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ABSTRACT
The acidic extracellular microenvironment, namely acidosis, is a biochemical hallmark of solid tumors.
However, the tumorigenicity, metastatic potential, gene expression profile and chromatin accessibility
of acidosis-adapted colorectal cancer cells remain unknown. The colorectal cancer cell SW620 was
cultured in acidic medium (pH 6.5) for more than 3 months to be acidosis-adapted (SW620-AA). In
comparison to parental cells, SW620-AA cells exhibit enhanced tumorigenicity and liver metastatic
potential in vivo. Following mRNA and lncRNA expression profiling, we validated that OLMF1, NFIB,
SMAD9, DGKB are upregulated, while SESN2,MAP1B, UTRN, PCDH19, IL18, LMO2, CNKSR3, GXYLT2 are
downregulated in SW620-AA cells. The differentially expressed mRNAs were significantly enriched in
DNA remodeling-associated pathways including HDACs deacetylate histones, SIRT1 pathway, DNA
methylation, DNA bending complex, and RNA polymerase 1 chain elongation. Finally, chromatin
accessibility evaluation by ATAC-sequencing revealed that the differentially opened peaks were
enriched in pathways such as small cell lung cancer, pathways in cancer, ErbB signaling, endometrial
cancer, and chronic myeloid leukemia, which were mainly distributed in intergenic regions and
introns. These results suggest that the chromatin accessibility changes are correlated with enhanced
growth and liver metastasis capacity of acid-adapted colorectal cancer cells.
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Introduction

Colorectal cancer (CRC) is the third most common
cancer and the fourth leading cause of tumor asso-
ciated death in the world [1]. The five-year survival
rate of CRC patients remains about 50%. The major-
ity of CRC-related death is caused by distant metas-
tasis, and the five-year survival rate of patients with
distant metastasis reduces to 10–20% [1]. Liver is the
most common target organ of CRC metastasis.
Accumulating evidence proved that tumor microen-
vironment plays a critical role in the development
and progression of tumors [2]. The aerobic glycolysis
and poor vasculature makes the extracellular fluid of
solid tumors acidic, with the pH value of the extra-
cellular fluid dropping from 7.2–7.4 in the physiolo-
gical state to 6.2–6.9 in solid tumors [2,3]. The acidic
extracellular microenvironment, namely acidosis, is

a biochemical hallmark of cancer [4]. At present,
acidosis contributes to the genetic instability of
tumor cells and profoundly changes their transcrip-
tomic profiles, leading to phenotypes that are parti-
cularly suitable for survival, growth, and even
metastasis in the acidic environment [5].

Both the acute effect and chronic effect of acidosis
on tumor biology has been revealed by recent works.
Acidic priming for a short time can enhance meta-
static potential of rat prostate cancer cells [6] and
melanoma cells [7,8]. Acute acidosis exposure has
also been reported to promote evasion of apoptosis
of lymphoma cells [9], induce autophagy of breast
cancer cells [10], and enhance invasion of CRC cells
[11]. In addition, acute acidosis exposure can promote
the stemness of glioma cells in vitro, and facilitate
tumor growth in orthotopic transplantation model
[12]. Chronic acidosis elicits a selection pressure for

CONTACT Song He hedoctor65@sina.com

*These authors contribute equally to the present study.
Supplemental data for this article can be accessed here.

CELL CYCLE
2019, VOL. 18, NO. 4, 511–522
https://doi.org/10.1080/15384101.2019.1578145

