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Abstract

Kaposi’s sarcoma (KS) is the most common AlDS-associated malignancy etiologically caused by
Kaposi’s sarcoma-associated herpesvirus (KSHV). KS is a highly disseminated and vascularized
tumor comprised of poorly differentiated spindle-shaped endothelial cells. KSHV encodes 12 pre-
microRNAs (pre-miRNAS) that yield 25 mature miRNAs, but their roles in KSHV-induced tumor
dissemination and angiogenesis remain largely unknown. KSHV-encoded miR-K12-6 (miR-K6)
can produce two mature miRNAs, miR-K6-3p and miR-K6-5p. Recently, we have shown that
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miR-K6-3p promoted cell migration and angiogenesis by directly targeting SH3 domain binding
glutamate-rich protein (SH3BGR) (PLoS Pathog. 2016;12(4):e1005605). Here, by using mass
spectrometry, bioinformatics analysis and luciferase reporter assay, we showed that miR-K6-5p
directly targeted the coding sequence (CDS) of CD82 molecule (CD82), a metastasis suppressor.
Ectopic expression of miR-K6-5p specifically inhibited the expression of endogenous CD82 and
strongly promoted endothelial cells invasion /n vitro and angiogenesis /in vivo. Overexpression of
CD82 significantly inhibited cell invasion and angiogenesis induced by miR-K6-5p.
Mechanistically, CD82 directly interacted with c-Met to inhibit its activation. MiR-K6-5p directly
repressed CD82, relieving its inhibition on c-Met activation and inducing cell invasion and
angiogenesis. Deletion of miR-K6 from KSHV genome abrogated KSHV suppression of CD82
resulting in compromised KSHV activation of c-Met pathway, and KSHV-induced invasion and
angiogenesis. In conclusion, these results show that by inhibiting CD82, KSHV miR-K6-5p
promotes cell invasion and angiogenesis by activating the c-Met pathway. Our findings illustrate
that KSHV miRNAs may play an essential role in the dissemination and angiogenesis of KSHV-
induced malignancies.
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Introduction

Kaposi’s sarcoma-associated herpesvirus (KSHV) is an oncogenic virus involved in the
development of several human malignancies, including Kaposi’s sarcoma (KS), primary
effusion lymphoma (PEL), and multicentric Castleman’s disease (MCD)L. KS is a highly
angiogenic vascular tumor expressing mixed cellular markers?. It is characterized by
abnormally dense and irregular blood vessels, extravasated erythrocytes with hemosiderin
deposits, and vast inflammatory infiltration, as well as an abundance of inflammatory
cytokines (ICs), growth factors (GFs), angiogenic factors and invasive factors3. These
cytokines and factors, including vascular endothelial growth factor (VEGF), interleukin 6
(IL-6), tumor necrosis factor a (TNF-a.), angiogenin and matrix metalloproteinases
(MMPs), might promote the angiogenic phenotype in KS lesions*= and contribute to the
dissemination of KS involving visceral organs’: 8,

Like other herpesviruses, KSHV life cycle consists two phases: latency and lytic replication.
During latency, only a few viral genes are expressed, including latency-associated nuclear
antigen [LANA, open reading frame (ORF) 73], viral cyclin (vCyclin, ORF72), and viral
FLIP (vFLIP, ORF71); and these genes are essential for KSHV-induced tumorigenesis.
Besides these latent proteins, KSHV genome also encodes 12 precursor miRNAS (pre-miRs)
that are further processed into 25 mature miRNAs, all of which are highly expressed during
viral latency and in KS tumors?: 9-14,

MicroRNAs (miRNAs) are small non-coding RNASs that post-transcriptionally regulate gene
expression predominantly via binding to the 3'UTRs of mRNAs, leading to translational
inhibition®. The KSHV miRNAs regulate viral lytic reactivation, apoptosis, cell cycle,
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immune evasion, epigenetic regulation, cellular transformation, and angiogenesis by directly
regulating viral and/or host genes'6-44. For example, miR-K5, miR-K7-5p, miR-K9-5p,
miR-K3 and miR-K4, have been reported to maintain latency by directly or indirectly
targeting KSHYV lytic switch protein (RTA)6. 18.20. 21 \MiR-K1 maintains NF-xB-
dependent viral latency by targeting 1xBa3°. In addition, miR-K9 targets IRAK1
(interleukin-1 receptor-associated kinase 1) to mediate TLR/IL-1R signaling, resulting in
reduced inflammation; and miR-Kb5 also regulates TLR/IL-1R signaling by targeting
MYDB88 (myeloid differentiation primary response protein 88)2°. Moreover, miR-K3 and
miR-K7 inhibit the expression of C/EBPf (CCAAT/enhancer-binding protein p), a
transcriptional repressor of IL-6 and I1L-10, to promote cell growth of KSHV-infected cells
and angiogenesis33: 45, Our recent study showed that miR-K3 induced cell migration,
invasion and angiogenesis and enhanced viral latency by directly targeting G protein-
coupled receptor (GPCR) kinase 2 (GRK2), modulating CXCR2/AKT signaling

pathway*®: 47 We also found that miR-K6-3p contributed to cell migration and angiogenesis
by directly targeting SH3 domain binding glutamate-rich protein (SH3BGR), leading to the
activation of STAT3 pathway*8. Even though several functions of KSHV miRNAs have been
revealed, the roles of these miRNAs in the development of KSHV-related malignancies,
especially in KSHV-induced tumor dissemination and angiogenesis, remain unknown.

CD82 was identified as a metastasis suppressor 20 years ago*?, and is now widely
recognized as a biomarker in predicting metastatic potential of solid malignant tumors®. In
addition to suppressing tumor metastasis, CD82 was also reported to affect tumor
growth®: 52 and regulate various cellular functions, including cell adhesion, movement,
senescence, proliferation, and survival®3-60, Despite the fact that CD82 inhibits cell
migration and cancer invasion, its role in the pathogenesis of KS remains unclear.

KSHV miR-K®6 is processed into two mature miRNAs, miR-K6-3p and miR-K6-5p, which
are highly expressed in KSHV latently infected B cells6! and KS tumors®2. MiR-K6-3p has
been shown to promote endothelial cell migration and angiogenesis, implying that miR-
K6-5p might have a role in the development of KS tumors. In this study, we aimed to
examine the role of miR-K6-5p on cell mobility and angiogenesis. We found that miR-
K6-5p induced endothelial cell invasion and angiogenesis by directly targeting the CDS of
CD82. In addition, activation of c-Met pathway was required for miR-K6-5p-induced
endothelial cell invasion and angiogenesis, which was suppressed by CD82. Our findings
provide further insights into the molecular mechanism by which KSHV miRNAs contribute
to the pathogenesis of KSHV-associated malignancies.

