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Leptin promotes VEGF-C production 
and induces lymphangiogenesis 
by suppressing miR-27b in human 
chondrosarcoma cells
Wei-Hung Yang1,2,3,4,*, An-Chen Chang5,*, Shih-Wei Wang6, Shoou-Jyi Wang7, 
 Yung-Sen Chang1, Tzu-Ming Chang8, Shao-Keh Hsu8, Yi-Chin Fong9,10 & Chih-Hsin Tang11,12,13

Chondrosarcoma is the second most frequently occurring type of bone malignancy that is characterized 
by the distant metastasis propensity. Vascular endothelial growth factor-C (VEGF-C) is the chief 
lymphangiogenic mediator, and makes crucial contributions to tumor lymphangiogenesis. Leptin is 
an adipocytokine and has been indicated to facilitate tumorigenesis, angiogenesis and metastasis. 
However, the effect of leptin on VEGF-C regulation and lymphangiogenesis in human chondrosarcoma 
has hugely remained a mystery. Our results showed a clinical correlation between leptin and VEGF-C as 
well as tumor stage in human chondrosarcoma tissues. We further demonstrated that leptin promoted 
VEGF-C production and secretion in human chondrosarcoma cells. The conditioned medium from 
leptin-treated chondrosarcoma cells induced lymphangiogenesis of human lymphatic endothelial cells. 
We also found that leptin-induced VEGF-C is mediated by the FAK, PI3K and Akt signaling pathway. 
Furthermore, the expression of microRNA-27b was negatively regulated by leptin via the FAK, PI3K and 
Akt cascade. Our study is the first to describe the mechanism of leptin-promoted lymphangiogenesis by 
upregulating VEGF-C expression in chondrosarcomas. Thus, leptin could serve as a therapeutic target in 
chondrosarcoma metastasis and lymphangiogenesis.

Human chondrosarcoma is the second most frequently occurring type of bone malignancy which chiefly occurs 
in adults over 40 years of age1. Chondrosarcoma has been identified as the invasive and pathologically diverse 
malignant tumor with poor disease progression2,3. Currently, the surgical resection is a major treatment of chon-
drosarcoma, due to conventional radiotherapy and chemotherapy are mostly invalid. The relapse usually occurs 
following surgical resection since the potential for metastatic propensity. The need for a specific targeted therapy 
to impede the metastasis of chondrosarcoma remains urgent4.

Metastasis is the primary cause of cancer death worldwide. The initial stage of metastasis in most human can-
cer is metastatic spread to sentinel lymph nodes5,6. Tumors can promote the production of lymphatic vessels via 
secretion of lymphangiogenic factors, and that tumor lymphangiogenesis has been implicated in the correlation 
with lymph node metastasis in many types of human cancer7,8. Vascular endothelial growth factor-C (VEGF-C) 
is most important lymphangiogenic mediator, acting predominantly through VEGF receptor-3 (VEGFR-3) that 
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is specifically expressed in lymphatic endothelial cells (LECs). The VEGF-C and VERFR-3 interaction has been 
reported to mediate LECs proliferation, survival, migration and tube formation during lymphangiogenic pro-
cess9. Recent studies have revealed that tumor cells secreted VEGF-C plays a key role during lymphatic metastasis 
and tumor-associated lymphangiogenesis6. Moreover, clinical evidences suggest the existence of a relationship 
between tumor expressing VEGF-C and the disease progression of cancer in various tumor types, including 
melanoma, pancreatic, breast, colorectal and lung cancer10–14. Blockade of tumor-mediated lymphangiogenesis 
has been reported to markedly inhibit cancer metastasis. Therefore, the identification of mechanisms underlying 
VEGF-C-mediated lymphangiogenesis is necessary for discovering novel prognostic and therapeutic strategies 
of cancer15,16.

MicroRNAs (miRNAs) are small noncoding RNAs molecules that interfering with the translation or stabil-
ity of target transcripts17,18. They integrating to the 3′ untranslated region (3′ UTR) of mRNA and regulate gene 
expression through complementary base pairing19,20. Increasing studies have reported that miRNAs control pro-
gression and metastasis of human cancer cells. miRNAs have been proposed to intervene numerous functions of 
cancer cells, including survival, apoptosis, autophagy, migration, invasion, angiogenesis and lymphangiogenesis21. 
Several investigations demonstrate that miRNAs inhibit lymphangiogenesis and tumor dissemination through 
the dysregulation of miR/VEGF-C signaling22,23. miR-128 has been reported to inhibit lymphangiogenesis in 
human lung cancer cells by directly suppressing VEGF-C expression24. miR-206 also abrogates the expression and 
secretion of VEGF-C, and subsequently inhibits tumor lymphangiogenesis in pancreatic cancer25. Furthermore, 
miR-101 has been documented to suppress migration and invasion via negatively regulating VEGF-C expression 
in bladder cancer and cholangiocarcinoma cells, respectively26. Nevertheless the effect of miRNA in regulating 
VEGF-C production in human chondrosarcoma cells is poorly understood.