© 2019 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0002-8582-8012
https://doi.org/10.1080/15384101.2019.1578145
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/15384101.2019.1578145&domain=pdf


cancer cell somatic evolution in a Darwinian manner.
Estrella and colleagues found that the regions of high-
est tumor invasion correspond to most acidic areas
using intravital microscopy [13]. Although the prolif-
eration of breast cancer cells is inhibited by acute
acidic exposure, acid-adapted breast cancer cells
restore their proliferative capacitywith elevated autop-
hagy [10]. Consistently, the acid-adapted cervical can-
cer SiHa cells, pharynx cancer FaDu cells and CRC
HCT116 cells grew at the same rate under acidic
environment as their parental cells do in normal med-
ium, but these acid-adapted cells prefer glutamine
metabolism [14]. One recent work by the same
group show that themitochondrial proteins are hyper-
acetylated in these acid-adapted cells due to
a metabolism shift from glucose metabolism to fatty
acid catabolism [15]. The acidic-adapted pancreatic
cancer cells also tend to take advantage of glutamine
to fuel the respiration [16]. Furthermore, it has been
reported that the acid-adapted breast cancer cells grow
faster in vivo and exhibit invasive phenotype [17].

Although we have previously demonstrated that
acute acidosis enhanced the invasion of CRC cells,
the tumorigenicity, metastatic capacity, gene expres-
sion profile and chromatin accessibility of acid-
adapted CRC cells have yet to be explored. In the
present study, CRC cells were cultured in acidic med-
ium (pH 6.5) for more than 3 months to be acidosis-
adapted. We found that acid-adapted SW620 cells
(SW620-AA) cells exhibit enhanced tumorigenicity
and metastatic potential in vivo. The mRNA and
lncRNA expression profiling showed that the differ-
entially expressed mRNAs in SW620-AA cells were
mainly enriched in DNA remodeling-associated path-
ways. Following gene expression profiling, we vali-
dated that MARCKS, VEPH1, LPHN2, OLMF1,
NFIB, SMAD9, DGKB are upregulated, while
PTHLH, SESN2, CD24, MAP1B, CALB, ITPR2,
GRB10, UTRN, PCDH19, IL18, ATF3, CCL20,
LMO2, ENC1, CNKSR3, GXYLT2 are downregulated
in SW620-AA cells. Finally, chromatin accessibility of
SW620-AA cells was evaluated by ATAC-seq. The
results revealed that the differentially opened peaks,
which were mainly distributed in intergenic regions
and introns, were enriched in pathways such as small
cell lung cancer, pathways in cancer, ErbB signaling.
All together, these results suggest that the enhanced
growth and liver metastasis capacity of SW620-AA
cells correlates with chromatin accessibility changes.

Results

Enhanced growth of acid-adapted SW620 cells
in vivo

The SW620 cells were cultured in acidic medium
(pH 6.5) for more than three months to be acid-
adapted. The acid-adapted and none-adapted
SW620 cells were respectively named as SW620-
AA and SW620-NA. In line with a previous
study [18], we failed to get acid-adapted SW480
cells as SW480 proliferates very slowly under
acidic environment. As shown in Figure 1(a),
SW620-NA cells presented with spindle-shaped
adherent growth, while the SW620-AA cells pre-
sented with elongated spindle shape. To evaluate
the tumorigenicity of SW620-AA and SW620-
NA cells, both of them were subcutaneously
transplanted to nude mice. The images of the
tumors were shown in Figure 1(b). The tumors
originated from SW620-AA cells were signifi-
cantly heavier than those from SW620-NA cells
(Figure 1(c)). The growth curve of the tumors
showed that the SW620-AA originated tumors
grown faster than SW620-NA originated tumors
(Figure 1(d)). The Ki67 and CA9 were respec-
tively applied to reflect the proliferation index
and the acidic environment in the tumors in
IHC staining [19]. Although the CA9-positive
acidic areas in SW620-AA originated tumors
were larger than SW620-AA originated tumors
(Figure 1(e), left panel), the proliferation index
was higher in SW620-AA originated tumors
(Figure 1(e), right panel). These results reveal
that the tumorigenicity of SW620-AA cells was
dramatically enhanced compared with SW620-
NA cells.

