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Oral squamous cell carcinoma (OSCC) is often associated with lymphatic rather than hematogenous
metastasis; however, a determinant factor for this process has not been elucidated. This study examined
the effect of OSCC-derived exosomes on angiogenesis and lymphangiogenesis, closely related with
hematogenous and lymphatic metastasis, respectively. Our data demonstrated that OSCC-derived exosomes stimulated the expression of VEGFs and their receptors, essential regulators of angiogenesis and
lymphangiogenesis, in human lymphatic endothelial cells but not in human vein endothelial cells. These
results suggest that speciﬁc exosomes have differential tropism toward a certain cell type, deﬁning the
modality of metastasis.
& 2016 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

2. Materials and methods

In cancer pathology, the subject of metastatic organotropism
has been perplexing; however, recent studies have demonstrated
that exosomes could be involved in this process [1]; for example,
exosomes display delimited cell tropism [2,3]. In the present
study, we evaluated the effects of oral squamous cell carcinoma
(OSCC)-derived exosomes on angiogenesis and lymphangiogenesis, using HUVECs (human umbilical vein endothelial cells) and
HDLECs (human dermal lymphatic endothelial cells) to determine if exosomes display cell tropism toward each endothelial
cell type. We recently reported that exosomes from SQUU-B cells
(a highly metastatic OSCC cell line) could confer metastatic
ability to SQUU-A cells (a non-metastatic OSCC cell line from the
same patient) via exosomes. Herein, we used exosomes in a
similar manner to that of the previous experiment [4], focusing
on the expression of VEGFs and their receptors (VEGFRs), which
have been shown to be essential regulators of angiogenesis and
lymphangiogenesis [5].

2.1. Cell culture
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Two OSCC cell lines (SQUU-A and SQUU-B) established from
local recurrent tongue cancer tumors [6] were maintained as
described previously [4]. HUVECs and HDLECs, purchased from
PromoCell (Heidelberg, Germany), were cultured with endothelial
cell growth medium MV2 kits (PromoCell). All cells were maintained in a 5% CO2 humidiﬁed atmosphere at 37 °C.

2.2. Exosome puriﬁcation
Exosomes were isolated with the PureExo Exosome Isolation
Kit (P100) (Cosmo Bio Co., Ltd., Tokyo, Japan) according to the
manufacturer's instructions, and as previously performed [4].

2.3. Tube formation assay
Tube formation assays were performed as described previously [7,8] with minor modiﬁcations. Speciﬁcally, 96-well
plates were coated with 50 μ l per well of growth factor
reduced Matrigel (BD Biosciences, San Jose, CA). The gel was
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Table 1
Primer sets and probe numbers for qPCR analysis.
Gene

Direction

Primer sequence

Base pairs

Probe

GAPDH

Forward
Reverse

AGC CAC ATC GCT CAG ACA C
GCC CAA TAC GAC CAA ATC C

66 bp

60

VEGFR1

Forward
Reverse

CAG CAT ACC TCA CTG TTC AAG G
CCA CAC AGG TGC ATG TTA GAG

75 bp

50

VEGFR2

Forward
Reverse

GAA CAT TTG GGA AAT CTC TTG C
CGG AAG AAC AAT GTA GTC TTT GC

66 pb

18

VEGFR3

Forward
Reverse

CAG GCT GAC GCT GAG GAC
AAA GGA CAC CCA GTT GTA ATA CCT

78 bp

64

VEGFA

Forward
Reverse

CTA CCT CCA CCA TGC CAA GT
CCA TGA ACT TCA CCA CTT CGT

86 bp

29

VEGFC

Forward
Reverse

AAG TCC ACA GAA ATG CTT GTT AAA
TCG TAC ATG GCC GTC TGT AA

77 bp

31

VEGFD

Forward
Reverse

AAA GTT TTA CCA GTA TGG ACT CTC G
GAG TTC TTT GCC ATT CTT CAT CTA T

114 bp

89

incubated at 37 °C for 30 min to solidify, after which 1.5  10 4
HUVEC or HDLEC cells, in 150 μ l MV2 medium without VEGF,
were added to each well. After treatment for 18 h, the cells
were photographed at a 4  magniﬁcation (EVOS Cell Imaging
System, Life technologies Corporation, Carlsbad, CA). For
quantiﬁcation, branch points in each image were counted.