Ectopic Expression of miR-K6-5p Promotes Endothelial Cell Invasion and Angiogenesis

We previously reported that KSHV miR-K6-3p contributed to cell migration and
angiogenesis by regulating the SH3BGR/STAT3 pathway*8. Considering that miR-K6-5p
was derived from the same precursor miRNA with miR-K6-3p, we wondered whether miR-
K6-5p could also contribute to KSHV-induced tumor dissemination and angiogenesis. To
address this issue, we first transduced HUVECs with lentivirus expressing miR-K6-5p
(Figure 1a). Luciferase reporter assay showed that miR-K6-5p significantly inhibited the
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activity of pGL3-miR-K6-5p sensor reporter, indicating that the miR-K6-5p expression
construct was functional in HUVECs (Figure 1b). Then, we conducted transwell migration
and Matrigel invasion assays to determine whether miR-K6-5p had any effect on cell
motility. As shown in Figures 1c and 1d, ectopic expression of miR-K6-5p in endothelial
cells markedly enhanced cell invasion when compared to cells expressing the vector control.
However, we did not observe any effect of miR-K6-5p on cell migration (Supplementary
Figure S1). To assess the effect of miR-K6-5p on angiogenesis, we performed a tubule
formation assay and found that ectopic expression of miR-K6-5p dramatically increased
tube formation in HUVECs compared to control cells (Figures 1e and f). Moreover,
expression of miR-K6-5p increased the levels of MMP10 and VEGFA mRNA transcripts
(Figure 1g), which are known to promote cell invasion and angiogenesis.

We further determined the effect of miR-K6-5p on KSHV-induced angiogenesis in an /n
vivo chick chorioallantoic membrane (CAM) angiogenesis model. Expression of miR-K6-5p
increased the angiogenesis index (Figures 2a and b). We also performed an /n vivo Matrigel
plug angiogenesis assay to confirm these observations. Hemoglobin of the plugs was
strikingly increased with miR-K6-5p overexpression (Figures 2c and d and Supplementary
Figure S2). Hematoxylin and eosin (H&E) staining showed extensive dense
neovascularization and erythrocyte infiltration in the miR-K6-5p plugs (Figures 2e). We then
examined the levels of smooth muscle actin (SMA), a marker of the vascular and lymphatic
endothelial cells, and VEGFA and b-FGF, both are pro-angiogenic factors by
immunohistochemistry. As shown, there were more SAM-, VEGFA- and b-FGF-positive
cells in plugs induced by miR-K6-5p than those of control plugs (Figures 2e and f).
Consistent with these results, the levels of MMP10 and VEGFA mRNAs were significantly
elevated in plugs of miR-K6-5p-transduced HUVECs (Figure 2g). These results indicated
that miR-K6-5p promoted endothelial cell invasion and angiogenesis.

miR-K6-5p Induces Cell Invasion and Angiogenesis by directly Targeting the CDS of CD82

Gene

To identify the targets that mediate miR-K6-5p-induced cell invasion and angiogenesis, we
examined proteins differentially expressed in miR-K6-5p- and mpCDH-transduced
HUVECs by mass spectrometry analysis. Among the downregulated cellular proteins (Table
1), five proteins had miR-K6-5p putative binding sites in their 3'UTR or CDS based on the
results of bioinformatics analysis with programs including TargetScan, RNAhybrid, Findtar,
and Pita (Table 2). Luciferase reporter assay indicated that miR-K6-5p suppressed luciferase
activity of both CD82 and BAGALT5 CDS reporter (Figure 3a). However, miR-K6-5p can
only reduce CD82 protein expression (Figure 3b), which was chosen for further validation.
Moreover, the mMRNA level of CD82 was markedly down-regulated in miR-K6-5p-
expressing HUVECs compared to cells expressing the control vector (Figure 3c). In KSHV-
infected HUVECS, both protein and mRNA levels of CD82 were also dramatically reduced
compared to the mock-infected control (Figures 3d and €). Consistent with these
observations, there were less CD82-postive cells in KS lesion compared to the normal skin
tissue as shown by IHC staining (Figures 3f and g).
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As shown in Figure 4a, miR-K6-5p inhibited the reporter activity of CD82 CDS in a dose-
dependent fashion. RT-gPCR and Western blotting confirmed that miR-K6-5p attenuated the
expression of CD82 in a dose-dependent manner (Figures 4b and c). To evaluate the direct
effect of miR-K6-5p on CD82, we performed cotransfection of miR-K6-5p mimics along
with a CD82 expression plasmid and a pEGFP-N2 plasmid into HUVECs and HEK293T
cells, respectively. Western blotting indicated that miR-K6-5p strongly inhibited the
expression of exogenous CD82 in a dose-dependent manner but not that of EGFP, which was
used as a control for transfection efficiency (Figure 4d).

To further confirm that CD82 is the direct target of miR-K6-5p, we performed mutagenesis
with the CD82 CDS reporter and miR-K6-5p (Figure 4e). Mutation of the putative binding
site abolished the inhibitory effect of miR-K6-5p on CD82 CDS reporter activity; however,
the mutant mimic lacking the seed sequence failed to inhibit the CD82 CDS reporter activity
(Figure 4f). The mutant mimic designed to match the CD82 CDS mutation (Figure 4e)
exhibited a strong inhibitory effect on the mutant CDS reporter (Figure 4f). Consistent with
these results, mimic of miR-K6-5p suppressed the expression of endogenous CD82 in
HUVECs while the mutant mimic of miR-K6-5p lacking the seed sequence did not (Figure
49). The expression level of CD82 in HUVECS transfected with miR-K6-5p mimic was
similar to that of KSHV infection (Figure 4h). These results indicated that miR-K6-5p
directly targeted the CD82 CDS.

To examine the role of CD82 in miR-K6-5p-induced cell invasion and angiogenesis, miR-
K6-5p-expressing HUVECSs were transduced with lentivirus-CD82 and further analyzed for
invasion and angiogenesis activities. Overexpression of CD82 significantly abolished miR-
K6-5p-induced invasion at 6 and 12 h post-seeding (Figures 5a and b). Meanwhile,
overexpression of CD82 blocked tube formation of HUEVCs induced by miR-K6-5p
(Figures 5c and d). Consistently, overexpression of CD82 decreased the expression of
MMP10 and VEGFA on mRNA levels (Figure 5e). Western blotting confirmed the
suppression of endogenous CD82 by miR-K6-5p (Lane 3 vslane 1 in Figure 5f).
Transduction with lentivirus-CD82 increased CD82 expression (Lanes 2 and 4 in Figure 5f).
Furthermore, CAM and Matrigel plug assays showed that overexpression of CD82 inhibited
miR-K6-5p-induced angiogenesis in vivo (Figures 5g—j and Supplementary Figure S3).
Consistent with these observations, overexpression of CD82 reduced the expression of
MMP10 and VEGFA transcripts in miR-K6-5p-induced plugs (Figure 5k).