Increased invasion and liver metastasis capacity
of acid-adapted SW620 cells

As the morphological change of SW620-AA cells
shown in Figure 1(a) implied that these cells
might have more invasive and metastatic poten-
tial. We then evaluated the invasion capacity in
the Transwell invasion assay and the metastasis
capacity in the spleen-xenografted model.
Representative images of the liver metastatic foci
were showed in Figure 2(a). The metastatic foci
from both SW620-AA cells and SW620-NA cells

512 Z.-H. ZHOU ET AL.



contain typical necrotic lesions without stromal
response. The SW620-AA cells resulted in more
liver metastatic foci than SW620-NA cells (Figure

2(b)). Consistently, the SW620-AA cells exhibited
stronger invasion capacity in the cell invasion
assay (Figure 2(c)). These results demonstrated

Figure 1. Enhanced growth of acid-adapted SW620 cells in vivo (a) The morphology of SW620-NA and SW620-AA cells. (b) The
images of subcutaneous xenografts originated from SW620-NA and SW620-AA cells. (c) Comparison of tumor weight between
SW620-NA and SW620-AA group using student’s t-test. (d) Tumor growth curves of SW620-NA and SW620-AA group. (e)
Representative images showing immunohistochemical staining of Ki67 and CA9 in xenografts. Scale bar: 50μm if not indicated. *,
<0.05; **,<0.01.

Figure 2. Increased invasion and liver metastasis of acid-adapted SW620 cells (a) Representative images showing the liver metastatic
foci from SW620-NA and SW620-AA group. (b) Analysis of the number of metastatic foci by student,s t-test. (c) Representative image
showing the invaded cells. (d) Analysis of the number of cells per fied by student,s t-test. *, <0.05;**,<0.01.
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that the SW620-AA cells exhibited stronger inva-
sion and metastasis capacity than SW620-NA
cells.

The differentially expressed mRNAs in
acid-adapted SW620 cells are associated with
DNA remodeling

To explore the molecular difference between
SW620-AA and SW620-NA cells, the mRNA and
lncRNA expression profile was determined by the
mRNA+lncRNA expression microarray. There were
1389 mRNAs that were up-regulated and 1650
mRNAs that were down-regulated in SW620-AA
cells (Figure 3(a)). The expression of the top 23
deregulated mRNAs which are associated with
tumor biology (PTHLH, SESN2, CD24, MAP1B,
CALB, ITPR2, GRB10, UTRN, PCDH19, IL18,
ATF3, CCL20, LMO2, ENC1, CNKSR3, GXYLT2,

MARCKS, VEPH1, LPHN2, OLMF1, NFIB,
SMAD9, DGKB) was further validated with RT-
PCR. Twenty-two mRNAs were validated to have
the same change trend with the microarray results
among the 23 mRNAs with MARCKS as the only
exception (Figure 3(b)). Disease enrichment analysis
showed that the significant differentially expressed
mRNAs were associated with solid tumors such as
prostate cancer, stomach cancer, hepatocellular car-
cinoma and adenocarcinoma (Figure 3(c)). These
mRNAs were then subjected to KOBAS analysis.
Moreover, the top15 significant enriched GO terms
included DNA bending complex, nucleosome, DNA
replication−dependent nucleosome organization,
DNA replication−dependent nucleosome assembly,
DNA packaging complex, DNA methylation on
cytosine (Figure 3(d)). The top15 significant
enriched pathway terms included RMTs methylate
histone arginines, HDACs deacetylate histones,

Figure 3. Gene expression profiling of acid-adapted SW620 cells (a) Volcano plot showing the gene expression profile of SW620-NA
and SW620-AA cells. (b) Validation of the differential expression genes in SW620-NA and SW620-AA cells by RT-PCR. (c) David
disease enrichment analysis of the differential genes. (d) The top 15 significant enriched Go terms of the differential genes. (e) The
top 15 significant enriched Pathway terms of the differential genes.
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HDMs demethylate histones, SIRT1 negatively reg-
ulates rRNA Expression, RNA Polymerase
I Promoter Opening, DNA methylation, PRC2
methylates histones and DNA, Condensation of
Prophase Chromosomes, RNA Polymerase I Chain
Elongation (Figure 3(e)). Hierarchical analysis
showed that the differentially expressed mRNAs
were enriched in development process and DNA
confirmation changes (Figure 4). These results
demonstrated that the differentially expressed
mRNAs between SW620-AA cells and SW620-NA
cells are associated with remodeling of DNA
structure.