Leptin, 16 kDa product of ob gene, is secreted and expressed by adipocytes which is interacted with leptin 
receptor (OBR)27. Compelling evidences indicate that leptin is associated with tumourigenesis and metastasis 
in several types of cancer28,29. We previously reported that leptin enhances cell migration through activation of 
integrin α vβ 3 and increases VEGF-A-dependent tumor angiogenesis in human chondrosarcoma30,31, implying 
that leptin is involved in the metastasis of chondrosarcoma. However, it is still not well-recognized whether lep-
tin increases VEGF-C expression to facilitate tumor-associated lymphangiogenesis in human chondrosarcoma. 
In present study, we examined the effect of leptin in VEGF-C-mediated lymphangiogenesis, and evaluated the 
involvement of miRNA in human chondrosarcoma cells.

RESULTS
Leptin and VEGF-C display a significant crosstalk in human chondrosarcoma tissues. Our pre-
vious reported that leptin facilitates tumor metastasis and angiogenesis in human chondrosarcoma30,31. We indi-
cated that the leptin expression is highly correlated with tumor stage according to the IHC analysis of human 
chondrosarcoma tissues. To characterize the role of leptin in tumor lymphangiogenesis of chondrosarcoma, we 
first analyzed the expression profile of VEGF-C in specimens of chondrosarcoma patients. The VEGF-C expres-
sion was higher in tumor specimens than in normal tissues (Fig. 1A). Accordingly, the high level of VEGF-C 
expression correlated significantly with tumor stage (Fig. 1B). We quantitated the IHC results and found the lep-
tin and VEGF-C expression have high positive relationship in human chondrosarcoma patients (Fig. 1C). These 
results suggest that leptin is strongly associated with VEGF-C expression and tumor stage in chondrosarcoma 
patients.

Leptin induces VEGF-C-mediated lymphangiogenesis. Next we examine the effects of leptin 
in VEGF-C production and lymphangiogenic process. Incubation of a chondrosarcoma cell line (JJ012 cells) 
increased VEGF-C mRNA expression and protein secretion (Fig. 2A,B). In addition, leptin also promotes 
other VEGF families including VEGF-A (our previous report has been documented)30 and VEGF-B expression 
(Supplementary Fig. S1). To observe whether leptin-dependent VEGF-C expression promoted lymphangiogen-
esis, the migration and tube formation activity in LECs were examined32. The conditioned medium (CM) from 
leptin-stimulated JJ012 cells increased migration and tube formation activity in LECs (Fig. 2C,D). Conversely, 
VEGF-C mAb but not IgG control abolished leptin-mediated effects (Fig. 2C,D), implying that leptin promotes 
lymphangiogenesis through a VEGF-C-dependent pathway.

Leptin promotes VEGF-C expression via the FAK/PI3K/Akt pathway. Long form OBR recep-
tor (OBRl) has been reported to mediate leptin-induced chondrosarcoma metastasis and angiogenesis30,31. 
Transfection of JJ012 cells with OBRl AS-ODN but not MM-ODN inhibited leptin-increased VEGF-C expres-
sion (Fig. 3A), indicating OBRl involved leptin-increased VEGF-C production in human chondrosarcoma cells. 
Focal adhesion kinase (FAK) is recently been implicated in tumor progression processes such as angiogenesis, 
lymphangiogenesis and metastasis33. Pretreatment with FAK inhibitor or FAK siRNA transfection reversed the 
leptin-enhanced the expression of VEGF-C (Fig. 3B–E). Besides, leptin also increased the phosphorylation of 
FAK time-dependently (Fig. 3F).