Suppression of CD82 Activates the c-Met Signaling, Which is Required for miR-K6-5p-
Induced Cell Invasion and Angiogenesis

It has been reported that CD82 inhibited the HGF receptor c-Met by attenuating the
crosstalk between c-Met and integrin, and integrin-dependent crosstalk between c-Met and
Src, leading to reduction of invasion and growth of cells®3: 64, CD82 and c-Met were also
reported to co-localize at the cell periphery and form a complex®®. Given these findings, we
reasoned that c-Met may also be involved in CD82 mediated miR-K6-5p-induced cell
invasion and angiogenesis. Indeed, KSHV latently infected HUVECS had increased the level
of c-Met phosphorylation®8. Importantly, expression of miR-K6-5p alone in endothelial cells
was sufficient to increase c-Met phosphorylation (Supplementary Figure S4a).
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Overexpression of CD82 in miR-K6-5p-expressing HUVECS inhibited c-Met activation
(Supplementary Figure S4b), indicating that CD82 down-regulated c-Met activity in
endothelial cells. We examined the physiological interaction between CD82 and c-Met in the
current system. Co-immunoprecipitation assay indeed showed that CD82 interacted with c-
Met in endothelial cells (Supplementary Figures S4c—f). Overexpression of CD82 increased
the amount of CD82-immunoprecipiated c-Met and reduced the level of activated c-Met
(Supplementary Figures S4c and d). Similarly, interaction of CD82 and c-Met was also
observed in c-Met-transfected HUVECs (Supplementary Figures S4e and f). Consistently,
overexpression of CD82 reduced the level of activated c-Met. Under this condition, we could
detect colocalization of CD82 with c-Met by confocal microscope (Supplementary Figure
S4g). In addition, knockdown of CD82 with shRNAs was sufficient to increase the
phosphorylated c-Met level (Supplementary Figures S4g and 5). These data indicated that
CD82 directly interacted with c-Met to inhibit its activation, and miR-K6-5p directed
repression of CD82 to relieve its inhibition of c-Met phosphorylation, resulting in higher
level of c-Met activation.

Next, we explored whether c-Met activation mediated miR-K6-5p-induced cell invasion and
angiogenesis. As expected, transduction of a mixture of ShRNAs to knock down c-Met
expression (shc-Met; Figure 6a and Supplementary Figure S6) reduced miR-K6-5p-induced
invasion and tube formation (Figures 6b and c), as well as levels of MMP10 and VEGFA
transcripts (Figure 6d). Matrigel plug assay showed that knock down of c-Met diminished
miR-K6-5p-induced angiogenesis in vivo (Figure 6e), and blocked miR-K6-5p induction of
MMP10, and VEGFA (Figure 6f). We further used a selective c-Met inhibitor PF-2341066
to confirm the role of c-Met activation in miR-K6-5p-induced cell invasion and
angiogenesis. PF-2341066 not only decreased the level of phosphorylated c-Met (Figure 6g)
but also inhibited cell invasion and tube formation (Figures 6h and i) in HUVECs transduced
with miR-K6-5p. Collectively, these results suggest that activation of the c-Met pathway
mediated miR-K6-5p-induced cell invasion and angiogenesis.

Deletion of miR-K6 from KSHV Genome Attenuates KSHV-induced Cell Invasion and
Angiogenesis

In our previous study, we have already shown that deleted miR-K6 from KSHV genome
inhibited KSHV-induced cell migration and tube formation“8. Here, we found that deleted
miR-K6 also decreased the levels of cell invasion (Figures 7a and b). Importantly, cells
infected by the mutant virus increased CD82 expression and reduced c-Met phosphorylation
compared to cells infected by the WT virus (Figure 7c). As we previously showed, cells
infected by the mutant virus had decreased level of VEGFA. Compared to cells infected by
the WT virus, those cells infected by the mutant virus also had a decreased level of MMP10
mMRNA but an increased level of CD82 mRNA (Figure 7d). Furthermore, inhibition of miR-
K6-5p by transfecting a specific inhibitor into WT KSHV-infected HUVECSs reduced cell
invasiveness and the extent of angiogenesis (Supplementary Figure S7).

Interestingly, knockdown of CD82 with a mixture of ShRNAs (shCD82) in mutant cells was
sufficient to increase the level of activated c-Met (Figure 8a and Supplementary Figure S5),
and partially increased cell invasiveness and the extent of angiogenesis (Figures 8b and c).
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Consistent with these results, overexpression of c-Met in miR-K6_mut-infected cells
increased cell invasion and angiogenesis (Figures 8d—f). Overexpression of miR-K6-5p in
the mutant cells also increased in cell invasion and angiogenesis (Supplementary Figure S8).
Taken together, these results indicated that in the context of KSHV infection, miR-K6-5p
promoted cell invasion and angiogenesis by targeting CD82 to activate the c-Met pathway.

Discussion

CD82, a protein of 267 amino acids, is a type 11l transmembrane protein belonging to the
tetraspanin superfamily, which is widely distributed in normal tissues®0. CD82 contains four
transmembrane domains, an N and a C cytoplasmic domain, a large extracellular loop
(LEL), a small extracellular and an intercellular loop®3. The transmembrane domains contain
three highly conserved polar residues, an Asn, a GIn, and a Glu polar residue; they interact
with each other and with transmembrane domains of other tetraspanins®’. CD82 was
initially identified as a metastasis suppressor of prostate cancer, and later reported to
suppress metastasis in a variety of solid malignant tumors, such as colon, gastric,
hepatocarcinoma, thyroid and breast cancers®8. However, whether CD82 expression is
involved in the development and progression of KS has not been investigated. In this study,
we found that CD82 expression in KS tumors was lower than in normal skin tissues. We also
showed that KSHV infection reduced CD82 expression. In addition, KSHV miR-K6-5p
directly targeted CD82 to suppress its expression. In the context of KSHV infection, miR-
K6-5p reduced the expression of metastasis suppressor CD82, and induced cell invasion and
angiogenesis, which might contribute to the development and progression of KS.

c-Met, encoded by proto-oncogene Met, is a receptor tyrosine kinase mainly expressed in
epithelial and endothelial cells®®. c-Met is overexpressed in a variety of human tumors, such
as thyroid, gastric, pancreatic, breast, prostate, cervical and endometrial cancers’%-76, c-Met
is the only known high-affinity receptor for hepatocyte growth factor (HGF), also known as
scatter factor (SF)77: 78, Upon binding with HGF, c-Met activates a wide range of pathways,
including those involved in regulating tumor invasion, metastasis and angiogenesis’®. A
previous study reported that KSHV activates the HGF/c-Met pathway /n vitroand in vivo. A
c-Met inhibitor induced apoptosis of KSHV-positive PEL cells and effectively suppressed
PEL tumor progression Jin vivo by inducing cell cycle arrest and DNA damage®6. These
reports imply that the HGF/c-Met pathway might be a potential therapeutic target for KSHV-
induced tumors. In this report, we found that KSHV latently infected HUVECSs had
increased level of c-Met phosphorylation. Moreover, we demonstrated that ectopic
expression of miR-K6-5p alone in HUVECS was sufficient to induce c-Met signaling while
deletion of miR-K6 from the KSHV genome significantly decreased the phosphorylation
level of c-Met in KSHV-infected endothelial cells. Thus, miR-K6-5p promotes cell invasion
and angiogenesis in part by inducing aberrant c-Met signaling during KSHV infection. Our
study is the first report to show that the activation of c-Met pathway is important for the
pathogenesis of KS, and reveal a novel role of c-Met signaling in the metastasis and
angiogenesis of KSHV-associated tumors.

