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Abstract

Background Tetraspanin KAI1/CDS82, a tumor metastasis suppressor, has emerged as a promising molecular target for the
management of metastatic disease. However, the peptide mimicking small extracellular ring domain (EC1) of CD82 has not
been fully investigated for the function of inhibiting cell migration in vitro and tumor metastasis in vivo.

Methods Different cancer cells were treated with EC1 mimic peptide in order to detect migration and invasion by the heal-
ing assay and transwell. Cell aggregation and adhesion assays were used to investigate the function of homotypic cell—cell
aggregation and adhesion to tissue culture plates. Then, we established syngeneic and xenograft animal models to assess the
metastasis inhibitory effect of EC1 mimic peptide in vivo.

Results In vitro studies, the EC1 mimic peptide had been showed to promote homotypic cell-cell aggregation, suppress
cell migration, invasion and adherence in multiple tumor cell types. In vivo metastasis assays, the EC1 mimic peptide could
strongly inhibit the pulmonary metastasis of LCC in syngeneic mice model and SW620 and H1299 in xenograft mice model.
Conclusion This novel finding will improve our understanding of the mechanism by which CD82 inhibits metastasis, and
suggests that EC1 mimic peptide may be a promising candidate for developing anti-metastasis drugs.
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2000). Thus far, more than 20 metastasis suppressor genes
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In the past decades, several strategies have been devel-
oped to reactivate the metastasis suppressor functions. These
strategies can be classified into three categories, including
re-expression of metastasis suppressor gene by induction of
the endogenous locus, restoration of gene function by lipo-
some or viral-mediated gene therapy, direct administration
of the productions of metastasis suppressor gene and tar-
geting essential downstream pathways that are activated by
loss of suppressor function (Smith and Theodorescu 2009).
However, to date, none of the anti-metastasis agents target-
ing metastasis suppressor can be used in clinical metastasis
therapy (Shoushtari et al. 2011).

Among the metastasis suppressors, KAI1/CDS82 is one
of the most extensively described metastasis suppressors.
KAI1/CD82 was first identified as a prostate cancer metasta-
sis suppressor through genetic screening (Dong et al. 1995).
In the past two decades, the structure and function of CD82
in cancer metastasis had been well established (Tsai and
Weissman 2011; Malik et al. 2009). Like other metastasis
suppressors, the strategies, including gene therapy tech-
niques or re-expression of endogenous KAIl induced by
etoposide, or genistein had been used to restore the CD82
function. However, to date, none of these strategies are yet in
clinical routine application. CD82, as a transmembrane pro-
tein, cannot be directly applied to the clinic with the current
drug delivery technology. However, the extracellular domain
of KAI1/CD82 should be a key structure for CD82’s func-
tion and a potential target structure for the clinical interfer-
ence with tumor metastasis. Thus, we focused primarily on
the roles of extracellular domains of CD82. In our previous
works, we found that the EC1 amino acid sequence mimic
peptide of CD82 (CD82EC1-mP) could inhibit integrin-
mediated tumor cell adhesion to extracellular matrix mol-
ecule (Luan et al. 2018). In this paper, we further studied the
effects of CD82EC1-mP on the invasive behavior of cancer
cells in vitro and tumor metastasis in vivo. To establish the
generality of the conclusions, functional and biochemical
studies were carried out using several different types of cell
lines.

Materials and methods

Cell culture

SW620 (L-15 medium, Macgene), MDA-MB-231, LLC and
Hepg2 (DMEM medium, Gibco), PC3 and H1299 (RPMI
1640 medium, Gibco), all the cell lines were cultured in

a specific medium supplied with 10% fetal bovine serum
(Gibco), at 37 °C, 5% CO,.
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Reagents

CDS82ECI1-mP used in this paper was synthesized by Xing-
hao biological co. Ltd. (Wuhan,China) according to EC1
amino acid sequence of CD82 (CD824P¥"1y58) and modi-
fied by addition of 4 lysine residues at the N terminal.
Amino acid sequence of CD82ECI-mP is
KKKKDKSSFISVLQTSSSLRMGAY.