PI3K/Akt is a downstream pathway in FAK signaling34. We therefore studied whether leptin also activates 
PI3K/Akt signaling pathway. Similarly, PI3K inhibitors (LY294002 and wortmannin) and p85 siRNA or Akt 
inhibitor and Akt1 siRNA abolished leptin-increased VEGF-C expression (Fig. 3B–E). PI3K and Akt phospho-
rylation were increased after leptin treatment (Fig. 3F). Conversely, pretreatment with FAK inhibitor markedly 
diminished leptin-induced p85 phosphorylation (Fig. 3G). Furthermore, FAK inhibitor, LY294002 and wortman-
nin also reduced leptin-promoted phosphorylation of Akt (Fig. 3H). These results indicated that leptin enhances 
VEGF-C production in chondrosarcoma via the FAK, PI3K and Akt pathways.
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Leptin enhances VEGF-C production and lymphangiogenesis by down-regulating miR-27b.  
Emerging studies have indicated that miRNAs are important regulators of lymphangiogenesis and VEGF-C 
expression during cancer progression21,22. miRNA target prediction using open-source software (www.TargetScan.
org and www.microrna.org) revealed that the 3′ UTR region of VEGF-C mRNA harbors potential binding sites for 
miR-27b. Exogenous leptin reduced the expression of miR-27b concentration-dependently (Fig. 4A). To explore 
miR-27b involvement in leptin-induced VEGF-C and lymphangiogenesis, miR-27b mimic was used; transfection 
with miR-27b mimic diminished leptin-induced VEGF-C expression (Fig. 4B,C). On the other hand, transfec-
tion with miR-27b mimic enhanced miR-27b expression (Supplementary Fig. S2). Conversely, miR-27b mimic 
also diminished leptin-promoted LECs migration and tube formation (Fig. 4D,E). Furthermore, FAK inhibitor, 
LY294002, wortmannin and Akt inhibitor reversed leptin-inhibited miR-27b expression (Fig. 4F), indicating that 
leptin increases VEGF-C production and lymphangiogenesis by suppressing miR-27b expression via the FAK, 
PI3K and Akt pathways.

Next we study whether miR-27b manages the 3′ UTR region of VEGF-C, the wild-type and mutant binding site 
of VEGFC-3′ UTR luciferase plasmids were used (Fig. 4G). The results show that leptin increased luciferase activ-
ity in the wt-VEGFC-3′ UTR plasmid (Fig. 4H). Nevertheless, leptin did not affect the luciferase activity in the 
mt-VEGFC-3′ UTR plasmid (Fig. 4H). In addition, treatment with FAK inhibitor, LY294002, wortmannin and Akt 
inhibitor diminished leptin-promoted wt-VEGFC-3′ UTR luciferase activity (Fig. 4I), suggesting that miR-27b  
inhibites the protein expression of VEGF-C via integrating to the 3′ UTR region of the human VEGF-C gene 
through FAK, PI3K and Akt pathways.

Inhibiting leptin expression suppresses lymphangiogenesis in vivo. Here, we found that leptin 
promoted VEGF-C expression in chondrosarcomas and enhanced LECs lymphangiogenesis. It is critical to pin-
point the role of leptin in vivo. Previously, we established JJ012 cells stably expressing leptin shRNA, in which 
we found that the expression of leptin was decreased in leptin shRNA stable clones30. In this study, leptin knock-
down significantly reduced the expression of VEGF-C (Fig. 5A,B) and increased miR-27b expression (Fig. 5C). 
CM collected from JJ012/control shRNA promoted LEC cell migration and tube formation, but this activity was 
decreased during incubation with CM collected from JJ012/leptin shRNA (Fig. 5D,E). In addition, transfection 
with miR-27b inhibitor rescued leptin shRNA-inhibited LEC cell migration and tube formation (Fig. 5D,E). We 
also previously found that leptin knockdown reduced tumor growth in mice compared with the JJ012/control 
shRNA group34. Here, we used IHC staining to examine the level of lymphangiogenesis. Analysis revealed that 
leptin knockdown impedes the expression of lymphatic markers LYEC and VEGF-C (Fig. 5F) and inhibits lym-
phangiogenesis in vivo.