Target prediction of deregulated mRNA/lncRNA
pairs in acid-adapted SW620 cells

The lncRNA expression profile showed that 5564
up-regulated lncRNAs and 2344 down-regulated
lncRNAs in SW620-AA cells (Figure 5(a)). The
significant correlated mRNA/lncRNA pairs were
screened with the criterion: correlation coefficient
larger than 0.99 or smaller than −0.99. The signif-
icantly correlated mRNA/lncRNA pairs among
which the mRNAs were validated by RT-PCR as
mentioned above were shown in Figure 5(b). The
significant correlated mRNA/lncRNA pairs were
then subjected to target prediction. Target predic-
tion was carried out by cis-prediction and trans-

prediction. Cis-prediction aims to screen mRNA/
lncRNA pairs whose genomic location interval was
less than 10kb. Trans-prediction aims to screen
mRNA/lncRNA pairs which have similar
sequence. The top 20 predicted mRNA/lncRNA
pairs in which the mRNA might be the target of
the lncRNA according to the fold change of
mRNA were listed in Figure 5(c). These results
reveal that the lncRNA expression profile of
SW620-AA cells was also remarkably different
from SW620-NA cells and provide the potential
targets of deregulated lncRNAs.

Chromatin accessibility changes of acid-adapted
SW620 cells

As mentioned in Figure 3, the deregulated mRNAs
between SW620-AA and SW620-NA cells were asso-
ciated with remodeling of DNA structure. Chromatin
accessibility, or the genome-wide accounting of loci
accessible for transcription factor binding, has been
identified as perhaps the singlemost relevant genomic
characteristic correlated with biological activity at
a specific locus [20]. Assay for transposase accessible
chromatin-sequencing (ATAC-seq) is a novel techni-
que to efficiently map the chromatin accessibility gen-
ome-wide using Tn5 transposase [21]. The SW620-
AA and SW620-NA cells were subsequently subjected
to ATAC-seq. There are 10,671 peaks detected only in

Figure 4. Hierarchical analysis of the differentially expressed mRNAs Hierarchical analysis showed that the differentially expressed
mRNAs were significantly enriched in developmental process (a) and DNA conformation changes (b).
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SW620-AA cells, 22,681 peaks detected only in
SW620-NA cells, and 5005 common peaks in both
cells. In consistencewith themRNAexpression profile
results, the upregulated DGKB gene region was only
opened in SW620-AA cells, and the downregulated
PCDH19, CNKSR3, GXYLT2, IL8, UTRN gene
regions were closed in SW620-AA cells (Figure 6(a)).
The differentially opened peaks were mainly distrib-
uted in intergenic regions and introns (Figure 6(b)).
Homer known motif enrichment for detected peaks
showed that the peaks unique for SW620-AA cells
might bind with NFY, Sp-1, Jun-AP1, and Fosl tran-
scription factors (Figure 6(c)), while the peaks unique
for SW620-NA cells might bind with Bach2, CTCF,
Jun-AP1, and Fosl transcription factors (Figure 6(d)).
The genes which are associated with SW620-AA-
specific peaks were mainly enriched in pathways
such as tight junction, regulation of actin cytoskeleton,
MAPK signaling pathway, ECM-receptor interaction,

calcium signaling pathway (Figure 7(a)). On the other
hand, the genes which are associated with SW620-NA
-specific peaksweremainly enriched in pathways such
as small cell lung cancer, phosphatidylinositol signal-
ing system, pathways in cancer, and ErbB signaling
pathway (Figure 7(b)). Taken together, these results
reveal the remarkable changes in chromatin accessi-
bility between SW620-AA and SW620-NA cells.

