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CELLULAR AND MOLECULAR BIOLOGY
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Background: CD164 (Endolyn) is a sialomucin, which has been
found to play roles in regulating proliferation, adhesion, and
differentiation of hematopoietic stem cells. Possible association
of CD164 with solid cancer development remains unknown.
Methods and Results: We first studied CD164 expression in
biopsies from colorectal cancer, breast, and ovary cancer
patients by semi-quantitative immunohistochemistry, and
found that CD164 was strongly expressed in all the colorectal
cancer samples compared to the matching normal colon
tissues. The possible roles of CD164 in colon cancer
development were further investigated using a
well-established human colon cancer cell line HCT116. We
found that knockdown of CD164 expression in HCT116 cells
significantly inhibited cell proliferation, mobility, and
metastasis in vitro and in vivo. The knockdown of CD164
expression was associated with decreased chemokine receptor
CXCR4 expression HCT116 cell surface and
immunoprecipitation studies showed that CD164 formed
complexes with CXCR4.
Conclusions: CD164 is highly expressed in the colon cancer
sites, and it promotes HCT116 colon cancer cell proliferation
and metastasis both in vitro and in vivo, and the effects may act
through regulating CXCR4 signaling pathway. Therefore,
CD164 may be a new target for diagnosis and treatment for
colon cancer.

Keywords CD164; Colon cancer; CXCR4; Metastasis.

INTRODUCTION

CD164 (MGC-24v or endolyn) is a member of the sialomucin
family a mucin containing sialic acid, which is highly con-
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served in human and other species (1–4). CD164 was first
identified in CD34+ human hematopoietic progenitor cells
and bone marrow stromal reticular cells (2, 5, 6). CD164
has been implicated in adhesion, proliferation, and differen-
tiation of hematopoietic stem and progenitor cells (5, 7), it
was suggested to mediate the adhesion of CD34+ hematopoi-
etic progenitor cells to bone marrow stromal cells and SDF-
1 induced binding to bone marrow endothelial cell (2, 8.9).
CD164 are thought to regulate hematopoiesis by facilitating
the adhesion of human CD34+ cells to bone marrow stroma
(10). Knocking down CD164 expression in Drosophila S2
cells increased the cell apoptosis rate (1). Little is known
about the relationship between CD164 and solid tumor de-
velopment till Havens et al. reported that CD164 may par-
ticipate in mediating prostate cancer bone metastasis in 2006
(11). Continuous exposure to an environment of high Zn2+

can lead to the upregulation of CD164 in prostate cancer cells,
CD164 is considered to be a cancer promoting gene (12). Re-
cently, CD164 has also been recognized as a potential diag-
nostic marker for acute lymphoblastic leukemia and allergy
(13, 14).

Cancer metastasis is a complex process in which malig-
nant cells break away from primary tumor, attach to the de-
graded proteins from the surrounding extracellular matrix
and migrate to other locations via the bloodstream or the
lymphatic system. The tumor cell proliferation, adhesion,
and migration are involved and tightly regulated during tu-
mor metastasis process. The relationship of CD164 and can-
cer development especially metastasis remains unexplored.
In this study, we have investigated the expression of CD164
in human colon cancers and used a well-established human
colon cancer cell line HCT116 to evaluation the roles of
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CD164 in Colon Cancer 

CD164 in cancer cell proliferation and migration (metastasis)
in vitro and in vivo. We also explored the possible underlin-
ing mechanisms of CD164 in colon cancer development.