Figure 1. The leptin and VEGF-C expression in normal cartilage and chondrosarcoma patients. (A) Human 
normal cartilages or chondrosarcoma tissues were IHC stained with anti-VEGF-C antibody. The quantitative 
data are shown in (B,C) The correlation of leptin, VEGF-C and tumor stage.

http://www.TargetScan.org
http://www.TargetScan.org
http://www.microrna.org
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DISCUSSION
Although chondrosarcoma is a relatively rare human cancer, the notorious aggressiveness of chondrosarcoma 
is due to its metastatic potential and poor prognosis4. Lymphangiogenesis is an indispensable step for cancer 
metastasis, facilitating cancer development by the generation of new lymphatic vessels5. Accumulating evidences 
demonstrate that increased levels of VEGF-C promotes tumor relapse and poor prognosis, and thus VEGF-C 
represents a potential target for preventing lymphatic metastasis6,15. Here we indicate the clinical significance of 
leptin and VEGF-C in specimens of chondrosarcoma patients. In summary, we show that leptin increases the 
expression and secretion of lymphangiogenic factor VEGF-C by down-regulating miR-27b via FAK, PI3K, and 
Akt pathways in human chondrosarcoma cells (Fig. 6), and thereby promotes lymphangiogenesis in human LECs, 
indicating that leptin and miR-27b may be the novel molecular targets to restrict VEGF-C-mediated lymphangi-
ogenesis in chondrosarcoma microenvironment.

The first step of metastasis is cancer cells invasion to lymphatic system7. The lymphatic endothelium, 
which comprises LECs, is a specialized endothelium and is distinct from the vascular endothelium35. Tumor 
lymphatic vessels serve as a pivotal route for metastatic cancer cells, due to their leaky nature and secretion of 
tumor-recruiting factors9. More understanding of molecular mechanisms underlying tumor lymphangiogenesis 
will provide new insights in the process of metastasis. However, the study of lymphangiogenesis has been impeded 
by the difficulties in the isolation and propagation of LECs from different organs36,37. To conquer the above lim-
itations, we used a “conditionally immortalized” of human LECs cell line, which transformed with the human  
telomerase reverse transcriptase (hTERT), and maintain their ‘lymphatic’ endothelial characteristics after repeated 

Figure 2. Leptin promotes lymphangiogenesis by VEGF-C production in human chondrosarcoma. JJ012 
cells were stimulated with leptin for 24 h, the VEGF-C mRNA level and protein expression in culture medium 
were measured by qPCR (A) and ELISA (B). JJ012 cells were stimulated with leptin for 24 h, or preincubated 
with IgG control antibody or VEGF-C antibody (1 μ g/mL) for 30 min then incubated with leptin (300 nM) for 
24 h. The incubated media were collected and defined as conditioned medium (CM). The CM were added to 
LECs and examined tube formation activity (C). The CM were also added into the lower chamber of Transwell. 
The LECs were applied in the upper chamber and the migrated LECs was quantified (D). The quantitative 
results were expressed as mean ±  SEM. * P <  0.05 as compared with control group; #P <  0.05 as compared with 
leptin-treated group.
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passages. This immortalized human LECs keep the ability to sprout, elongate, migrate and reorganize to form the 
capillary-like tube structure within 4–8 h, a process called tube formation, and this function of LECs represents 
the major process of lymphangiogenesis. In this study, we found that CM from leptin-treated cells profoundly 
stimulated tube formation of human LECs. On the contrary, knockdown of leptin suppressed CM-induced LECs 
tube formation. These results provide evidences that leptin-mediated VEGF-C production induces lymphangio-
genesis in vitro. Furthermore, we found that levels of leptin and VEGF-C in clinical specimens from patients with 
chondrosarcoma were correlated with tumor stage, implying that leptin may be a candidate prognostic indica-
tor for chondrosarcoma progression. These findings support the notion that leptin and VEGF-C might serve as 
promising targets for therapeutic intervention to block cancer progression and metastasis.

Evidence indicates that FAK, a potential candidate signaling molecule, mediates cancer metastasis38. Here, we 
report that both FAK inhibitor and siRNA antagonized leptin-promoted the production of VEGF-C. Incubation 
of chondrosarcoma cells with leptin increased phosphorylation of FAK, suggesting that FAK activation plays a 
crucial role in leptin-increased VEGF-C production and lymphangiogenesis. Conversely, PI3K/Akt activation is 
an important downstream event of FAK signaling39. In the current study, inhibition of PI3K and Akt by pharma-
cologic inhibitors or genetic siRNAs reduced VEGF-C production. We also found that leptin enhanced PI3K and 
Akt phosphorylation, and was inhibited by FAK inhibitor. These findings show that FAK-dependent PI3K/Akt 
pathway play a key role in leptin-increased VEGF-C expression and lymphangiogenesis.