The Mann–Whitney U-test was used to compare the relative
mRNA expression, obtained by real-time PCR, and the quantiﬁcation of viable cells. A P-value of less than 0.05 was considered
statistically signiﬁcant.

2.4. Real-time PCR

3. Results and discussion

Total RNA extraction, reverse transcription, and real-time PCR
analysis, including cycling conditions, were performed as previously described [4]. The PCR primer sequences and amplicon
sizes for each gene are described in Table 1. TaqMan probes speciﬁc for each sequence were selected from the LightCycler Universal Probe Library (Roche Diagnostics, Mannheim, Germany)
(Table 1).

3.1. Effects of SQUU-A and -B-derived exosomes on HUVECs

2.5. Immunoblot analysis
SDS-PAGE and immunoblot analysis were performed as
described previously [4]. Primary antibodies used in the experiments include the following: mouse monoclonal anti-GAPDH
(diluted 1:40,000; Acris, San Diego, CA) and podoplanin (diluted
1:1000; Biolegend, San Diego, CA), rabbit polyclonal antibodies
against VEGFR1 (diluted 1:3000; Cell Signaling Technology, Beverly, MA), VEGFR2 (diluted 1:3000; Cell Signaling Technology),
VEGFR3 (diluted 1:1000; Abcam, Cambridge, UK), VEGF-A (diluted
1:3000; Abcam), VEGF-C (diluted 1:1000; Cell Signaling Technology), and VE-cadherin (diluted 1:3000; Cell Signaling Technology),
and rabbit monoclonal anti-VEGF-D (diluted 1:3000; Abcam).
Horseradish peroxidase-conjugated secondary antibodies targeting rabbit or mouse IgG (diluted 1:40000 for GAPDH and 1:4000
for the others; Cell Signaling Technology) were used.