MATERIALS AND METHODS

Immunohistochemistry on human colon and other cancer
specimens
Twenty (20) biopsies from colorectal cancer patients, 5 sam-
ples from breast cancer patients and 5 samples from ovary
cancer patients were obtained with patient’s consent follow-
ing excision of the cancers. The specimens were coded and
fixed in 10% buffered formalin pH 7.0 for 24 hr and then
embedded in paraffin wax. The 5-µm thick sections were
cut using a rotary microtome (Microm HM315, Walldorf,
Germany) and the sections were placed on the poly-L-lysine
(Sigma Chemical Co., Poole, UK) coated slides. For immuno-
histochemistry, sections were dewaxed in xylene and im-
mersed in graded ethanol and distilled water. Endogenous
peroxidase activity was inhibited by immersing the tissue sec-
tions in 0.3% hydrogen peroxidase for 20 min at room tem-
perature. The sections were subsequently rinsed in phosphate
buffer solution (PBS). The sections were then incubated with
purified rabbit anti-human CD164 antibody (1:100 ratio in
PBS) for 45 min at room temperature. Subsequently, the pri-
mary antibody was blotted and the tissues were rinsed with
PBS. The secondary purified goat anti-rabbit biotinglated an-
tibody (DAKO, Dorset, UK, 1:100 in PBS) was applied to
the sections, and incubated for 30 min at room tempera-
ture. Sections were rinsed in PBS and were then incubated
with Streptavidin-peroxidase (1:50 in PBS, DAKO, Dorset,
UK) for 30 min at room temperature. Diaminobenzidine
chromagen solution (0.5 mg/mL 2,4,2′,4′–tetrabiphenyl hy-
drochloride, Sigma Chemical Co., Poole, UK) in 0.1 m im-
idazole in PBS, containing 0.3% hydrogen peroxidase was
added to the sections, and incubated at room temperature
for 5 min. Following a brief rinse in distilled water the tis-
sue sections were counterstained in Gill’s No. 3 hematoxylin
(Sigma Chemical Co., Poole, UK) at a dilution of 1:3 for
5 min, rinsed in distilled water and dehydrated through a
series of graded ethanol solutions to xylene, mounted in
DPX and examined by light microscopy. Primary antibody
was omitted as a negative control for the immunostaining
method.

Plasmids
The lentivirus packaging plasmids pLP1, pLP2, and
pLP/VSVG were bought from Invitrogen, USA. All ex-
pression vectors were constructed with conventional
cloning and PCR techniques. To construct a GFP and
Luciferase vector for lentivirus production, luciferase and
eGFP cassette was cloning by PCR methods from plas-
mid pCDNA3-Luciferase-eGFP as described previously
(15). Lenti-Luciferase-eGFP-TOPO construct was selected
and identified through restriction digestions and DNA
sequencing.

Cell culture
HCT116 cell line was obtained from the European Col-
lection of Cell Cultures. CD164 knockdown HCT116
(HCT116-CD164-shRNA), knockdown control clone
(HCT116-shRNA control) were established by short hairpin
RNA (shRNA) transduction method (see below). These
cells were cultured in DMEM medium supplemented with
penicillin G (100 U/mL Sigam, USA), streptomycin (100
mg/mL), and 10% fetal calf serum. Cells were grown at 37◦C
in a humidified atmosphere of 5% CO2 and were routinely
sub-cultured using 0.25% (w/v) trypsin-EDTA solution.

Lentiviral vector and cell transduction
ViraPowerTM lentiviral expression system (Invitrogen, Pais-
ley, UK) was used to introduce Lenti-Luciferase-eGFP-
TOPO construct into HCT116 cells. The ViraPowerTM pack-
aging mix and Lenti-Luciferase-eGFP-TOPO construct were
cotransfected using a gene carrier kit (Epoch-Biolabs, USA)
into the 293T cell line to produce a lentiviral stock. At 48-hr
post transfection, the virus-containing supernatant was har-
vested by collecting the medium. Viral particles were purified
by ultracentrifugation through a 20% sucrose cushion. For
infecting HCT116 cells, cells were cultured in 24 well plates
till 80% confluence, the lentivirus was added to the culture
dishes and incubated for 48 hr, the medium was then replaced
by the selection medium containing 10 µg/mL Blasticidin.

CD164 knockdown HCT116 (HCT116-CD164-shRNA)
was established by short hairpin RNA (shRNA) transduction.
A set of MISSION shRNA lentiviral transduction particles
specific to human CD164 gene was purchased from Sigma
Aldrich (Poole, UK). The set included five clones targeting
different parts of CD164 cDNA sequences. For transduction,
HCT116 cells were plated in 96-well plate the day to allow
50% confluence, 100 µL medium containing 15 µL of thawed
MISSION shRNA lentiviral particles (MOI 30∼40) as well as
8 µg/mL Polybrene were added to the cells for 48 hr. The
medium was then changed to media containing 2.5 µg/mL
Puromysin for stable clone selection. The mock knockdown
clone was used as control (HCT116-shRNA control).

RT-PCR
The RNA samples and cDNA samples were prepared us-
ing Trizol reagent (Invitrogen, Paisley, UK) and Qiagen
QuantiTectTM reverse transcription kit (Qiagen, West Sus-
sex, UK). The PCR was performed using PCR master mix
(Promega, Southampton, UK). Briefly, a master mix was pre-
pared by mixing 2× PCR master mix (10 µL), primers mix
(2 µL), RNase-free water (6 µL), and cDNA sample (2 µL;
200 ng/µL). Amplification was performed as follows: 30 cy-
cles of 30S at 94◦C for denaturation; 30S at 57◦C for annealing
and then 45S at 72◦C for amplification. PCR of 18S is used as
internal control. The PCR products were evaluated by elec-
trophoresis in 1.0% Agarose gels. The primers used are shown
as follows:

CD164-forward: 5′-GTGCTGTCCGCGGACAAGAAC-3′

CD164-reverse: 5′- TGTGAACAATAGCTCTCATC -3′

18S-forward: 5′-GTAACCCGTTGAACCCCATT-3′

Copyright C© 2012 Informa Healthcare USA, Inc.
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 J. Tang et al.