Small non-coding miRNAs, the average length of approximately 18 to 22 nucleotides, negatively regulate 
gene expression by either translational repression or mRNA cleavage through integrating to 3′ UTR sequences 
of goal mRNA17,21. Inhibited biogenesis of miRNAs has been widely observed in human cancer22. Accumulating 
evidences further indicate that numerous miRNAs can impede cancer progression via direct suppression of 
VEGF-C. miR-101, miR-128, miR-206 and miR-1826 have been documented to reduce tumor growth, lym-
phangiogenesis and metastasis by targeting VEGF-C in a variety of human cancer cells24–26,40–42. Current study 
showed that leptin markedly repressed miR-27b expression in human chondrosarcoma cells in vitro and in vivo. 
Transfection with miR-27b mimic antagonized leptin-induced VEGF-C production and LECs tube formation. 
Strikingly, we revealed that miR-27b directly inhibited protein production of VEGF-C through binding to the 
3′ UTR of the human VEGF-C gene, thereby negatively regulating VEGF-C-upregulated lymphangiogenesis. 
Thus, these findings provide information on the potential miRNA-based molecular diagnosis and treatment for 
VEGF-C-mediated tumor lymphangiogenesis.

Materials and Methods
Materials. Rabbit monoclonal antibodies specific for p85, p-p85, Akt, p-Akt, FAK, and FAK as well as anti-
mouse and anti-rabbit IgG-conjugated horseradish peroxidase were purchased from Santa Cruz Biotechnology 

Figure 3. The FAK/PI3K/Akt pathway is mediated by leptin-induced VEGF-C expression. (A) JJ012 cells 
were transfected with oligonucleotide against OBRl for 24 h then incubated with leptin for 24 h. The VEGF-C 
mRNA level was measured by qPCR. JJ012 cells were pretreated with indicated pharmacological inhibitors or 
pretransfected with indicated siRNAs then incubated with leptin for 24 h. The VEGF-C mRNA level and protein 
expression in culture medium were measured by qPCR (B,C) and ELISA (D,E). JJ012 cells treated with leptin 
for the indicated time were applied to western blotting with antibodies against FAK, PI3K, and Akt pathway 
(F). JJ012 cells pretreated with indicated pharmacological inhibitors then incubated with leptin for 15 min were 
applied to western blotting with antibodies against PI3K (G) and Akt (H) pathway. The quantitative results were 
expressed as mean ±  SEM. * P <  0.05 as compared with control group; #P <  0.05 as compared with leptin-treated 
group.
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(Santa Cruz, CA, USA). Rabbit monoclonal antibodies specific for VEGF-C and control IgG were purchased from 
Abcam (Cambridge, MA, USA). The ELISA kit for VEGF-C was obtained from PerpoTech (Rocky Hill, NJ, USA). 
The recombinant human VEGF-C was obtained from R&D Systems (Minneapolis, MN, USA). The human chon-
drosarcoma tissue array was obtained from Biomax (Rockville, MD, USA). The Matrigel was purchased from BD 
Biosciences (Bedford, MA, USA). The OBRl antisense and missense oligonucleotide (ODN) were purchased from 
MDBio (Taipei, Taiwan)31. The Trizol, Lipofectamine 2000, MMLV RT kit, miR-27b mimic, miR-27b inhibitor 
and control miRNA were obtained from Invitrogen (Carlsbad, CA, USA). The siRNAs against p85, Akt1, FAK, 
and control were obtained from Dharmacon Research (Lafayette, CO, USA). The TaqMan assay kit and TaqMan 
MicroRNA Reverse Transcription Kit were obtained from Thermo Fisher Scientific (Grand Island, NY, USA). 
LY294002 and other pharmacological inhibitors were purchased from Sigma-Aldrich (St. Louis, MO, USA)

Cell culture. The human chondrosarcoma cells line (JJ012) was obtained from Dr. Sean P. Scully (University 
of Miami School of Medicine, Miami, FL). Cells were maintained in humidified air containing 5% CO2 at 37 °C 
with Dulbecco’s modified Eagle’s medium (DMEM)/α -minimum essential medium (MEM), 10% fetal bovine 

Figure 4. Leptin promotes VEGF-C via downregulation of miR-27b. (A) JJ012 cells were treated with leptin 
for 24 h and the miR-27b was detected by qPCR. JJ012 cells were pretransfected with indicated miRNA then 
incubated with leptin for 24 h. The VEGF-C mRNA level and protein expression in culture medium were 
measured by qPCR (B) and ELISA (C). The CM were added to LECs and examined tube formation activity  
(D). The CM were also added to Transwell and examined LECs migration activity (E). JJ012 cells pretreated 
with indicated pharmacological inhibitors then incubated with leptin were applied to qPCR for miR-
27b expression (F). Schematic the target site of miR-27b on VEGF-C 3′ UTR (G). JJ012 cells transfected 
with VEGF-C promoter-luciferase plasmids and then treated with leptin (H) or pretreated with indicated 
pharmacological inhibitors next incubated with leptin for 24 h (I) were subjected to luciferase activity assay. 
The quantitative results were expressed as mean ±  SEM. * P <  0.05 as compared with control group; #P <  0.05 as 
compared with leptin-treated group.
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serum (FBS), 100 units/ml penicillin and 100 μ g/ml streptomycin (Gibco-BRL Life technologies; Grand Island, 
NY, USA)