Cell migration assay

Cell motility was determined by wound healing assay.
SW620, MDA-MB-231, PC3 and H1299 cells were seeded
in 12-well plates in a specific medium supplemented with
10% fetal bovine serum. When the cells were grown to
85-90% confluence, the cell monolayers were then care-
fully scratched using 200 pl sterile pipette tips. Cell debris
was removed by washing with PBS. The wounded mon-
olayers were maintained in medium with increased doses
of CD82EC1-mP for an additional 72 h and photographs
were taken under an inverted light microscope. The effects
of CD82ECI-mP on cell migration are displayed as relative
healing area.

Cell invasion assay

Cell invasion was determined by transwell analysis. SW620,
MDA-MB- 231, PC3 and H1299 cells (1 x 104) suspended
in 100 pl L15 medium with increased doses of CD82ECI-
mP and plated on the upper side of a 0.45 pm polycarbon-
ate membrane separating two chambers of transwell cul-
ture plates (Corning) and 600 pl of 10% FBS medium were
placed in the bottom chamber. After incubation 24 h at 37 C
in 5% CO?2, the cells on the top membrane surface were
scraped using a cotton swab and the cells that migrated to
the bottom side of the membrane were fixed and stained with
0.1% crystal violet (Beyotime). Photographs were taken and
stained cells were counted under a microscope. The data
were expressed as the average number of cells from five
randomly selected fields.

Cell aggregation assays

SW620, MDA-MB-231, PC3, H1299 and LLC cells were
plated in 12-well plates and incubated in a specific culture
medium with or without (control) 50 pg/ml of CD82ECI1-
mP for 12 h. Cell aggregation was photographed under an
inverted light microscope (Olympus).
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Cell adhesion assays

SW620, MDA-MB-231, PC3, H1299 and Hpeg2 cells were
plated in 12-well plates and incubated in a specific medium
supplemented with 10% fetal bovine serum (Gibco) and with
or without (control) 50 pg/ml of CD82EC1-mP for 24 h.
Unattached cells were removed by two washes with a culture
medium and photographs were taken under an inverted light
microscope.

Experimental metastasis assay

Both syngeneic and xenograft animal models have been
employed to assess the in vivo effects of CD82EC1-mP.

First, mouse lung cancer LLC cell syngeneic mice model
was constructed. In brief, a total of 40 ICR mice (6-week-
old, 20 g) were assigned to a control group and three treat-
ment groups (10 mice per group). For control group, the
cells (1x10° cells in 0.1 ml PBS) were injected into each
mouse through the tail vein. The treatment groups were
divided into groupl, groupll and grouplll according to the
time of administration of the drug. For groupl, the cells
(1% 10° cells in 0.1 ml PBS with 100 pg CDS2EC1-mP)
were injected into each mouse through tail vein. For groupll,
first, the mice were treated with 100 pg CD82EC1-mP in
0.1 ml PBS via tail vein, 2 h later, the cells (1 X 10° cells
in 0.1 ml PBS) were injected into each mouse through the
tail vein. For grouplll, the mouse was injected firstly with
the cells, 2 h later, the mouse were injected with 100 pg
CDS82ECI1-mP in 0.1 ml PBS via the tail vein. After 35 days
of injection, the mice were sacrificed and the metastatic foci
on the lung surface were detected. Lung metastasis positive
mice were defined by the formation of one or more visible
metastatic nodules on the lung surface of tumor-bearing
mice and numbered with “+”.

For xenograft studies, two human cancer cell lines, colon
SW620 and lung H1299 were used in the experiments. The
cells (1x10° cells in 0.1 ml PBS, with or without 100 pg
CD82ECI1-mP) were injected into tail vein of male nude
mice (BALB/cA-nu/nu, seven per group). After 45 days of
injection, the mice were sacrificed and the metastatic foci on
the lung surface were detected. Experiments were conducted
according to the guidelines for the ethical use of animals of
Dalian Medical University under an approved protocol by
the Ethics Committees of Dalian Medical University (No.
AEE18014).