Oncogene. Author manuscript; available in PMC 2017 November 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lietal.

Page 8

CD82 has been demonstrated to suppress integrin-induced invasion by inhibiting integrin-
dependent crosstalk with c-Met receptor and Src kinases®3. It is also reported that CD82
inhibits HGF-stimulated phosphorylation of c-Met at Y1313 and Y1365 without affecting c-
Met expression80. CD82 expression selectively attenuated c-Met signaling via
phosphatidylinositol 3-kinase/Akt signaling but had no effect on the activity of the MAPK
pathway80, CD82 inhibited HGF-dependent c-Met activity by forming a complex with
GM254 and CD82 and c-Met could form a complex to attenuate c-Met signaling by
inhibiting adapter protein binding to the c-Met tyrosine residue5. These findings suggests
that in normal cells, CD82, which presents in highly quantities, binds to c-Met, leading to
reduced c-Met activation, hence inhibiting the progression of human tumors. In this study,
we showed that KSHV miR-K6-5p suppressed CD82 expression to release c-Met leading to
its activation, therefore contributing to KSHV-induced cell invasion and angiogenesis.

Several studies have identified functions of KSHV pre-miR-K6. For example, miR-K6-5p
silenced the cellular transcription factor MAF (musculoaponeurotic fibrosarcoma oncogene
homolog) to induce endothelial cell reprogramming, and thereby contributed to KSHV-
induced oncogenesis®l. miR-K6-5p also increased angiogenesis in vitro by targeting
breakpoint cluster region (Bcr)39. On the other hand, miR-K6-3p, derived from the same
precursor miRNA with miR-K6-5p, inhibited TGF-f activity by directly suppressing the
expression of tumor suppressor thrombospondin 1 (THBS1) to regulate cell adhesion,
migration, and angiogenesis3®. In addition, miR-K6-3p contributed to KSHV-induced
angiogenesis by regulating SH3BGR/STAT3 pathway*8. In the current study, we showed
that either inhibition of CD82 or overexpression of c-Met did not totally reverse KSHV-
induced cell invasion and angiogenesis. These results were consistent with the previous
studies, indicating that besides the CD82/c-Met pathway, pre-miR-K6 might target other
cellular genes to induce cell invasion and angiogenesis.

Activation of c-Met results in the recruitment of effector proteins such as growth-factor-
receptor-bound protein 2 (Grb2)82. Grb2 binding is linked to c-Met downstream signaling
pathways, including key components of oncogenic signaling Ras, Rac1 and p21-activated
kinase (PAK) involved in cell proliferation, cytoskeletal rearrangement and motility83. miR-
K6-5p has been shown to increase Rac1 activity by repressing Ber expression3®. In the
current study, by directly inhibiting CD82 expression, miR-K6-5p might also contribute to
activation of Rac1-PAK pathway by enhancing c-Met activation (Figure 8g).

Interestingly, we found that ectopic expression of miR-K6-5p alone did not affect the
activity of cell migration (Supplementary Figure S1), and in our previous study, miR-K6-3p
was shown to have no effect on cell invasion?®. However, deletion of pre-miR-K6 from the
KSHV genome abolished miR-K6-5p signaling, which was sufficient to suppress KSHV-
induced cell migration and invasion. Therefore, by encoding two synergistic mature
miRNAs with different functions, pre-miR-K6 might enhance the dissemination and
invasion of KSHV-associated tumors.

It was initially believed that functional mammalian miRNA recognition sequences might be
located preferentially in the 3’ UTR of target mMRNAs. However, more and more miRNA
target sites within coding regions have been found in recent studies®*. In this study, we have
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also found that miR-K6-5p binding site is located in the coding region of CD82 rather than
3'UTR.

In summary, we have revealed that miR-K6-5p directly targets the CD82/c-Met pathway to
promote endothelial cell invasion and angiogenesis (Figure 8g). The current findings further
extend the regulatory networks of KSHV miRNAs and their multiple targets. The essential
roles of KSHV miRNAs in KSHV-induced tumor dissemination and angiogenesis illustrate
that these miRNAs and their regulated proteins and pathways could serve as novel
therapeutic targets of KSHV-associated cancers.

Materials and Methods

Cell Culture

Plasmids

Primary human umbilical vein endothelial cells (HUVECSs) were isolated from human
umbilical cords by digesting the interior of the umbilical vein with collagenase (Sigma, St.
Louis, MO, USA) and cultured in complete EBM-2 culture media (LONZA, Allendale, NJ,
USA)85. HUVECSs were used between passage 3 and 6. ISLK-BAC16 cells and iSLK-
BAC16 AmiR-K6 cells were maintained as previously described86. HEK293T were obtained
from American Type Culture Collection (ATCC, Rockville, MD) and cultured in Dulbecco’s
modified Eagle’s medium (DMEM) +10% FBS. All cells were cultured at 37°C ina
humidified, 5% CO, atmosphere.

The construct pGL3-CD82 CDS and the mutant CD82 CDS construct were generated by
cloning the full length and mutant CD82 CDS sequences into the downstream of the
luciferase sequence in the pGL3-Control plasmid (Promega, Shanghai, China), respectively.
Human CD82 gene with a His tag at the C-terminus (P HAGE-CD82) was generated using
the cDNA of HUVECs as PCR templates and inserted into the lentiviral transferring plasmid
PHAGE as previously described8”: 88, The miRNA (miR-K6-5p) expressing plasmid was
constructed by two steps: First, the miR-30 precursor stem-loops plus RFP coding sequences
were amplified from the pTRIPZ plasmid (Open Biosystems, AL, USA) and inserted into
another lentiviral plasmid pCDH-CMV-MCS-EF1-copGFP (System Bioscience, CA, USA)
to create a new lentiviral plasmid, which has GFP and RFP two signals and was designed as
modified pCDH (mpCDH)*. Second, the precursor stem-loops of miR-K6-5p was amplified
using primers (forward) 5'-CAG AAG GCT CGA GAA GGT ATATTG CTG TTG ACA
GTG AGC G-3” and (reverse) 5 -CTA AAG TAG CCC CTT GAA TTC CGA GGC AGT
AGG CA-3’ and cloned into mpCDH. Meanwhile, the mpCDH plasmid was used for the
short hairpin RNA (shRNA) expressing lentiviral vector. ShRNA complementary sequences
to CD82 and c-Met were listed in Table 3. The pCMV3-Flag-c-Met construct containing c-
Met cDNA was purchased from Sino Biological Inc. (Beijing, China). The plasmid pEGFP-
N2 contained the enhanced green fluorescent protein (eGFP) gene fused to the
cytomegalovirus IE gene promoter was from CLONTECH Laboratories (Palo Alto, CA,
USA). In this study, pHAGE was used as a control of pHAGE-CD82 while a modified
pCDH (mpCDH for short) was used as a control for the miR-K6-5p expression construct and
all the shRNA expression constructs.
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Antibodies, Western-Blotting, Transfection and Reagents