The human telomerase-immortalized human dermal lymphatic endothelial cells (hTERT-HDLECs), an 
immortalized human LEC line, was purchased from Lonza (Walkersville, MD, USA). These immortalized human 
LECs represent CD31 positive/podoplanin positive, and retain their ability to uptake acetylated LDL and induce 
tube formation. The human LECs were grown in EGM-2 MV BulletKit Medium consisting of EBM-2 basal 
medium plus SingleQuots kit (Lonza). Cells were seeded onto 1% gelatin-coated plastic ware and cultured at 
37 °C with 5% CO2. We obtained the cryopreserved human LECs line from Lonza as passage 1, and maintained 
these cells according to manufacturer’s instructions as well as used between passages 5 and 10 for experiments 
described herein.

Collection of conditioned medium and ELISA assay. JJ0112 cells were stimulated with leptin or pretreated  
with pharmacological inhibitors for 30 min or pretransfected with siRNA or miR-27b mimic for 24 h. Cells were 
then incubated with serum-free medium for 2 days. The medium was collected as conditioned medium (CM) 
and examined the expression of VEGF-C by VEGF-C ELISA kit according to the procedure described by the 
manufacturer.

LECs tube formation assay. LECs were resuspended at a density of 5 ×  104/100 μ L in culture medium 
(50% EGM-2 MV BulletKit Medium and 50% chondrosarcoma cell CM) and added to the 48-well plates which 
pre-coating with 150 μ L Matrigel. LECs tube formation was photographed after 6 h and quantified by counting 
the tube branches.

Western blotting. Cellular lysates were prepared from our prior study43. Proteins were resolved on 
SDS-polyacrylamide gel electrophoresis and then transferred to polyvinyldifluoride membranes. The blot 
membranes were blocked with 4% non-fat milk for 1 hr at room temperature, followed by incubation with pri-
mary antibodies at 4 °C for overnight. After washing three times, the blots were incubated with anti-rabbit or 
anti-mouse HRP-conjugated secondary antibodies for 1 hr at room temperature. Finally, the blots were visualized 

Figure 5. Leptin knockdown decreases lymphangiogenesis in vivo. The expression of VEGF-C and miR-27b 
in indicated cells were analyzed by qPCR (A,C), western blotting (A) and ELISA (B). The CM were added to 
LECs and examined tube formation activity (D). The CM were also added to Transwell and examined LECs 
migration activity (E). After 28 days injected with indicated cells in mice, the tumors were embedded in paraffin 
and sections were immunostained using LYEC and VEGF-C antibodies. The quantitative results were expressed 
as mean ±  SEM. * P <  0.05 as compared with control group; #P <  0.05 as compared with leptin-treated group.
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by enhanced chemiluminescence, using a Fujifilm LAS-3000 chemiluminescence detection system (Fujifilm; 
Tokyo, Japan)

Quantitative real-time polymerase chain reaction (qPCR). Total RNA was extracted from JJ012 cells 
by using TRIzol reagent. The messenger RNA was reversely transcribed to complementary DNA by using MMLV 
RT kit, and qPCR was then performed by using Taqman assay kit. The qPCR analysis of miR-27b expression was 
performed on StepOnePlus sequence detection system by using the TaqMan MicroRNA Reverse Transcription 
Kit and was normalized to U6 expression.

Plasmid construction and luciferase reporter assay. Wild-type VEGF-C-3′ -UTR was constructed 
into pmirGLO reporter vector between the NheI and XhoI cutting sites. The mutation of VEGF-C-3′ -UTR was 
performed by Quickchange site directed kit (Stratagene; La Jolla, CA, USA) according to the manufacturer’s 
instructions.