2.6. Statistical analysis

To examine if exosomes from SQUU-A (exoA) or SQUU-B (exoB)
promote tumor angiogenesis, a process that can increase the
probability of hematogenous tumor dissemination [9], we ﬁrst
performed in vitro tube formation analysis using HUVECs. For
analysis, we determined the number of branch points, which is
routinely considered as an index for tube-formation [10]. For this
parameter (Fig. 1A,B), and for cell viability (Fig. 1C) there were no
signiﬁcant differences among vehicle-, exoA-, and exoB-treated
HUVECs, whereas exoB resulted in the formation of numerous
unpolarized aggregates at cellular junctions in HUVECs (Fig. 1A).
Epithelial cellular aggregates is generally going to establish luminal structures and polarized vesicle trafﬁcking of cell divisionrelated molecules [11]. We therefore speculate that exoB possesses
factors that confer angiogenic potential to HUVECs, in comparison
to exoA, however, the molecular mechanism of this phenomenon
was unclear. We next examined the expression levels of VEGFs and
their receptors (VEGFRs) in exosome-treated HUVECs. Generally,
VEGF-A binds to VEGFR1 and VEGFR2 and mostly induces angiogenesis, whereas VEGF-C and VEGF-D bind VEGFR3 to predominantly induce lymphangiogenesis [12]. Among the VEGF and
VEGFR family members tested, only the level of VEGFR2 was
increased in HUVECs after exoA and exoB treatment, and this was
observed with mRNA and protein (210 kDa) levels (Fig. 1DE).
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Fig. 1. Effects of the exosomes from SQUU-A or SQUU-B on HUVECs. (A) Tube formation assay of HUVECs treated with the exosomes (0.4 μg/well, equivalent amount to that
previously reported [4]) in Matrigel for 18 h. The experiments were performed three times in triplicate. Arrowheads show unpolarized cell aggregates. Scale bars: 500 μm.
(B) The number of branches (mean 7 SD)/ﬁeld formed at 18 h in the presence of vehicle, exoA, or exoB. N ¼6 separate wells. (C) Cell viability of HUVECs after treatment with
exosomes. HUVECs (1.0  104) placed onto 96-well culture plates were treated with vehicle or exosomes (0.4 μg/well). After 18 h, cell viability was determined by a WST8
assay using Cell Count Reagent SF (Nacalai Tesque Inc., Kyoto, Japan), and presented as the relative rate compared to control conditions. (D) Relative mRNA expression levels
of VEGFR1, VEGFR2, VEGFR3, VEGF-A, VEGF-C, and VEGF-D in HUVECs after vehicle or exosome-treatment for 18 h. GAPDH ampliﬁcation was used as an internal control. The
experiments were performed three times in triplicate. The error bars represent mean 7SD. *P o 0.05 and **Po 0.01 versus the control. ‡Po 0.05 and ‡‡Po 0.01 versus exoA
treatment. (E) Immunoblotting analysis of HUVECs after vehicle or each exosome treatment for 36 h for the above-mentioned targets. GAPDH and VE-cadherin were used as
a loading control and vascular endothelial cell marker, respectively.
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Fig. 2. Effects of exosomes from SQUU-A or SQUU-B on HDLECs. (A) Tube formation assay of HDLECs treated with the exosomes (0.4 μg/well, equivalent amount to that
previously reported [4]) in Matrigel for 18 h. The experiments were performed three times in triplicate. Scale bars: 500 μm. (B) The number of branches (mean 7 SD)/ﬁeld
formed at 18 h in the presence of vehicle, exoA, or exoB. N ¼ 6 separate wells. ***Po 0.001 versus the control. (C) Cell viability of HDLECs after treatment with exosomes.
HDLECs (1.0  104) placed onto 96-well culture plates were treated with vehicle or exosomes (0.4 μg/well). After 18 h, cell viability was determined by a WST8 assay using
Cell Count Reagent SF (Nacalai Tesque Inc., Kyoto, Japan), and presented as the relative rate compared to control conditions. (D) Relative mRNA expression levels of VEGFR1,
VEGFR2, VEGFR3, VEGF-A, VEGF-C, and VEGF-D in HDLECs after vehicle or exosome-treatment for 18 h. GAPDH ampliﬁcation was used as an internal control. The experiments
were performed three times in triplicate. The error bars represent mean 7 SD. *P o 0.05 and **Po 0.01 versus the control. ‡Po 0.05 and ‡‡P o 0.01 versus exoA treatment.
(E) Immunoblotting analysis of HDLECs after vehicle or each exosome treatment for 36 h for the above-mentioned targets. GAPDH and podoplanin were used as a loading
control and lymphatic endothelial cell marker, respectively.
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Therefore, we suggest that both types of exosomes have the
potential to sensitize vascular endothelial cells to tumor
angiogenesis.
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3.2. Effects of SQUU-A- and SQUU-B-derived exosomes on HDLECs
References
We next performed similar experiments on HDLECs. Herein,
there was a tendency for exoB to facilitate the production of more
tube shapes, compared to treatment with the vehicle or exoA
(Fig. 2A,B). There were no differences in cell viability (Fig. 2C)
among vehicle-, exoA-, and exoB-treated HDLECs. In addition,
mRNA levels of VEGFRs were upregulated by exoA and exoB,
whereas expression of all VEGFs was increased only by exoB, when
compared to expression after control treatment (Fig. 2D). These
results indicated the possibility that exoA and exoB contained
miRNA(s) that regulated the expression levels of these molecules,
because mRNA expression levels were altered for only 18 h.
Moreover, lymphangiogenesis-inducing VEGFR3, VEGF-C, and
VEGF-D proteins were produced at a higher level in exoB-treated
HDLECs than in vehicle-treated cells (Fig. 2E). It is also noteworthy
that VEGF-A, which was initially identiﬁed as an important promoter of angiogenesis [13] but can also induce tumor lymphangiogenesis [14], was signiﬁcantly increased by exoB at the
protein level. However, it is necessary to clarify if proteins were
secreted. These results suggest that exoB, having metastatic
potential [4,6], can potentiate lymphangiogenesis and angiogenesis, more so than exoA, which lacks metastatic potential [4,6].
Taken together, the exosomes from these two OSCC cell lines
facilitated HDLEC neogenesis, and this may deﬁne the mechanism
of metastasis, and hematogenous, or lymphatic spread.

4. Conclusions
The results of this study have important clinical implications.
First, exosomes from OSCCs can stimulate angiogenesis and lymphangiogenesis directly through actions on vascular and lymphatic
epithelial cells, and exosomes from highly metastatic cells have
stronger potential for tube formation. Second, our results suggest
the possibility that each type of epithelial cell has compatibility
with speciﬁc exosomes, which could facilitate hematogenous or
lymphatic tumor cell dissemination.
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