Discussion

Acidosis, a biochemical hallmark of solid tumors,
plays essential role in tumor progression. The
effects of acidosis on solid tumors can be sum-
marized as follows: 1) promoting cell invasion
and metastasis; 2) inducing autophagy and redu-
cing apoptosis; 3) leading to metabolism shift; 4)
enhancing angiogenesis [22,23]; 5) favoring
escape from immune surveillance; 6) stimulating

Figure 5. Target prediction of deregulated mRNA/lncRNA pairs in acid-adapted SW620 cells (a) Volcano plot showing the lncRNA
expression profile in SW620-NA and SW620-AA cells. (b) The significantly correlated mRNA/lncRNA pairs among which the mRNAs
were validated by RT-PCR to be dramatically deregulated. (c) The top 20 predicted mRNA/lncRNA pairs in which the mRNA might be
the target of the lncRNA according to the fold change of mRNA.
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resistance to radiotherapy or chemotherapy [24].
Moreover, the acidic environment of solid tumors
has recently been proposed to provide a niche for
dormant cells based on these features [24]. The
present study showed that the acid-adapted
SW620 cells have stronger tumorigenicity in sub-
cutaneous transplantation model, which is con-
sistent with a previous study showing that the
acid adapted breast cancer cells grow faster
in vivo [17]. In addition to higher proliferating

index, the SW620-AA-originated tumors showed
high expression of CA9, reflecting more acidic
areas in these tumors. It is reasonable to conclude
that the SW620-AA cells are resistant to acidic
environment in vivo. We then found that these
acid-adapted cells form more liver metastatic foci
than non-adapted cells using a spleen-
xenografted model.

Following gene expression profiling, we validated
that MARCKS, VEPH1, LPHN2, OLMF1, NFIB,

Figure 6. Chromatin accessibility changes of acid-adapted SW620 cells The SW620-NA and SW620-AA cells were subjected to ATAC-
seq. The differential peaks were then analyzed. (a) The upregulated DGKB gene region is only opened in SW620-AA cells, and the
downregulated PCDH19, CNKSR3, GXYLT2, IL8, UTRN gene regions were closed in SW620-AA cells. (b) Distribution of peaks only
opened in SW620-AA cells, only opened in SW620-AA cells, and the peaks without changes. (c) Homer known motif enrichment for
peaks detected in SW620-AA cells. The top 10 enriched transcription factors were listed. (d) Homer known motif enrichment for
peaks detected in SW620-NA cells. The top 10 enriched transcription factors were listed.
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SMAD9, DGKB are upregulated, while PTHLH,
SESN2, CD24, MAP1B, CALB, ITPR2, GRB10,
UTRN, PCDH19, IL18, ATF3, CCL20, LMO2,
ENC1, CNKSR3, GXYLT2 are downregulated in
SW620-AA cells. Among the upregulated genes,
LPHN2 has been implied to induce cisplatin resis-
tance in gastrointestinal cancer [25]. The nuclear
factor NFIB promotes metastasis of small cell lung
cancer by inducing chromatin accessibility changes
[20,26]. Among the repressed genes, LMO2 is sig-
nificantly downregulated in CRC and breast cancer
tissues, which inhibits cell proliferation and induces
apoptosis through Wnt signaling [27]. SESN2,
a conserved antioxidant protein, is also downregu-
lated in CRC tissues. Overexpression of SESN2
inhibited cell proliferation through AMPK/
mTORC1 pathway [28]. Moreover, GRB10 has
been reported to inhibit growth of hepatocellular
carcinoma by repressing the function of GPC3 [29].
The expression of PCDH19, a member of the pro-
tocadherin family, is reduced in hepatocellular car-
cinoma tissues due to promoter hypermethylation
[30]. High expression of PCDH19 correlates with
favorable prognosis [30]. In addition, high expres-
sion of CNKSR3 associates with longer survival
time of patients with melanoma [31]. Moreover,
we found that the lncRNA expression profile is
significantly altered in SW620-AA cells. The exact
role and underlying molecular mechanisms of these
genes in the development and progression of CRC
should be further demonstrated in the future work.
We then found that these differentially expressed