To analysis the 3′ -UTR luciferase activity, the JJ012 cells were transfected with wt-VEGFC-3′ UTR or 
mt-VEGFC-3′ UTR luciferase plasmids. Cells were lysed after 24 hr transfection, cell lysates were harvested and 
detected using luciferase assay system (Promega; Madison, WI, USA)

Immunohistochemistry (IHC) staining. The human tissue sections were incubated with anti-VEGF-C 
(1:100) primary antibody at 4 °C overnight and then incubated with secondary antibody (1:100) for 1 hr at room 
temperature. Finally, the sections were stained with diaminobenzidine.

Statistics. All quantified results are presented as the means ±  SEM of at least three experiments. Statistical 
comparison of two groups was used the Student’s t-test. Statistical comparisons of more than two groups were 
used one-way ANOVA with Bonferroni’s post-hoc test. In all cases, p <  0.05 was defined statistically significant.

References
1. Terek, R. M. et al. Chemotherapy and P-glycoprotein expression in chondrosarcoma. Journal of orthopaedic research: official 

publication of the Orthopaedic Research Society 16, 585–590, doi: 10.1002/jor.1100160510 (1998).
2. Chang, L., Shrestha, S., LaChaud, G., Scott, M. A. & James, A. W. Review of microRNA in osteosarcoma and chondrosarcoma. 

Medical oncology 32, 613, doi: 10.1007/s12032-015-0613-z (2015).
3. Liu, J. C. et al. The current progress and future prospects of personalized radiogenomic cancer study. Biomedicine (Taipei) 5, 2,  

doi: 10.7603/s40681-015-0002-0 (2015).
4. Chen, J. C., Fong, Y. C. & Tang, C. H. Novel strategies for the treatment of chondrosarcomas: targeting integrins. BioMed research 

international 2013, 396839, doi: 10.1155/2013/396839 (2013).
5. Van Trappen, P. O. & Pepper, M. S. Lymphatic dissemination of tumour cells and the formation of micrometastases. The Lancet. 

Oncology 3, 44–52 (2002).
6. Stacker, S. A. et al. Lymphangiogenesis and lymphatic vessel remodelling in cancer. Nature reviews. Cancer 14, 159–172,  

doi: 10.1038/nrc3677 (2014).
7. Van der Auwera, I. et al. First international consensus on the methodology of lymphangiogenesis quantification in solid human 

tumours. British journal of cancer 95, 1611–1625, doi: 10.1038/sj.bjc.6603445 (2006).

Figure 6. Schema of leptin promotes lymphangiogenesis in chondrosarcomas. Leptin promotes VEGF-C 
production by inhibiting miR-27b expression via the OBRl, FAK, PI3K and Akt pathways. Leptin-induced 
VEGF-C production subsequently recruiting LECs to the chondrosarcoma microenvironment and promoting 
lymphangiogenesis.



www.nature.com/scientificreports/

9Scientific RepoRts | 6:28647 | DOI: 10.1038/srep28647

8. Chen, H. F. & Wu, K. J. Epigenetics, TET proteins, and hypoxia in epithelial-mesenchymal transition and tumorigenesis. Biomedicine 
(Taipei) 6, 1, doi: 10.7603/s40681-016-0001-9 (2016).

9. Wissmann, C. & Detmar, M. Pathways targeting tumor lymphangiogenesis. Clinical cancer research: an official journal of the 
American Association for Cancer Research 12, 6865–6868, doi: 10.1158/1078-0432.CCR-06-1800 (2006).

10. Streit, M. & Detmar, M. Angiogenesis, lymphangiogenesis, and melanoma metastasis. Oncogene 22, 3172–3179, doi: 10.1038/
sj.onc.1206457 (2003).

11. Rubbia-Brandt, L. et al. Lymphatic vessel density and vascular endothelial growth factor-C expression correlate with malignant 
behavior in human pancreatic endocrine tumors. Clinical cancer research: an official journal of the American Association for Cancer 
Research 10, 6919–6928, doi: 10.1158/1078-0432.CCR-04-0397 (2004).

12. Nakamura, Y. et al. Lymph vessel density correlates with nodal status, VEGF-C expression, and prognosis in breast cancer. Breast 
cancer research and treatment 91, 125–132, doi: 10.1007/s10549-004-5783-x (2005).

13. Tacconi, C. et al. Vascular endothelial growth factor C disrupts the endothelial lymphatic barrier to promote colorectal cancer 
invasion. Gastroenterology 148, 1438-1451 e1438, doi: 10.1053/j.gastro.2015.03.005 (2015).

14. Su, J. L. et al. Cyclooxygenase-2 induces EP1- and HER-2/Neu-dependent vascular endothelial growth factor-C up-regulation: a 
novel mechanism of lymphangiogenesis in lung adenocarcinoma. Cancer research 64, 554–564 (2004).