18S-reverse: 5′-CCATCCAATCGGTAGTAGCG-3′

Immunoprecipitation and Western blot
For immunoprecipitation, resuspended protein A-sepharose
beads (Amersham Biosciences, UK) in 1 mL of mRIPA ly-
sis buffer, 200 ug of cell total protein sample and 4 ug of
rabbit-anti-human CD164 were added to each reaction tube,
and the tubes were rotated at room temperature for 2 hr. The
immuneprecipitates were then washed, suspended in sample
buffer, and boiled for 5 min to dissociate protein with beads.

For Western blotting, protein was extracted with mRIPA
buffer containing protease inhibitors (mRIPA, 50 mM Tris,
pH 7.4, 100 mM NaCl, 1% Nonidet P-40, 0.5% deoxycholic
acid, 0.1% SDS, Aprotinin 10 µg/mL, Leupeptin 10 µg/mL,
PMSF 1 mM) and quantified using BCATM protein assay kit
(Pierce, Northumberland, UK). Rabbit-anti-human CD164
antibody (Abcam, Cambridge, UK) was prepared in 3%
blocking buffer at a dilution of 1:1000, incubated with the
membrane at 4◦C overnight followed by a brief wash and
incubation with secondary antibody for 1 hr at room tem-
perature. Finally, peroxide and luminol solutions 1:1 (Pierce
Company, UK) were added to cover the blot surface for 5 min
at room temperature and the membrane was placed in a de-
veloping cassette.

MTT and clonogenic assays
Cells were seeded at a density of 5×103 cells/well cells in
96 well plates and MTT assays were performed according to
manufacturer’s instructions. For clonogenic assay, 200 cells
per well were plated in 6-well plates and incubated in DMEM
medium for 14 days. Medium was then removed, plates were
washed by PBS, stained with 1 mL of 0.4% crystal violet
in 70% methanol for 20 min and the colony numbers were
counted.

Wound closure assay and transwell migration assay
Cells were grown to 90% confluence in a 6-well plate and a
wound was created using a sterile 1000-µL pipette tip. Then,
cells were cultured in serum-free media, migration at the cor-
responding wound site was documented using a digital cam-
era and the wound gap distance was measured. For transwell
migration assay, 24-well transwell plates (8-µm pores; Corn-
ing Costar, USA) were coated with 0.1% fibronectin (Sigma,
UK) for 1 hr at 37◦C before cell seeding. Cells were cultured
in serum-free media for 24 hr before seeded in triplicate at
0.5 ×105 cells per well in Transwell. After 12 hr, the me-
dia from both the chamber and the Transwell were removed,
the chamber was gently wiped with a cotton swab. Migrated
cells were fixed in 100% methanol for 1 min air dried and
the cell numbers on lower suface of the membrane were
quantified.

In vivo tumor animal model and in vivo imaging examination
Female BALB/c athymic nude mice were used. All ani-
mal experiments were carried out in accordance with the
Institution’s ethical and animal welfare guidance. Xeno-
transplanted tumor was set up by subcutaneously inject-
ing 4×105 HCT116 WT, HCT116-luci-GFP (control) or

Figure 1. CD164 is overexpressed in human colon cancer as well as
breast and ovary cancer. Immunostaining results of CD164 in tumour
and matching normal tissues with semi-quantitative scoring (range,
+1–+3) based on the staining intensity (brown color) are shown, with
+1 being the intensity detected in normal colon, +2 being strong,
and +3 being the strongest staining. (A1-A2) In breast cancer, tis-
sue CD164 immunostaining in the infiltrating ductal carcinoma re-
gion was very strong (+3), whereas CD164 staining in non-neoplastic
of breast tissues was weak (+1); (B1-B2) In serous (ovary) adeno-
carcinoma, immunostaining of CD164 was strong (+3) and in the
non-neoplastic of ovary tissues was weaker (+2); C1-C2: Primary
colon adenocarcinoma had strong CD164 expression (+3) and the im-
munostaining of CD164 in non-neoplastic of colon tissue was weak
(+1); magnification ×200.