mRNAs are remarkably enriched in DNA remodel-
ing-associated pathways, which tempted us to
detect the chromatin accessibility by ATAC-seq.
The results showed that the DGKB gene region is
specifically opened in SW620-AA cells, and the
gene regions of PCDH19, CNKSR3, GXYLT2,
IL18, and UTRN are only opened in SW620-NA
cells. The differentially opened peaks were mainly
distributed in intergenic regions and introns, imply-
ing that epigenetic mechanisms might be involved
in the gene expression changes. One main limita-
tion of ATAC-seq analysis is how to determine the
chromatin accessibility when one gene region con-
tains some opened regions as well as some closed
regions. It should be also noted that two unique
peaks may reflect the same gene because one gene
region may contain many detected peaks. As
a result of these reasons, we found only 705
mRNAs that change as the way their chromatin
accessibility does (data not shown).

Finally, the high tumor selectivity of acidosis com-
pared with healthy tissues which are neutral reminds
us that targeting acidosis will be safer than conven-
tional chemotherapy and universal to many kinds of
cancers [2]. The results of one recent randomized
clinical study were encouraging, showing that bicar-
bonate markedly enhanced the anticancer activity of
transarterial chemoembolization for large hepatocel-
lular carcinoma [32]. This clinical research showed us
that targeting the acidic environment might be
a promising therapeutic method for cancer therapy.
In our opinion, there are currently four strategies to

Figure 7. Pathway Enrichment for detected peaks (a) Pathway enrichment for the peaks opened only in SW620-AA cells. (b) Pathway
enrichment for peaks opened only in SW620-NA cells.
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target acidosis for cancer therapy: 1) interfering the
pH-regulating system; 2) buffering the acidic environ-
ment with alkaline solution; 3) disturbing the proton-
sensing system; 4) developing pH-sensing drugs. All
together, the present study suggests that the chromatin
accessibility changes are correlated with enhanced
growth and liver metastasis capacity of acid-adapted
CRC cells.

Materials and methods

Cell culture

The human CRC cell line SW480 and SW620 was
obtained from the American Type Culture
Collection. The SW480 originates from the primary
CRC, and the SW620 originates from the lymph
node metastatic foci of the same patient. The cells
were maintained in Dulbecco’s Modified Eagle
Medium (DMEM; Gibco, Carlsbad, CA), supple-
mented with 10% fetal bovine serum (FBS; Gibco,
Carlsbad, CA), 2 U/mL penicillin-streptomycin, vita-
mins, 1 mmol/L sodium pyruvate, 2 mmol/LL-
glutamine, and nonessential amino acids (Thermo
Scientific, Watertown, MA) at 37℃ in 5% CO2. The
medium was further supplemented with 25Mm
HEPES and PIPES (Solarbio, Beijing, China) and
the pH was adjusted to 6.5. Both SW480 and
SW620 cells were cultured in the acidic medium for
more than three months to be acid-adapted.

RNA extraction and RT-PCR

Total RNA was extracted from cultured cells with
Trizol Reagent (TaKaRa, Dalian, China). The con-
centration and integrity of extracted RNA was
examined by UV spectrophotometer. The High
Fidelity RNA PCR Kit and SYBR Primescript RT-
PCR Kit were purchased from TaKaRa Biotech
(Dalian, China). Primers for quantitative PCR
were designed using Primer Premier 5.0 software
according to the sequence data in the GeneBank.
The primers used in this study were listed in
Supplementary table 1. The results of three inde-
pendent experiments were analyzed using the
ΔΔC[t] method [33].

LncRNA and mRNA microarray analysis

Total RNAs were isolated from cells using Trizol
reagent (TaKaRa, China) and quantified by
Nanodrop 2000 spectrophotometer and Qubit
3.0 fluorometer (Termo Scientific, USA). Their
quality was also evaluated using Agilent 2100
Bioanalyzer and all RNA samples had RNA integ-
rity numbers ≥8. The samples were then labeled
with cy3 and hybridized to Capitalbio Agilent
LncRNA + mRNA Human Gene Expression
Microarray V4.0 microarray (CapitalBio, China).
The differentially expressed mRNAs and
lncRNAs were identified using GeneSpring soft-
ware version 13.0 (Agilent, CA) after expression
data of mRNAs and lncRNAs were filtered and
normalized. The functional enrichment analysis
was carried out using the KEGG Orthology Based
Annotation System (KOBASS). In order to pre-
dict the potential regulatory effects of differen-
tially expressed lncRNAs on mRNAs, an lncRNA-
mRNA co-expression network was conducted by
bioinformatics analysis.