Statistic analysis
All experiments in vitro were performed at least three

times independently. Data were analyzed by the student’s t
test. Results are expressed as mean =+ standard error of the

mean. Statistical significance was determined. *P <0.05,
**P<0.01, ***P <0.001.

Results
CD82ECT1-mP inhibits the cancer cells migration

Cell adhesion and migration play an essential role during
cancer metastasis. It is well documented that CD82 sup-
presses tumor metastasis primarily via regulating cell adhe-
sion and migration (Lee et al. 2011; Hemler 2003). To inves-
tigate the role of CDS82EC1-mP on the invasive behavior of
cancer cells, we first tested the effect of CD82EC1-mP on
the migration of cancer cells in vitro using wound healing
assay analysis. The results showed that the CD82EC1-mP
strongly inhibited the migration in all four cancer cell lines,
including SW620, MDA-MB-231, PC3, H1299 cells. The
inhibitory effect was dose-dependent. At the concentration
of 60 pg/ml CD82EC1-mP, cell migration was almost com-
pletely inhibited. When the concentration of CD82EC1-
mP is higher than 50, its effect no longer increases or even
decreases (Fig. 1).

CD82EC1-mP inhibits the cancer cells invasion

Tumor cell metastasis is closely related to its invasion abil-
ity. Next, the effect of CD82EC1-mP on the invasive ability
of cancer cells was determined using transwell assay. As
showing in Fig. 2 the results showed that the CD82EC1-mP
strongly inhibited the tumor cell invasion in all the tested
cancer cell lines. The inhibitory effect was dose-dependent.
At the concentration of 60 pg/ml CD82EC1-mP, When the
concentration of CD82EC1-mP is higher than 50, its effect
no longer increases or even decreases.

CD82EC1-mP promotes the homotypic cell-cell
aggregation

The first step of metastasis is the tumor cell dissociation
from the primary tumor nest. In this process, tumor cells are
required to loosen their homophilic cell adhesion, enabling
tumor cells to escape from the tumor nest. Overexpression
of CD82 had been found to increase cell homotypic adhesion
and induce cell aggregation, which inhibited the initiation
of the metastatic process (Abe et al. 2008; Jee et al. 2003).
Furthermore, we examined the influence of CD82EC1-mP
on cell homotypic aggregation. As shown in Fig. 3, after
treatment with 50 pg/ml of CD82EC1-mP, all the cells tested
were clustered together to form large multi-cellular clus-
ters. The result indicated that CD82EC1-mP could promote
homotypic cell-cell aggregation.
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Fig.1 CD82ECI1-mP suppresses cell migration. SW620, MDA-MB-
231, PC3 and H1299 cells were seeded in 12-well plates in a specific
medium supplemented with 10% fetal bovine serum and treated with
increased doses of CD82ECI1-mP. Cell migration was examined by

CDB82EC1-

Fig.2 CD82ECI1-mP suppresses cancer cell invasion. SW620, MDA-
MB- 231, PC3 and H1299 cells were seeded in 12-well plates in a
specific medium supplemented with 10% fetal bovine serum and
treated with increased doses of CD82EC1-mP. Cell invasion was