HCT116-CD164-shRNA cells into the rear dorsum at sepa-
rate sites. Each group had four mice and the tumor nodules
were measured using calipers and calculated using the equa-
tion (1/2) × (L × W × H) and volumes recorded from day 4
to day 15.

For metastasis tumor model, 2×105 HCT116-luci-GFP
(control) and HCT116-CD164-shRNA-luci cells were in-
jected intravenously into tail veins of 10-week old female
BALB/c nude mice. D-Luciferin (150 mg/kg) was given to
each mouse via i.p. before examination by in vivo imagin-
ing (IVIS 200, USA). Bioluminescence values were calcu-
lated by measuring photons/s/cm2/sr in the region of inter-
est. The gradient number of HCT116-luci-GFP control cells
and HCT116-CD164-shRNA-luci cells were used to generate
a standard curve.

Cancer Investigation
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CD164 in Colon Cancer 

Figure 2. Knocking down CD164 inhibited tumor cell proliferation in vitro. (A) Differential expression of CD164 in different HCT116-CD164-
shRNA cell clones; expression of CD164 was measured by RT-PCR and western blot in HCT116 cells infected with MISSION shRNA lentiviral
transduction particles shRNA A-E, with β-actin as an internal control. shRNA E (SHVRSC-TRCN0000067737) was the most effective sequence
to block the CD164 expression, whereas shRNA C has little effect and was used as a methodological control for future study. (B) MTT assay
demonstrated that the growth rate of HCT116-CD164-shRNA was significantly reduced than that of the control cell line HCT116-shRNA control
and HCT116 WT from day 3 to day 5 (∗p < .05, Student’s t-test; n = 6). (C) The clone formation numbers of the HCT116-CD164-shRNA cells
were significantly reduced than those of the HCT116-shRNA control cells and HCT116 WT cells (∗p < 0.01, Student’s t-test ).

Dunn chamber chemotaxis assay
Chemotaxis was measured using Dunn chemotaxis cham-
bers (Hawksley Technology, Lancing, UK). Glass cover-slips
were plated with 1×105 of HCT116 cells. Cells were starved
in serum free DMEM for 24 hr before chemotaxis analy-
sis. Gradients of SDF-1 were formed by placing serum free
DMEM in the inner well and 400 ng/mL of SDF-1 in DMEM
in the outer well of the Dunn chamber slides. The cover slip
was inverted on to the assay slide and the edges sealed with
wax. The assay slide was then placed on the heated (37◦C)

stage of an inverted Nikon microscope equipped with ×100
phase contrast objective linked to a CCD camera. The pro-
cess was recorded at a time-lapse interval of 5 min over a 10-
hr period. The data were analyzed using MATHEMATIC 3.0
(Wolfram Research, Illinois, USA) and AQM 2001 software
(Kinetic Imaging Ltd., Manchester, UK).

Statistical analysis
Statistical analysis was performed using Excel (Microsoft)
and GraphPad Prism 5.0 (GraphPad Software, USA).

Copyright C© 2012 Informa Healthcare USA, Inc.
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 J. Tang et al.

Figure 3. (A) Knocking down CD164 has significantly inhibited HCT116 tumor growth in vivo. In Nude mice with subcutaneous injection of
HCT116 WT and HCT116-shRNA, control cells had significant tumor growth on day 7 and day 14; whereas the tumor growth in the HCT116-
CD164-ShRNA group was negligible at both day 7 and day 14. (B) Knocking down CD164 showed significant retardation in tumor size comparing
to control groups from day 6 to day 14, mean ± SD (n = 4/group, p < .001, Student’s t-test).

Student’st-test and ANOVA were used for comparison; p <

.05 was considered as significant difference.

RESULTS

CD164 is overexpressed in human colon cancer tissues
Strong expression of CD164 was observed in samples of colon
adenocarcinoma, metastatic ovary serous adenocarcinoma
and breast infiltrating ductal carcinoma, while only weak
staining was detected in the matching normal tissues (Figure
1). On the basis of the relative intensity of staining, the im-
munostaining was graded on a scale of +1 to +3, with +1 be-
ing the intensity detected in normal colon, +2 being strong,

and +3 being the strongest staining. As shown in Figure 1,
majority of colon cancer showed strong (+2) to very strong
(+3) staining and (+1) staining was shown in normal match-
ing colon tissues.

