). The migration
and invasion abilities were not related to SI00P expression in
these cells. SACC-83-shS100P and SACC-83-MOCK with
lower levels of S1I00P had higher migration and invasion
ability compared to SACC-83-S100P. Moreover, SACC-83-
S100P, SACC-83-shS100P and SACC-83-MOCK had higher
migration and invasion ability compared with the parental cell
line SACC-83. The status of SIO0OP was neglected in these
stably transfected SACC-83 derived cell lines.

Exogenous DNA incorporation into genome alters the metas-
tasis-related gene expression pattern. To understand why
these SACC-83-derived cell lines represented the undesirable
biological abilities, we performed western blot analysis to
detect the changes of MMP family proteins that were reported
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Figure 2. Migration ability of the four cell lines was observed by wound healing assay and the measuring point was 0 and 24 h after wounding. Original magnifi-
cation, x10. The average migration speed (#m/h) was calculated by migration distance (bilateral) divided by 24. The SACC-83-shS100P and SACC-83-MOCK

exhibited stronger migration ability.

SACC-83-S100P

Figure 3. The invasion ability of the four cell lines was measured using the Transwell invasion assay. Original magnification, x20. The invaded cells were
shown on the bottom surface of the membrane 24 h post-inoculation. The results showed that SACC-83-shS100P and SACC-83-MOCK demonstrated stronger

invasion ability.
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Figure 4. The differential expression genes at the protein level in SACC-83
and its derived cell lines by western blot analysis. The SACC-83-shS100P cell
line expressed a higher level of MMP3, MMP9, MMPI11 and MMP14 than
SACC-83. The SACC-83-MOCK cell line expressed a higher level of MMP1,
MMP9, MMPI11 and MMP14 and a lower level of MMP2 than SACC-83.

to be required in the process of the migration and invasion of
SACC. As indicated in Fig. 4, the SACC-83-S100P cell line
expressed the highest MMP2 compared to the other cell lines.
The expression of MMP3, MMP9, MMPI11 and MMP14 in
the SACC-83-shS100P cell line was higher than in SACC-83.
Compared to the parental cell line SACC-83, the SACC-83-
MOCK cell line expressed higher level of MMP1, MMP9,
MMP11 and MMP14 and lower level of MMP2. The results
indicated that different molecular changes caused by the
random incorporation of exogenous DNA into chromosome
led to the same consequence, that is, the required migration
and invasion abilities were greater in the stably transfected cell
lines than in SACC-83.

Chromosome analysis. To investigate why random incorpora-
tion of exogenous DNA into genome generated unexpected
results, we performed chromosome analysis. The results
showed that SACC-83 contained hypotetraploid karyotyping
with 88+2 chromosomes. Most chromosomes presented the
abnormal morphology with high variance (Fig. 5). This result
indicated that we should be cautious when editing a genome in
cancer cells with high variance.
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Figure 5. Chromosome analysis of SACC-83 cells. The genome of SACC-83
presents hypotetraploid karyotyping with high variance.

Discussion

Cancer biology is a major part of the life sciences, and trans-
fection is very useful technology to investigate the gene's
function in a cancer cell. In general, we only pick up the desired
stably-transfected cell lines to perform the experiments and
explain the expected outcomes. Everything is investigated
under the pre-set conditions within our knowledge, however,
something may be important, but neglected owing to this orien-
tation. In order to avoid drawing any biased conclusion derived
from the stably-transfected cancer cell lines, we performed the
present study using stably SI00P overexpressed and knocked
down SACC-83 cells as our example to demonstrate the effect
of exogenous DNA stress on the required function of the
transformed cells already containing high genome variance.
The reason why we selected this gene is that S1I00P is found
to be differentially expressed in the homologous but different
lung metastatic ability cell lines, SACC-83 and SACC-LM,
in our previous study (9). SIOOP has been reported to serve
many important functions in diverse origins of cancer, such
as stimulation proliferation, survival, motility and invasive-
ness (10-13).

After we established and identified the stable cell lines,
we first analyzed their biological behaviors, and found that
S100P expression level did not govern the mobility and inva-
sion abilities of the stably transfected SACC-83 cell lines;
both overexpressed and knocked down S100P cell lines had
higher mobility and invasion abilities than the parental cell
line SACC-83. Moreover, the mock-transfected cell line
SACC-83-MOCK had the greatest invasion abilities amongst
SACC-83-S100P, SACC-83-shS100P, SACC-83-MOCK
and SACC-83 cell lines. The knockdown cell line SACC-
83-shS100P had the highest mortality ability. The convoluted
results led us to investigate the underlying mechanism. It is
well known that cell behavior is influenced by the interaction
of molecules within the cell, and MMPs play a crucial role in
the extracellular matrix breakdown process of cancer metas-
tasis (14). MMPs are a family of enzymes with the ability to
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degrade all types of extracellular matrix. Previous studies
showed that the function of SIOOP was associated with the
MMP family (15). Thus, we investigated some typical mole-
cules in MMP families. Results analysis showed that different
MMP molecules exhibited different expression abundance in
these SACC cell lines, such as MMP1 in SACC-83-MOCK,
MMP2 in SACC-83-S100P and MMP9 in SACC-83-shS100P
were highly expressed, respectively. Moreover, the biological
behaviors of the four SACC cell lines were supported by
the expression pattern of MMPs but not by those of S100P.
However, their invasion and migration abilities were confirmed
to be caused by different molecular mechanism, which may be
due to the exogenous DNA random incorporation.

Next, we examined the karyotyping of the parental cell line
SACC-83 and tried to find the explanation. The result showed
that the genome of SACC-83 had high genetic variance. We
speculated that a cancer cell with high genetic variance plus the
exogenous DNA random incorporation transfection may cause
the gene expression pattern change in the present study, which
was supported by previous studies (16,17). Thus, although the
stably transfected SACC cell lines exhibited the high or low
expression of target gene S1I00P, the motility and invasiveness
of the four SACC cells were not governed by S100P expres-
sion level, and were not consistent with the previous reports
on S100P function during cancer metastasis (18). The random
insertion of exogenous gene in a cell with high genetic variance
may be the major reason for this unexpected phenomenon.
Studies regarding stable transfection exogenous DNA into a
cancer cell should consider the status of the genetic variance
in the targeted cancer cells in order to avoid any potential bias
and unreliable conclusions derived from the stably transfected
cancer lines.

In addition, given that virus infection is a common inducer
for certain types of cancer characteristics of the tumor cells,
it may be a result of an exogenous random insertion to the
chromosome, thus leading to genetic variance and the shift in
gene expression profile of cancer cells.

In conclusion, although the establishment of stably trans-
fected cancer cell lines is a common method to investigate the
function of a target gene, the status of genetic variance in a
cancer cell should be considered in order to avoid any potential
unreliable conclusion.
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