CD82EC1-mP inhibits cancer cell adhesion

Cell adhesion to extracellular matrix is essential for motil-
ity and invasion. It was reported that CD82 attenuated
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examined by transwell assay. Photographs were taken under an
inverted light microscope. The data were expressed as the average
number of cells from five randomly selected fields

the cancer cell adherent to the extracellular matrix, such
as FN, LN, or non-coated tissue culture plates (Hemler
et al. 1996; He et al. 2005). We next examined the effect
of CD82EC1-mP on cell adhesion. As shown in Fig. 4,
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Fig.3 CDS82ECI-mP promotes the homotypic cell-cell aggregation.
SW620, MDA-MB- 231, PC3, H1299 and LLC cells were seeded
in 12-well plates in a specific medium supplemented with 10% fetal

treatment with 50 pg/ml CD82ECI1-mP almost com-
pletely blocked the cell adhesion to tissue culture plates.
Taken together, all the results from above indicated that
CD82EC1-mP could promote homotypic cell aggrega-
tion, inhibit cell migration and adhesion. In addition
to the cell lines used above, the same results were also
obtained using other cell lines, including A549, HepG2,
4T1, SW480 (results were not shown because of space
limitations). This suggested that the action of CD82EC1-
mP on tumor cells has no tissue specificity.

CD82EC1-mP abrogates the lung metastases
in animal models

In the cell-based assays, we found that CD82EC1-mP was
able to promote homotypic cell-cell aggregation, inhibit
cell migration and adhesion. Hence, CD82EC1-mP would
be expected to exert the role of metastasis inhibition in vivo.
To test this, we examined the effect of CD82EC1-mP on the
tumor metastasis in vivo using both syngeneic and xenograft
animal models.

First, we prepared the mouse lung cancer LLC cell syn-
geneic mice models by injecting LLC cell into ICR mice
via tail vein. To mimic a clinical therapeutic situation (For
example, CD82EC1-mP were administrated at preopera-
tive, postoperative, or intraoperative of surgical resection
of primary tumor foci to prevent the spread and metastasis
of tumor cells), we designed three treated groups accord-
ing to the time of administration of the drug. After 35 days
of injection, the mice were sacrificed and the metastatic
foci on the lung surface were detected. As shown in Fig. 5,
the lung metastasis was dramatically reduced in all three
treated groups, comparing with the control group. The lung

bovine serum with or without (control) 50 pg/ml of CD82EC1-mP for
12 h. The cell aggregation was photographed under an inverted light
microscope

metastasis positive rates were 90% (9/10) in control mice,
and 10% (1/10), 40% (4/10) and 30% (3/10) in groupl, I and
III, respectively. These data indicated that CD82EC1-mP
strongly inhibited LLC cell pulmonary metastasis.

For xenograft studies, two human cancer cell lines, colon
SW620 and lung H1299 were used in the experimental
metastasis assays. As shown in Fig. 6, the lung metastasis
was markedly reduced by CD82EC1-mP in all the tumor cell
line xenograft modles. The lung metastasis positive rates
in treated group mice versus control group mice were 14%
(1/7) and 86% (6/7) for SW620, and 14% (1/7) and 100%
(7/7) for H1299, respectively. The results from xenograft
study demanstrated that CD82EC1-mP had a broad anti-
metastasis activity (Figs. 5 and 6).

Discussion

At present, except for EC1, the corresponding function of
each of the domain of CD82 was basically clear (Kovalenko
et al. 2005; Stipp et al. 2003). In this paper, we focused
our attention on the EC1 domain CD82. We synthesized
the peptide according to the EC1 amino acid sequence of
CDS82 by means of chemical synthesis, and then examined
these peptides roles in the invasive behavior of tumor cells.
In the cell-based assays, we found that CD82EC1-mP was
able to promote homotypic cell-cell aggregation, inhibit
cell migration and adhesion, and its action was more pow-
erful than that of full CD82 molecules compared to the data
reported by others. In the tested cell lines, cell migration and
cell adherence were completely inhibited at a concentration
of 50 pg/ml CD82EC1-mP. These findings suggested that
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Control

CD82EC1-
mP50pug/mL

Fig.4 CD82ECI-mP blockes the cell adhesion to tissue culture
plates. SW620, MDA-MB- 231, PC3, H1299 and HepG2 cells were
seeded in 12-well plates in a specific medium supplemented with 10%

Control
(9/10)

Group |
(1/10)

Group [
(4/10)

Group Il
(3/10)

Fig.5 CD82ECI-mP blocked the pulmonary metastasis of mouse
lung cancer LLC cell in syngeneic mice model. The mouse lung can-
cer LLC cell syngeneic mice models were prepared by injecting LLC
cell into ICR mice via tail vein. According to the time of adminis-
tration of drug, the treated groups were divided into three groups:
groupl, cells and CD82ECI-mP were injected at the same time;
groupll, CD82EC1-mP was administrated 2 h before cell inoculation;

CD82CE1-mP alone is sufficient for the function of CD82
inhibit cell invasion and migration.