Knockdown of CD164 inhibited tumor cell growth in vitro
and in vivo
Five shRNA clones (shRNA A–E) that specifically block
different CD164 gene sites were tested respectively for
the knockdown efficiency, and shRNA E (SHVRSC-
TRCN0000067737) was shown to be the most effective
sequence to knockdown CD164 expression (Figure 2A). The
shRNA E cell clone was therefore used as HCT116-CD164-
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CD164 in Colon Cancer 

Figure 4. Downregulating CD164 attenuated cell migration ability of HCT116 cells. (A) Photomicrographs of the wound assay experiments showed
that the wound gap was significantly wider in the HCT116-CD164-shRNA group than that of the HCT116-shRNA control and HCT116 WT cells
groups at 48 and 72 hr. (B) The transwell cell migration assay confirmed that the motility of HCT116-CD164-shRNA cells was significantly reduced
compared to the HCT116-luci-GFP and HCT116WT cells (∗p < .05, Student’s t-test).

shRNA cell line in the future experiments. The shRNA C cell
clone that showed weak silence effect was used as a control
cell line named HCT116-shRNA control.

MTT assays revealed that the growth rate of HCT116-
CD164-shRNA cells was significantly lower than that of the
control cell line HCT116-shRNA control and HCT116 WT
from day 3 (p<0.05, Student’s t-test, Figure 2B). The clone
numbers of HCT116-CD164-shRNA control and the wild
type HCT116 cells were 78.5 ± 8.09 and 85.2 ± 6.24 respec-
tively and there was no statistical significance between these
two groups (p = .247, Student’s t-test), but the clone num-
ber in the two groups was significantly higher than that of
HCT116-CD164-shRNA, which was 43.8 ± 10.5 (p < .01,
Student’s t-test, Figure 2C).

Subcutaneous injection of HCT116-shRNA control cells
and HCT116 WT cells resulted in tumor formation in all
nude mice (tumor forming rate was 100%, Figure 3A) and
the tumors grew to measurable size 4 days after implanta-

tion, whereas in HCT116-CD164-shRNA group, there was
only one tumor visible at day 14 but it was too small to
be measured (tumor forming rate was 8.3%, Figure 3A). At
14 days following implantation, the average tumor size in
the HCT116 WT group (268.5 ± 134.2 mm3) and HCT116-
CD164-shRNA control (370.4 ± 129.9 mm3) group was sim-
ilar (p > .05, Student’s t-test, Figure 3B); but knocking down
CD164 significantly inhibited tumor growth at day 14 (p <

.001, Student’s t-test, Figure 3B).

Knockdown CD164 expression inhibited HCT116 cell
motility and metastasis
Knocking down CD164 delayed the wound gap closure in
a time-dependent manner (Figure 4A). The wound gap
was wider in HCT116-CD164 shRNA cells than that of
the control cells (p < .05. Student’s t-test). The transwell
migration assay confirmed that the motility of HCT116-
CD164-shRNA cells was significantly reduced compared to

Copyright C© 2012 Informa Healthcare USA, Inc.
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 J. Tang et al.

Figure 5. (A) Representative of luciferase in vivo images of HCT116-luci-GFP cells (left panel) and HCT116-CD164-shRNA-luci cells (right panel)
systemic distribution in nude mice following tail vein injection at day 14. (B) There were significantly more luciferase-labelled tumor cells detected
in the HCT116-Luci-GFP group comparing to the HCT116-CD164-shRNA-luci from day 1 to day 30 following injection (∗p < .05, Student’s t-
test). The color bar indicates the luciferase signal intensity and the mean cell numbers in both groups were calculated from the standard curves,
means ± SD (n = 3/group, p < .05, Student’s t-test). (C) The metastatic nodules, irregular cells and nucleic heteromorphism were detected in
the HCT116-luci-GFP control group (arrows), whereas no visible metastatic nodule was found in the HCT116- CD164-shRNA-luci group, H&E
staining, ×200.

the HCT116-luci-GFP and HCT116WT cells (Figure 4B). In
the Nude mice received systemic injection of cancer cells, the
time course of cell survival and proliferation were showed in
Figure 5A–B using in vivo imaging system, which demon-
strating that the cell survival ability and proliferation in nude

mice were obviously attenuated in HCT116-CD164-shRNA-
luci group compared to HCT116-CD164-shRNA control
group (Figure 5B). The metastasis nodules, irregular cells,
and nucleic heteromorphism in lung and intestinal tracts
were frequently detected in the HCT116-shRNA control
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CD164 in Colon Cancer 