Atac-seq assay

Assay for transposase accessible chromatin
(ATAC) followed by sequencing was performed
as following [20].1 × 105 cells were collected and
centrifuged. The cell pellets were resuspended in
50 mL of lysis buffer (Tris HCl 10mM, NaCl
10mM, MgCl2 3mM, Igepal 0,1%) and centri-
fuged for 25 min at 4°C. Nuclei were resuspended
in 50 mL of reaction buffer (Tn5 transposase
2.5 mL, TD buffer 22.5 mL and 25 mL H2O –
Nextera DNA sample preparation kit, Illumina)
for 30 min at 37°C. DNA was purified using the
MinElute purification kit (QIAGEN). Peaks were
called on the merged set of all ex vivo ATAC-seq
reads using MACS2 and filtered to remove puta-
tive copy number altered regions. Differential
accessibility was assessed using DESeq2. Regions
were called differentially accessible if the absolute
value of the log2 fold change was 0.5 at an FDR
<0.1. Peak-related genes were then subjected to
KEGG and GO annotation, and Homer-motif
analysis.
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Cell invasion assay

The invasion of SW620 cells was evaluated in
transwells (BD Falcon, Franklin Lakes, NJ).
2 × 104 cells were seeded into MatrigelTM (BD
Biosciences, Franklin Lakes, NJ)-coated upper
chambers. After incubation for 24 hours at 37°C,
the remaining cells left in the upper chamber were
removed and the cells in the lower chambers were
fixed and stained with crystal violet. The number
of cells was counted in 5 distinct areas at ×400
magnification. The results represent the average
cell number in 3 wells per cell line.

Animal models

All animal experiments were performed in accor-
dance with Institutional Animal Care and Use
Committee approved protocols. To evaluate the
in vivo tumorigenic effects, 2.5 × 105 SW620 cells
were suspended in serum-free-DMEM/Matrigel
mixture (1:1 volume) and injected subcutaneously
into the back of BALB/c nude mice. After 4 wk,
mice were euthanized, and xenografts were har-
vested and weighed. For in vivo liver metastasis
assay, 1 × 106 cells suspended in 50μL serum-free-
DMEM/Matrigel mixture (1:1 volume) were
injected into the distal tip of the spleen. The ani-
mals were euthanized after 4 wk, and the livers
were dissected out and fixed with formalin for
pathological examination. Sections (5-μm thick-
ness) of the livers were made at 10 different layers
to cover the entire organ and stained with hema-
toxylin and eosin (H&E). Metastatic nodules were
counted under microscopy in a double-blinded
manner.

Immunohistochemical staining

The procedure was described previously [34].
Following deparaffinization and rehydration,
tumor sections of 4 μm were incubated in 0.3%
H2O2 in methanol for 30 minutes at 37°C to
block endogenous peroxidase. The sections
were then boiled in 10 mmol/L citrate buffer
(pH 6.0) for 15 minutes in a microwave oven.
The antibodies against CA9 or Ki-67 (MXB
Biotechnologies, China) were added, and the
sections were incubated at 4°C overnight. The

sections were visualized using the diaminoben-
zidine solution (MXB Biotechnologies, China)
and were then lightly counterstained with hema-
toxylin. Sections without incubation with pri-
mary antibody served as negative controls. The
results were verified by two histopathologists
independently.

Statistical analysis

All experiments were conducted at least three
times and the results were from representative
experiments. Data were expressed as mean values
±standard deviation (SD), and the statistical sig-
nificance between testing and control groups was
analyzed with SPSS18.0 statistical software. When
two groups were compared, the unpaired Student,

s t-test was used. P value less than 0.05 was con-
sidered statistically significant.
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