Since CD82EC1-mP can strongly inhibit tumor cell inva-
sion and migration in vitro, it would be expected to exert the
role of metastasis inhibition in vivo. Next, we investigated
the influence of CD82EC1-mP on the lung metastasis capa-
bility of different tumor cell lines by injecting the tumor cell

@ Springer

fetal bovine serum and treated with or without (control) 50 pg/ml of
CD82EC1-mP for 24 h. Cell adhesiveness was photographed under
an inverted light microscope

grouplll, CD82EC1-mP was administrated 2 h after cell inocula-
tion. Lung metastasis positive mice were defined by the formation of
one or more visible metastatic nodules on the lung surface of tumor-
bearing mice and labeled with “+”. The non-metastatic samples were
labeled with “_”. The Lung metastatic nodules were indicated with
arrows

into the tail veil of syngeneic mice or nude mice. Our results
showed that CD82EC1-mP treatment significantly reduced
the pulmonary metastasis in multiple types of tumor cells
both in syngeneic and xenograft mice models. These results
indicated that EC1 mimic peptide will be very promising to
be used in clinical metastasis therapy.
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Fig.6 CD82ECI-mP blocked the pulmonary metastasis of tumor
cells in xenograft mice models. Human colon SW620 and lung
HI1299 cells xenograft mice models were constructed by injecting
these cells into BALB/cA-nu/nu via tail vein. Lung metastasis posi-

Of the three treated groups in syngeneic mice models,
groupl showed a maximum inhibition in lung metastases
formation (1/10). Other two treated groups, group II and
group III showed a lower lung metastasis inhibition rate than
that of groupl. The reason may be that the concentration
of CD82EC1-mP in vivo was decreased through enzymoly-
sis or binding with plasma proteins. Especially in group II,
when the cells were inoculated 2 h after administration of
CD8&2EC1-mP, the concentration of CD82EC1-mP in vivo
will greatly reduce. Therefore, we believe that further
increase of CD82EC1-mP concentration will increase the
inhibition rate of lung metastasis.

To sum up, this novel finding has important theoreti-
cal and clinical significance. Theoretically, the novel find-
ing will improve our understanding of the mechanism by
which CD82 inhibits metastasis. Therapeutically, with cur-
rent technology, all the strategies, including gene therapy,
induction of gene re-expression or direct administration of
CD82 intact molecule cannot be used in clinical metastasis
therapy. Our result offers a new strategy for the design
of anti-metastasis agents targeting CD82. CD82 is widely
expressed in normal tissue cell, so EC1 mimic peptide
is a natural peptide and has no immunogenicity(Stipp
et al. 2003). CD82EC1-mP exerts its function outside the
cells, thus, can be used directly in the clinic, not requir-
ing complicated gene transfer or drug delivery technology.

tive mice were defined by the formation of one or more visible meta-
static nodules on the lung surface of tumor-bearing mice and labeled
with “+”, The non-metastatic samples were labeled with “_”. The
Lung metastatic nodules were indicated with arrows

The CD82EC1-mP can abrogate multiple types of tumor
metastasis, so that has no tissue cell specificity.

The main biological function of CD82 is to regulate cell
adhesion and migration, which involved in tumor metas-
tasis, development, immune response, virus binding and
growth of stem cells. Therefore, in addition to inhibiting
tumor metastasis, the EC1 mimic peptide should have a
broader role.
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