Figure 6. (A) The directional migration of HCT116 WT, HCT116-shRNA control, and HCT116-CD164-shRNA cells toward SDF-1 (400 ng/mL)
were assayed using a Dunn chemotaxis chamber system. The HCT116 WT and HCT116-shRNA control cells showed significant directional move-
ment toward to SDF-1 gradient, whereas the migration of HCT116-CD164-shRNA cells was random. Scatter graphs depicted trajectories and
endpoints (red spots) of the cell migrations and circular histograms represented the proportion and moving direction of the cells; the arrows
and the green sector represented the mean significant direction of migration and 95% confidence interval (p < .01, Rayleigh test). (B) Co-
immunoprecipitation of CD164 and CXCR4 confirmed that CD164 and CXCR4 form complexes. HCT116WT cell lysates were first immuno-
precipiated with CXCR4 (or CD164) antibody, then analyzed by Western blot with CD164 (or CXCR4) antibody. Lane1-2: HCT116 WT cells; Lane
3: human IgG as negative control.

group, but there was no visible nodule seen macroscopically
and microscopically in the HCT116-CD164-shRNA group
(Figure 5C).

CD164 regulates HCT116 cell migration through
SDF-1/CXCR4 axis
HCT116 WT and HCT116-shRNA control cells had signif-
icant directional migration toward SDF-1 (400 ng/mL; p <

.01, Rayleigh test), but the cell migration was random to-
wards SDF-1 in the HCT116-CD164-shRNA cells (Figure
6A). When HCT116 cell lysates were immuneprecipated with
an anti-CXCR4 antibody, CD164 was detected in the prod-
ucts, and vice versa, suggesting that CD164 forms complexes
with CXCR4 in HCT116 cells (Figure 6B).

DISCUSSION

Previous studies in both Drosophila S2 cells and human
CD34+CD38− hematopoietic stem/progenitor cells showed
that inhibition of cell proliferation when CD164 expression
was knocked down (1, 3, 6). In this study, the relation-
ship between CD164 expression and cancer cell proliferation
was explored by shRNA technology that specifically knocked
down CD164 expression in HCT116 cells, demonstrating
that knocking down CD164 attenuated HCT116 cell growth
both in vitro and in vivo compared to the control or wild
type cells.

There is a general agreement that tumor cell migration is
a pivotal step in tumor metastasis. Whereas several groups
have confirmed the dramatic effect on growth inhibition with
knockdown of CD164 in various cell lines, little is known

Copyright C© 2012 Informa Healthcare USA, Inc.
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about the effect of knockdown of CD164 on tumor cell mi-
gration and/or metastasis. In this study, it has been found that
knockdown of CD164 in HCT116 cells significantly inhib-
ited the ability of HCT116 cells to close a wound scratch in
culture flasks, the decreased cell migration ability of CD164
knockdown HCT116 cells was also confirmed by a transwell
test. The in vivo IVIS imaging showed the metastasis in-
hibition of CD164 knockdown HCT116 cells in the tumor
bearing animal models. CD164 belongs to the mucin gly-
coprotein family and knocking down other tumor associ-
ated glycoproteins that belong to the mucin family, such as
MUC1 has also been found to inhibit cell migration through
promoting E-cadherin/catenin complex formation in cancer
cells (16).

Initially we have tested the CD164 expression using im-
munostaining in several types of cancers, including colon,
breast, and ovary cancers. We have compared the expression
of CD164 in the cancer sites and the adjacent “normal” tis-
sue sites and found that the CD164 was highly upregulated
in colon cancer, as well as in other cancer types. However,
the focus of this study is the role of CD164 in colon can-
cer, but CD164 may also play equally important role in other
types cancer development and metastasis, which is yet to be
explored. Further studies are needed to explore the molecu-
lar mechanisms underlying the observed inhibition of pro-
liferation and metastasis with CD164 knockdown. It is pos-
sible that endocytic process of specific receptors responsible
for cell proliferation may be disrupted because of the mod-
ification of CD164 expression, as CD164 plays an impor-
tant role for endocytic processes. Our data also confirmed
that CD164 formed a complex with CXCR4, suggesting that
CD164 might also act through SDF-1/CXCR4 pathway. SDF-
1 is a chemokine has been found to enhance tumor cell prolif-
eration (17); promote cell migration and tumor growth (18).
A possible “cross-talk” between SDF-1/CXCR4 and EGFR in-
tracellular pathways (19) or STAT5 activation (17) may be
responsible for upregulated cell proliferation in cancer cells.
SDF-1 treatment resulted in increased expression of prolif-
erating cell nuclear antigen and a downregulation of cleaved
caspase-3 that is responsible for cell apotosis, therefore, pro-
moted tumor cell proliferation and tumor growth and inhib-
ited tumor cell apoptosis. A signaling pathway involves SDF-
1/CXCR4 and CD164 may also exist that influences HCT116
cell proliferation as observed in the present study. Many evi-
dences proved that the interactions of chemokines and their
receptors are involved in the homing of metastatic tumor
cells (20–22). The SDF-1/CXCR4 chemokine axis was a well-
characterized and important chemotactic receptor pathway
that mediates cancer cells migration (23). Recently, Sinead
Forde reported that CD164 modulated the CXCR4 down-
stream signaling pathway in UCB CD133+ precursors and
regulated cell migration through the SDF-1/CXCR4 path-
way (24). A role of CD164 in SDF-1 mediated chemotaxis of
HCT116 cells was also confirmed by Dunn chamber chemo-
taxis analysis in this study. The formation of CD164 and
CXCR4 complex was confirmed by co-immunoprecipitation
in HCT116 cell. Knocking down CD164 in HCT116 resulted
in the decreased surface expression of CXCR4 in HCT116