An anti-KSHV LANA rat monoclonal antibody (MAb) was purchased from Advanced
Biotechnologies Inc. (Columbia, MD, USA)8. The anti-phospho-c-Met (Y1356) rabbit
polyclonal antibody (PAb) was obtained from Abcam (Cambridge, MA, USA). The anti-c-
Met rabbit MAb and anti-Flag M2 rabbit MAb were obtained from Cell Signaling
Technologies (Beverly, MA, USA). The anti-CD82 rabbit PAb, anti-b-FGF goat PAb, anti-
GAPDH mouse MAD, anti-a-Tubulin mouse MAb, and horseradish peroxidase (HRP)-
conjugated goat anti-mouse or anti-rabbit 1gG were all purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The anti-His mouse MAb, anti-GFP rabbit antibody,
and anti-mouse immunoglobulin G (1gG) were from Beyotime Institute of Biotechnology
(Nantong, Jiangsu, China). Western-blotting analysis was performed as previously
described®0: 91, Transfection of HUVECs was performed with the Effectence transfection
reagent (Qiagen, Valencia, CA, USA) while transfections in other cells were performed with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s
instructions. PF-2341066, a c-Met inhibitor, was purchased from Selleck Chemicals
(Shanghai, China).

Generation of WT or Mutant miR-K6 Recombinant Viruses

KSHV BAC16 virus and miR-K6 mutant viruses were generated as described in the previous
studies*8. 92,

Lentiviral Transduction

To obtain the recombinant lentiviruses, HEK293T cells were transfected with lentiviral
plasmids, packaging vector psPAX2 and envelope vector pMD2.G as previously described?3.
The viruses were collected from the culture supernatant 48 h after transfection.

Transwell Migration and Matrigel Invasion Assays

Transwell migration and Matrigel invasion assays were performed as previously
described*6: 48, Briefly, 1.2 x 105 HUVECs were seeded in top of the chamber after the
chamber was coated with 40 ul matrigel mixed with 20 pl basic medium. After 6 h and 12 h
incubation at 37°C, cells were fixed with 70% methanol and stained with 0.5% crystal violet
solution. The cells at the bottom of the membrane were counted by two observers in a
double-blind manner and the average cell number per field for each well was calculated. For
each experiment, at least three replicate wells were used and the representative images were
taken from five randomly selected fields of each well.

RT-gPCR

Total RNA was isolated from cells by Trizol reagent (Invitrogen, Carlsbad, CA, USA).
cDNA was synthesized from equal total RNA using Promega Reverse-Transcription Kit
(Promega, Madison, WI) according to the manufacturer’s instructions. The sequences of
specific primers of RT-gPCR for several genes were listed in Table 4. gPCR was performed
using SYBR Premix Ex Tag Kit (TaKaRa Biotechnology Co. Ltd., Dalian, China) according
to the manufacturer’s instructions.
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Protein Extraction, TMT Protein Labeling, Mass Spectrometry, and Data Analysis

Mass spectrometry analysis was done as previously described*8. Peptide digests were
analyzed by nanoscalereversed phase liquid chromatography (Easy-nLC, Thermo Fisher
Scientific Inc.) coupled online with an LTQ-OrbitrapVelos mass spectrometer (Thermo
Fisher Scientific Inc.). Spectra were searched using Maxquant (version 1.2.2.5), and results
were filtered to 1% FDR at the unique peptide level using the COMPASS software suite.

Immunohistochemistry (IHC)

The clinical section of the research was reviewed and approved by the Institutional Ethics
Committee of the First Affiliated Hospital of Nanjing Medical University (Nanjing, China;
Study protocol # 2015-SR-116). Written informed consent was obtained from all
participants, and all samples were anonymized. All participants were adults. The KS clinical
tissue specimens and the normal skin tissue specimens were provided by the First Affiliated
Hospital of Nanjing Medical University for hematoxylin and eosin (H&E) and
immunohistochemistry (IHC) staining. Sections of formalin-fixed and paraffn-embedded
samples were stained with the indicated antibodies as previously described4® 93, The
expression level was estimated by calculating the percentage of positive cells.

Chicken Chorioallantoic Membrane (CAM) Assay

CAM assay was performed as previously described87: 88.94_ Briefly, cells were mixed with
High Concentration Matrigel (BD Biosciences), and inoculated onto the CAM of 9-day-old
embryos through the false gas chamber hole. After implantation for 4 days, the CAM was
harvested and examined under stereomicroscope. The blood vessels were counted by two
observers in a double-blind manner. Assays for each treatment were carried out using 8-day-
old embryos.

Matrigel Plug Assay for Angiogenesis in Nude Mice

The animal experiments were approved by the Institution of Animal Care and Use
Committee of Nanjing Medical University (Animal protocol # NJMU/
IACUC_2013-8-18-01). All animal care and use protocols were performed in accordance
with the Regulations for the Administration of Affairs Concerning Experimental Animals
approved by the State Council of People’s Republic of China. Matrigel plug assay was
performed as previously described®”: 94, In brief, 3-4-week-old male athymic BALB/c nu/nu
mice (Nanjing Biomedical Research Institute of Nanjing University, Nanjing, China) were
maintained under pathogen-free conditions. Cell aliquots (1 x 107 cells in 0.2 ml of serum-
free medium) were mixed with 0.4 ml of High Concentration Matrigel (BD Biosciences,
Bedford, MA, USA), and the mixture was immediately injected subcutaneously into the
right flanks of nude mice. The mice were killed 10 days after the injection, and the Matrigel
plugs were removed from the mice. The hemoglobin content of the Matrigel was determined
using Drabkin’s reagent kit (Sigma-Aldrich) according to the manufacturer’s instructions.
The final hemoglobin concentration was calculated from a standard calibration curve after
spectrophotometric analysis at 540 nm. For all animal studies, animals were randomly
chosen. Concealed allocation and blinding of outcome assessment were used. No statistical
method was used to predetermine sample sizes.
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Microtubule Formation Assay

The microtubule formation assay was performed on micro-slide Angiogenesis ibiTreat
(ibidi, Martinsried, Germany) coated with 10 ul of Matrigel (BD Biosciences) as previously
described8. Tubule formation was quantified by counting the number of branching points
and measuring the total length of the capillary tubes by two observers in a double-blind
manner in at least five images using NIH Image software.

Co-immunoprecipitation (Co-I1P)

Immunoprecipitation was performed using a standard protocol as previously described?8,
Briefly, cells were collected, rinsed, and lysed. Lysates were clarified, and the supernatants
were subjected to immunoprecipitation using specified antibody. After extensive washing
with the lysis buffer, the precipitated material was separated by SDS-PAGE and analyzed by
immunoblotting.

Confocal Microscopy

The immunofluorescence staining was carried out as previously described®”. In brief, cells
were cultured on glass bottom cell culture dishes, fixed and washed. Mouse MAb to CD82
(Abcam, Cambridge, MA, USA) and rabbit PAb to phospho-c-Met (Y 1356) were labeled
with secondary Alexa Fluro 555-conjugated anti-rabbit and Alexa Fluro 488-conjugated
anti-mouse antibodies (Invitrogen), respectively. The cells were counterstained with DAPI.
Images were observed and recorded with a Zeiss Axiovert 200M epifluorescence
microscope (Carl Zeiss Inc., Freistaat Thulringen, Germany).

Statistical Analysis

Quantitative data were presented as mean + SD. Statistical analysis was based on chi-square
test for Figure 2f and 3g, and two-side Student’s £test for the remaining figures. £< 0.05
was considered statistically significant. All the experiments were repeated three times,
unless otherwise stated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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_Figt_Jre 1. Ectopic expression of miR-K 6-5p promotes endothelial cellsinvasion and angiogenesis
In vitro

(a). HUVECs were transduced with lentivirus empty vector (mpCDH; top) and lentivirus-
miR-K6-5p (miR-K 6-5p; bottom), and representative images were taken under the light
microscope (Phase) and fluorescent microscope (RFP) (Original magnification, x100).

(b). Luciferase activity was detected in lentivirus empty vector (mpCDH) or lentivirus-miR-
K6-5p (miR-K 6-5p) transduced HUVECs followed by transfection with the pGL3-Control
(Control) or the pGL3-miR-K6-5p sensor reporter (Sensor). ** £< 0.01 for Student’s #test
versus mpCDH group.

(c). Matrigel invasion assay with HUVECs transduced with lentivirus empty vector
(mpCDH) or lentivirus-miR-K6-5p (miR-K 6-5p). The representative images were captured
at 6 h and 12 h post seeding (original magnification, x100).

(d). The quantified results of Matrigel invasion assay in (c). The quantified results represent
the mean + SD. Three independent experiments, each with five technical replicates, were
performed.

(e). Microtubule formation assay for HUVECs transduced with lentivirus empty vector
(mpCDH; top) or lentivirus-miR-K6-5p (miR-K 6-5p; bottom). The representative images
were captured under the light microscope (Phase) and fluorescent microscope (RFP) at 2
and 5 h post seeding (original magnification, x100).

(f). The quantified results of microtubule formation assay in (€). The quantified results
represent the mean + SD. Three independent experiments, each with five technical
replicates, were performed.
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(9). The mRNA expression levels of MMP10 and VEGFA in HUVECSs treated as in (a) were
determined by RT-qPCR. The quantified results represent the mean + SD. Three independent
experiments, each with four technical replicates, were performed. *** £< 0.001 for
Student’s #test versus mpCDH group.
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Figure 2. Ectopic expression of miR-K 6-5p promotes endothelial cell angiogenesisin vivo
(a). HUVECs transduced with lentivirus empty vector (mpCDH) or lentivirus-miR-K6-5p

(miR-K 6-5p) were examined for their proangiogenic effects in a CAM model as described
in the “Materials and Methods” section. Representative photographs of angiogenesis are
shown.

(b). The quantification of results in (). The number of blood vessels was normalized to that
of Matrigel alone. Data represent mean + SD, each group with at least five tumors. Three
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independent experiments were performed. ** £< 0.01 for Student’s £test versus mpCDH
group.

(c). HUVECs treated as in (a) were examined for their proangiogenic effects in Matrigel
plug assay in nude mice as described in the “Materials and Methods” section. Representative
photographs of angiogenesis in the nude mice are shown.

(d). The hemoglobin level of the Matrigel plugs treated as in (c) was determined with
hemoglobin content calculated based on the standard curve. Data represent mean + SD, each
group with at least five tumors. Three independent experiments were performed. *** P<
0.001 for Student’s #test versus mpCDH group.

(e). Hematoxylin and eosin (H&E) staining analysis of histologic features (original
magnification, x400) and immunohistochemical (IHC) staining analysis of the expression of
SMA (original magnification, x400), VEGFA (original magnification, x400) and b-FGF
(original magnification, x400) in plugs induced by HUVECs transduced with mpCDH or
miR-K6-5p. Black arrows point to neovascularization and hemorrihagic foci in H&E
staining sections and the SMA in IHC staining sections, respectively.

(f). Quantification of results in (€). *** P< 0.001 for chi-square test versus mpCDH group.
(9). The mRNA expression of MMP10 and VEGFA in the Matrigel plugs treated as in (c)
were determined by RT-gPCR. The quantified results represent the mean + SD. Three
independent experiments, each with four technical replicates, were performed. ** £< 0.01
and *** P<0.001 for Student’s #test versus mpCDH group.
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Figurle 3. CD82 expression isdownregulated in miR-K 6-5p-expressing HUVECs and KSlesion
samples

(a). T_uciferase activity was detected in HEK293T cells co-transfected by a mimic of miR-
K6-5p (miR-K 6-5p) or a negative control nucleotide (Neg. Ctrl.) together with pGL3-
Control (pGL 3-Control), pGL3-TCF3 3"UTR luciferase reporter (TCF3-3’UTR), pGL3-
CD82 CDS luciferase reporter (CD82-CDS), pGL3-B4GALT5 3’UTR luciferase reporter
(B4GALT5-3'UTR), pGL3-B4GALT5 CDS luciferase reporter (BAGATL5-CDS), pGL3-
APP 3’UTR luciferase reporter (APP-3’UTR) or pGL3-GANAB 3"UTR luciferase reporter
(GANAB-3’UTR) for 24 h. The relative reporter activity level of the Neg. Ctrl. group was
set as “1” for comparison. ** P< 0.01 for Student’s £test versus Neg. Ctrl. group.

(b). The expression of CD82 and BAGALTS5 protein in HUVECs transduced with lentivirus
empty vector (mpCDH) or lentivirus-miR-K6-5p (miR-K 6-5p) was detected by Western-
blotting. Results shown were from a representative experiment of three independent
experiments with similar results.

(c). The mRNA level of CD82 in HUVECs transduced with lentivirus empty vector
(mpCDH) or lentivirus-miR-K6-5p (miR-K 6-5p) was examined by gPCR. The quantified
results represent the mean + SD. Three independent experiments, each with three technical
replicates, were performed. *** £< 0.001 for Student’s #test versus mpCDH group.
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(d). Western-blotting analysis of CD82 protein in KSHV-infected HUVECs (KSHV) as
described in the ‘Materials and Methods’ section or in HUVECS treated with PBS as the
negative control (M ock). Results shown were from a representative experiment of three
independent experiments with similar results.

(e). gPCR analysis for CD82 mRNA in KSHV-infected HUVECs (K SHV) as described in
the *Materials and Methods’ section or in HUVECS treated with PBS as the negative control
(Mock). The quantified results represent the mean £+ SD. Three independent experiments,
each with four technical replicates, were performed. *** P< 0.001 for Student’s #test versus
Mock group.

(f). Hematoxylin and eosin (H&E) staining of KS lesion (right) and normal skin (left) to
show histologic features (top panel; original magnification, x200) and immunohistochemical
(IHC) staining of KSHV LANA and CD82 (middle and bottom panels, respectively; original
magnification, x200).

(9). Quantification of results in (f). *** £< 0.001 for chi-square test versus Normal skin
group.
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Figure4. The CD82 CDSisdirectly targeted by miR-K6-5p
(a). Luciferase assay with HEK293T cells co-transfected with the pGL3-CD82 CDS reporter

together with an increasing amount (10, 20, and 40 nM) of negative control nucleotide (Neg.
Ctrl.) or a mimic of miR-K6-5p (miR-K 6-5p) for 24 h.