cells. CD164 was therefore involved in SDF-1/CXCR4 com-
plex in HCT116 cells, which was also true in C2C12 cell and
umbilical cord blood CD133+ cells (24, 25). Our data proved
the hypothesis that CD164 forms a complex with CXCR4 and
subsequently affects cell mobility of HCT116 cells.

This study has confirmed that CD164 promotes HCT116
colon tumor cell proliferation, survival and migration both in
vitro and in vivo. The promoting effect of CD164 on colon
cancer development may act through SDF-1/CXCR4 path-
way. CD164 may therefore be a potential target for treatment
or diagnosis of colon cancer metastasis.

ACKNOWLEDGMENT

We thank Prof. Charles F Campbell, Queen’s University
Belfast, UK for his advice and support for this study.

DECLARATION OF INTERESTS
The authors report no declarations of interest. The authors
alone are responsible for the content and writing of the paper.

REFERENCE

1. Zhou GQ, Zhang Y, Ferguson DJ, Chen S, Rasmuson-Lestander A,
Campbell FC, Watt SM. The Drosophila ortholog of the endolyso-
somal membrane protein, endolyn, regulates cell proliferation. J
Cell Biochem 2006;99:380–1396.

2. Zannettino AC, Buhring HJ, Niutta S, Watt SM, Benton MA, Sim-
mons PJ. The sialomucin CD164 (MGC-24v) is an adhesive glyco-
protein expressed by human hematopoietic progenitors and bone
marrow stromal cells that serves as a potent negative regulator of
hematopoiesis. Blood 1998;92:2613–2628.

3. Chan JY, Watt SM. Adhesion receptors on haematopoietic pro-
genitor cells. Br J Haematol 2001;112:541–557.

4. Kurosawa N, Kanemitsu Y, Matsui T, Shimada K, Ishihama H,
Muramatsu T. Genomic analysis of a murine cell-surface sialo-
mucin, MGC-24/CD164. Eur J Biochem 1999;265:466–472.

5. Watt SM, Chan JY. CD164–a novel sialomucin on CD34+ cells.
Leuk Lymphoma 2000;37:1–25.

6. Watt SM, Buhring HJ, Rappold I, Chan JY, Lee-Prudhoe J, Jones
T, Zannettino AC, Simmons PJ, Doyonnas R, Sheer D, Butler
LH. CD164, a novel sialomucin on CD34(+) and erythroid sub-
sets, is located on human chromosome 6q21. Blood 1998;92:
849–866.

7. Lee YN, Kang JS, Krauss RS. Identification of a role for the sialo-
mucin CD164 in myogenic differentiation by signal sequence
trapping in yeast. Mol Cellular Biol 2001;21:7696–7706.

8. Vaday GG, Hua SB, Peehl DM, Pauling MH, Lin YH, Zhu L,
Lawrence DM, Foda HD, Zucker S. CXCR4 and CXCL12 (SDF-
1) in prostate cancer: inhibitory effects of human single chain Fv
antibodies. Clin Cancer Res 2004;10:5630–5639.

9. Masuzawa Y, Miyauchi T, Hamanoue M, Ando S, Yoshida J,
Takao S, Shimazu H, Adachi M, Muramatsu T. A novel core
protein as well as polymorphic epithelial mucin carry peanut
agglutinin binding sites in human gastric carcinoma cells: se-
quence analysis and examination of gene expression. J Biochem
1992;112:609–615.

10. Ihrke G, Gray SR, Luzio JP. Endolyn is a mucin-like type I
membrane protein targeted to lysosomes by its cytoplasmic tail.
Biochem J 2000;345 (II):287–296.

11. Havens AM, Jung Y, Sun YX, Wang J, Shah RB, Buhring HJ,
Pienta KJ, Taichman RS. The role of sialomucin CD164 (MGC-
24v or endolyn) in prostate cancer metastasis. BMC Cancer
2006;6:195–201.

Cancer Investigation

C
an

ce
r 

In
ve

st
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

hi
ne

se
 U

ni
ve

rs
ity

 o
f 

H
on

g 
K

on
g 

on
 0

5/
29

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CD164 in Colon Cancer 

12. Wong PF, Abubakar S. Comparative transcriptional study of the
effects of high intracellular zinc on prostate carcinoma cells. Oncol
Rep 2010;23:1501–1516.

13. Coustan-Smith E, Song G, Clark C, Key L, Liu P, Mehrpooya
M, Stow P, Su X, Shurtleff S, Pui CH, Downing JR, Campana D.
New markers for minimal residual disease detection in acute lym-
phoblastic leukemia. Blood 2011;117(23):6267–6276.

14. Chirumbolo S. CD164 and other recently discovered activation
markers as promising tools for allergy diagnosis: what’s new? Clin
Exp Med 2011;11(4):255–257.

15. Song C, Xiang J, Tang J, Hirst DG, Zhou J, Chan KM, Li G.
Thymidine kinase gene modified bone marrow mesenchymal
stem cells as vehicles for antitumor therapy. Hum Gene Ther
2011;22:439–449.

16. Yuan Z, Wong S, Borrelli A, Chung MA Down-regulation of
MUC1 in cancer cells inhibits cell migration by promoting E-
cadherin/catenin complex formation. Biochem Biophy Res Com-
munication 2007;362:740–746.

17. Mowafi F, Cagigi A, Matskova L, Chung MA. Chemokine CXCL12
enhances proliferation in pre-B-ALL via STAT5 activation. Pedi-
atric Blood Cancer 2008;50:812–817.

18. Kollmar O, Rupertus K, Scheuer C, Junker B, Tilton B, Schilling
MK, Menger MD. Stromal cell-derived factor-1 promotes cell
migration and tumor growth of colorectal metastasis. Neoplasia
2007;9:862–870.

19. Porcile C, Bajetto A, Barbieri F, Barbero S, Bonavia R, Biglieri
M, Pirani P, Florio T, Schettini G. Stromal cell-derived factor-

1alpha (SDF-1alpha/CXCL12) stimulates ovarian cancer cell
growth through the EGF receptor transactivation. Exp Cell Res
2005;308:241–253.

20. Muller A, Homey B, Soto H, Ge N, Catron D, Buchanan ME, Mc-
Clanahan T, Murphy E, Yuan W, Wagner SN, Barrera JL, Mohar
A, Verastegui E, Zlotnik A. Involvement of chemokine receptors
in breast cancer metastasis. Nature 2001;410:50–56.

21. Robledo MM, Bartolome RA, Longo N, Rodriguez-Frade
JM, Mellado M, Longo I, van Muijen GN, Sanchez-Mateos
P, Teixido J. Expression of functional chemokine receptors
CXCR3 and CXCR4 on human melanoma cells. J Biol Chem
2001;276:45098–45105.

22. Taichman RS, Cooper C, Keller ET, Pienta KJ, Taichman NS,
McCauley LK. Use of the stromal cell-derived factor-1/CXCR4
pathway in prostate cancer metastasis to bone. Cancer Res
2002;62:1832–1837.

23. Moskovits N, Kalinkovich A, Bar J, Lapidot T, Oren M. p53 at-
tenuates cancer cell migration and invasion through repression
of SDF-1/CXCL12 expression in stromal fibroblasts. Cancer Res
2006;66:10671–10676.

24. Forde S, Tye BJ, Newey SE, Roubelakis M, Smythe J, McGuckin
CP, Pettengell R, Watt SM. Endolyn (CD164) modulates the
CXCL12-mediated migration of umbilical cord blood CD133+
cells. Blood 2007;109:1825–1833.

25. Bae GU, Gaio U, Yang YJ, Lee HJ, Kang JS, Krauss RS. Regulation
of myoblast motility and fusion by the CXCR4-associated sialo-
mucin, CD164. J Biol Chem 2008;283:8301–8309.

Copyright C© 2012 Informa Healthcare USA, Inc.

C
an

ce
r 

In
ve

st
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

hi
ne

se
 U

ni
ve

rs
ity

 o
f 

H
on

g 
K

on
g 

on
 0

5/
29

/1
2

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