(b). The mRNA level of CD82 in HUVECs and HEK?293T transfected with an increasing
amount (10, 20, and 40 nM) mimic of miR-K6-5p or a negative control for 48 h was
examined by gPCR. The quantified results represent the mean + SD. Three independent
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experiments, each with four technical replicates, were performed. * < 0.05 and ** < 0.01
for Student’s #test versus Neg. Ctrl. group.

(c). HUVECs and HEK?293T cells transfected with an increasing amount (20 and 40 nM)
mimic of miR-K6-5p or negative control for 48 h. The transfected cells were collected and
Western-blotting was performed with the indicated antibodies. Results shown were from a
representative experiment of three independent experiments with similar results.

(d). miR-K6-5p inhibited the expression of exogenous CD82 protein by targeting its CDS.
Western-blotting was performed with HUVECs and HEK293T cells co-transfected by
pHAGE-CD82, together with pEGFP and increasing amounts (20 and 40 nM) mimic of
miR-K6-5p.

(e). Schematic illustration of the putative seed sequences of miR-K6-5p complementary with
CDB82 CDS and mutagenesis of the putative binding sites in the CDS of CD82.

(f). Effect of mutation of the putative binding site on the CD82 CDS reporter. After co-
transfection of CD82 wild type CDS (WT CD82) or the mutant CD82 CDS reporter
construct (mut CD82) together with a negative control nucleotide of miRNA (Neg. Ctrl.), a
mimic of miR-K6-5p (miR-K 6-5p) or a mutant mimic of miR-K6-5p (mut miR-K 6-5p) for
24 h in HEK293T cells, cells were collected and assayed for luciferase activity. * < 0.05
and ** P<0.01 for Student’s £test versus Neg. Ctrl. group.

(9). Mutant miR-K6-5p failed to target endogenous CD82 in HUVECs. A miRNA negative
control nucleotide (Neg. Ctrl.), a mimic of miR-K6-5p (miR-K6-5p mimic; 40 nM) or a
mutant mimic of miR-K6-5p (mut miR-K 6-5p) lacking the seed sequences were transfected
into HUVECs for 48 h, respectively. The transfected cells were collected and Western-
blotting was performed with the indicated antibodies. Results shown were from a
representative experiment of three independent experiments with similar results.

(h). Inhibition of CD82 expression by miR-K6-5p following transfection with a mimic (40
nM) and by KSHV following infection. Results shown were from a representative
experiment of three independent experiments with similar results.

Oncogene. Author manuscript; available in PMC 2017 November 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Lietal.

W mpCDH + pHAGE
W mpCDH + CO82

W miR-KE-5p + pHAGE
B miR-K5-5p + CDE2

6h
Invading cells/field

12h
Angiogenesis index in vitro

mpCDH + CDE:

Page 27

W mpCDH + pHAGE
= mpCOH + COB2

W miR-KE-5p + pHAGE
= miR-KE-5p + €082

— |
29 T |
| . |I I ‘I
o M RS
2h 5h

= mpCOH + pHAGE

2

miR-K6-5p W miR-KE-5p + pHAGE
W miR-KE-5p + CD82

2h

Fold change of mRNA in vitro
s ~ -

—,

|—Y] s
l______§

=---:
I
]

mpCOH  + +
miR-K6-5p
pHAGE Mr

His-CD8&2 (KDa)

e

Anti-His - 46

GAPDH m 7

+
1+ + 1

5h

=

W pHAGE
= CD82

#0004

_n‘ca
. B
miR-K6-5p ol ll

: pHAGE . . 6&0‘,‘.@*@
! &

Angiogenesis index in vivo

Hemaoglobin level (mglmL)

W pHAGE
W CDa2

£ 00027

=

o

0o

o,
T

mpCOH + pHAGE

' mpCOH +CDaz

]
H
i

I
&

&

CAM

B MiRKE-5p + BHAGE

W miR-KE-5p + CO82

Fold change of mRNA in vivo
=

PLUG in mice

MMP10  VEGFA

Figure 5. Overexpression of CD82 inhibits miR-K 6-5p-induced cell invasion and angiogenesisin
vitro and in vivo

(a). Matrigel invasion assay for HUVECs transduced with lentivirus-mediated miR-K6-5p
(miR-K 6-5p) or empty vector (MpCDH), which were subsequently co-transduced with
lentivirus-CD82 (CD82) or its control pHAGE (pHAGE), respectively. The representative
images were captured at 6 h and 12 h post seeding (original magnification, x100).
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(b). Quantification of results in (a). The quantified results represent the mean £ SD. Three
independent experiments, each with five technical replicates, were performed. * £< 0.05
and *** £<0.001 for Student’s £test.

(c). Microtubule formation assay for HUVECS treated as in (a). The representative images
were captured at 2 h and 5 h post seeding (original magnification, x100).

(d). Quantification of results in (c). The quantified results represent the mean + SD. Three
independent experiments, each with five technical replicates, were performed. * £< 0.05
and ** £<0.01 for Student’s ~test.

(e). The mRNA expression levels of MMP10 and VEGFA in HUVECs treated as in (a) were
determined by qPCR. The quantified results represent the mean + SD. Three independent
experiments, each with four technical replicates, were performed. ** £< 0.01 and *** P<
0.001 for Student’s #test.

(f). Western blotting was performed in HUVECS treated as in (&) with the indicated
antibodies. The antibody against His-tag was used to detect the exogenous expression of
CD82. Results shown were from a representative experiment of three independent
experiments with similar results.

(9). HUVEC:s treated as in (@) were examined for their proangiogenic effects in CAM model
as described in the “Materials and Methods” section. Representative photographs of
angiogenesis are shown.

(h). Quantification of results in (g). The number of blood vessels was normalized to that of
Matrigel alone. Data represent mean + SD, each group with at least five tumors. Three
independent experiments were performed and similar results were obtained.

(i). HUVECs treated as in (a) were examined for their proangiogenic effects in Matrigel
plug assay in nude mice as described in the “Materials and Methods” section. Representative
photographs of angiogenesis in the nude mice are shown.

(). The hemoglobin level of the Matrigel plugs treated as in (1) was determined with
hemoglobin content calculated based on the standard curve. Data represent mean + SD, each
group with six tumors (n=6). Three independent experiments were performed and similar
results were obtained.

(k). The mRNA expression levels of MMP10 and VEGFA in the Matrigel plugs treated as in
() were determined by qPCR. The quantified results represent the mean + SD. Three
independent experiments, each with four technical replicates, were performed. * £< 0.05,
** P<0.01 and *** £<0.001 for Student’s £test.
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Figure 6. Activation of c-Met, which is negatively regulated by CD82, contributesto miR-K 6-5p-
induced endothelial cell invasion and angiogenesis

(a). Western-blotting analysis of phosphorylated c-Met in HUVECS transduced with
lentivirus-mediated empty vector (MpCDH) or miR-K6-5p (miR-K 6-5p), and further
transduced with lentivirus-mediated a mixture of short hairpin RNAs targeting c-Met (shc-
M et). Results shown were from a representative experiment of three independent

experiments with similar results.
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(b). Matrigel invasion assay for HUVECs treated as in (a). The quantified results represent
the mean + SD. Three independent experiments, each with five technical replicates, were
performed. * £< 0.05 and ** P< 0.01 for Student’s #test.

(c). Microtubule formation assay for HUVECS treated as in (a). The quantified results
represent the mean + SD. Three independent experiments, each with five technical
replicates, were performed. * £< 0.05, ** P< 0.01 and *** P< 0.001 for Student’s #test.
(d). The mRNA expression levels of MMP10 and VEGFA in HUVECs treated as in (a) were
determined by qPCR. The quantified results represent the mean £+ SD. Three independent
experiments, each with three technical replicates, were performed. * £< 0.05 and ** P<
0.01 for Student’s £test.

(e). HUVECs treated as in (a) were examined for their proangiogenic effects in Matrigel
plug assay in nude mice as described in the “Materials and Methods” section. The
hemoglobin levels of the Matrigel plugs were determined with hemoglobin content
calculated based on the standard curve. Data represent mean = SD, each group with at least
six tumors. Three independent experiments were performed and similar results were
obtained.

(f). The MRNA expression levels of MMP10 and VEGFA in the Matrigel plugs treated as in
(e) were determined by gPCR. The quantified results represent the mean + SD. Three
independent experiments, each with four technical replicates, were performed. * £<0.05
and ** P<0.01 for Student’s £test.

(9). Western-blotting analysis of phosphorylated c-Met and total c-Met in HUVECs
transduced with lentivirus-mediated empty vector (mpCDH) or miR-K6-5p (miR-K 6-5p)
and further treated with the c-Met inhibitor, PF-2341066 (PF-2341066) or its control

(DM SO). Results shown were from a representative experiment of three independent
experiments with similar results.

(h). Matrigel invasion assay for HUVECs treated as in (g). The quantified results represent
the mean + SD. Three independent experiments, each with five technical replicates, were
performed. * < 0.05 and ** £< 0.01 for Student’s #test.

(). Microtubule formation assay for HUVECs treated as in (g). The quantified results
represent the mean + SD. Three independent experiments, each with five technical
replicates, were performed. * £< 0.05 and ** £< 0.01 for Student’s #test.
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Figure 7. Deletion of miR-K 6 from KSHV genome attenuates KSHYV induction of endothelial cell
invasion and angiogenesis

(a). Matrigel invasion assay for HUVECSs were treated with PBS (PBS), infected with
BAC16 KSHV wide type virus (KSHV_WT) or BAC16 KSHV miR-K6 deletion mutant
virus (miR-K6_Mut). The representative images were captured at 6 h and 12 h post seeding
(original magnification, x100).

(b). Quantification of the results in (a). The quantified results represent the mean + SD.
Three independent experiments, each with five technical replicates, were performed. * P<
0.05 and *** P < 0.001 for Student’s £test.
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(c). Western-blotting analysis of expression of CD82, phosphorylated c-Met and total c-Met
in HUVECs treated as in (a) with the indicated antibodies. Results shown were from a
representative experiment of three independent experiments with similar results.

(d). The mRNA levels of MMP10 and CD82 in HUVECSs treated as in (a) were determined
by RT-qPCR. The quantified results represent the mean £+ SD. Three independent
experiments, each with four technical replicates, were performed. * £<0.05, ** P< 0.01
and *** P< 0.001 for Student’s £test. 7.5, not significant.
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Figt_Jre 8. C_D82/c-Met signaling partially mediates miR-K 6-induced endothelial cell invasion and
angiogenesis

(a). Western blotting analysis of expression of CD82, phosphorylated c-Met and total c-Met
in HUVECs infected with BAC16 KSHV wide type virus (KSHV_WT) or BAC16 KSHV
miR-K6 deletion mutant virus (miR-K6_Mut) and further transduced with lentiviruses
expressing a mixture of short hairpin RNAs targeting CD82 (shCD82). Results shown were
from a representative experiment of three independent experiments with similar results.
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(b). Matrigel invasion assay for HUVECs treated as in (a). The quantified results represent
the mean + SD. Three independent experiments, each with five technical replicates, were
performed. * £< 0.05 and ** P< 0.01 for Student’s #test.

(c). Microtubule formation assay for HUVECS treated as in (a). The quantified results
represent the mean + SD. Three independent experiments, each with five technical
replicates, were performed. * £< 0.05, ** P< 0.01 and *** P< 0.001 for Student’s #test.
(d). Western-blotting analysis of expression of phosphorylated c-Met and total c-Met in
HUVECs infected with BAC16 KSHV wide type virus (KSHV_WT) or BAC16 KSHV
miR-K6 deletion mutant virus (miR-K6_Mut) and further transfected with pCMV3-Flag-c-
Met construct (c-Met) or its control pCMV3-C-Flag (pCMV). The antibody against Flag-
tag was used to detect the exogenous expression of c-Met. Results shown were from a
representative experiment of three independent experiments with similar results.

(e). Matrigel invasion assay for HUVECs treated as in (d). The quantified results represent
the mean + SD. Three independent experiments, each with five technical replicates, were
performed. * £<0.05 and ** £< 0.01 for Student’s #test.

(f). Microtubule formation assay for HUVECs treated as in (d). The quantified results
represent the mean + SD. Three independent experiments, each with five technical
replicates, were performed. * < 0.05, ** < 0.01, and *** £< 0.001 for Student’s £test.
(9). Schematic illustration of the mechanism by which miR-K6-5p promotes endothelial cell
invasion and angiogenesis. In normal endothelial cells, CD82 binds to c-Met resulting in
inhibition of c-Met activation. During KSHV infection, miR-K6-5p targets and inhibits
CD82 expression releasing c-Met from CD82 inhibition, leading to the activation of c-Met
pathway, and ultimately promotes endothelial cell invasion and angiogenesis.
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Table 3

The sequences of the sShRNAs

Gene shRNA No.

Sequence of shRNA (5" to 3")

c-Met  shl
sh2
CD82 shil
sh2

CUGUCAGAGGAUACUGCACTT
UCUUCUUCCCAGUGAUAACCATT
AAAGGCUGUUGUCCUCUUCTT
AAUGAGGAUCAGGAGCAGGTT
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Table 4

The sequences of specific primers for gPCR

Target Application  Primer

MMP10 RT-gPCR F:5'- GGACCTGGGCTTTATGGAGATAT -3’
R:5'- CCCAGGGAGTGGCCAAGT -3’

VEGFA RT-gPCR F:5-CTTGCCTTGCTGCTCTACCT -3’
R:5'-GATTCTGCCCTCCTCCTTCT -3’

CD82 RT-qPCR F:5'- GCTCATTCGAGACTACAACAGC -3’
R:5'- GTGACCTCAGGGCGATTCA -3’

B-actin RT-qPCR F:5'- TTGCCGACAGGATGCAGAAGGA -3’

R:5’- AGGTGGACAGCGAGGCCAGGAT -3’
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