15. Dieterich, L. C., Seidel, C. D. & Detmar, M. Lymphatic vessels: new targets for the treatment of inflammatory diseases. Angiogenesis 
17, 359–371, doi: 10.1007/s10456-013-9406-1 (2014).

16. Lee, E. et al. Breast cancer cells condition lymphatic endothelial cells within pre-metastatic niches to promote metastasis. Nature 
communications 5, 4715, doi: 10.1038/ncomms5715 (2014).

17. Croce, C. M. Oncogenes and cancer. The New England journal of medicine 358, 502–511, doi: 10.1056/NEJMra072367 (2008).
18. Chang, L. C. & Yu, Y. L. Dietary components as epigenetic-regulating agents against cancer. Biomedicine (Taipei) 6, 2, doi: 10.7603/

s40681-016-0002-8 (2016).
19. Yoshitaka, T. et al. Analysis of microRNAs expressions in chondrosarcoma. Journal of orthopaedic research: official publication of the 

Orthopaedic Research Society 31, 1992–1998, doi: 10.1002/jor.22457 (2013).
20. Tsai, C. H. et al. Resistin promotes tumor metastasis by down-regulation of miR-519d through the AMPK/p38 signaling pathway in 

human chondrosarcoma cells. Oncotarget 6, 258–270, doi: 10.18632/oncotarget.2724 (2015).
21. Calin, G. A. & Croce, C. M. MicroRNA signatures in human cancers. Nature reviews. Cancer 6, 857–866, doi: 10.1038/nrc1997 

(2006).
22. Lee, Y. S. & Dutta, A. MicroRNAs in cancer. Annual review of pathology 4, 199–227, doi: 10.1146/annurev.pathol.4.110807.092222 

(2009).
23. Nicoloso, M. S., Spizzo, R., Shimizu, M., Rossi, S. & Calin, G. A. MicroRNAs--the micro steering wheel of tumour metastases. Nature 

reviews. Cancer 9, 293–302, doi: 10.1038/nrc2619 (2009).
24. Hu, J. et al. microRNA-128 plays a critical role in human non-small cell lung cancer tumourigenesis, angiogenesis and 

lymphangiogenesis by directly targeting vascular endothelial growth factor-C. European journal of cancer 50, 2336–2350, doi: 
10.1016/j.ejca.2014.06.005 (2014).

25. Keklikoglou, I. et al. MicroRNA-206 functions as a pleiotropic modulator of cell proliferation, invasion and lymphangiogenesis in 
pancreatic adenocarcinoma by targeting ANXA2 and KRAS genes. Oncogene 34, 4867–4878, doi: 10.1038/onc.2014.408 (2015).

26. Deng, G. et al. MicroRNA-101 inhibits the migration and invasion of intrahepatic cholangiocarcinoma cells via direct suppression 
of vascular endothelial growth factor-C. Molecular medicine reports 12, 7079–7085, doi: 10.3892/mmr.2015.4239 (2015).

27. Ahima, R. S. & Flier, J. S. Leptin. Annu Rev Physiol 62, 413–437, doi: 10.1146/annurev.physiol.62.1.413 (2000).
28. Vansaun, M. N. Molecular pathways: adiponectin and leptin signaling in cancer. Clinical cancer research: an official journal of the 

American Association for Cancer Research 19, 1926–1932, doi: 10.1158/1078-0432.CCR-12-0930 (2013).
29. Gonzalez-Perez, R. R., Lanier, V. & Newman, G. Leptin’s Pro-Angiogenic Signature in Breast Cancer. Cancers (Basel) 5, 1140–1162, 

doi: 10.3390/cancers5031140 (2013).
30. Yang, W. H. et al. Leptin increases VEGF expression and enhances angiogenesis in human chondrosarcoma cells. Biochim Biophys 

Acta 1840, 3483–3493, doi: 10.1016/j.bbagen.2014.09.012 (2014).
31. Yang, S. N. et al. Leptin enhances cell migration in human chondrosarcoma cells through OBRl leptin receptor. Carcinogenesis 30, 

566–574, doi: 10.1093/carcin/bgp023 (2009).
32. Iolyeva, M. et al. Novel role for ALCAM in lymphatic network formation and function. Faseb J 27, 978–990, doi: 10.1096/fj.12-

217844 (2013).
33. Morita, Y. et al. Cellular fibronectin 1 promotes VEGF-C expression, lymphangiogenesis and lymph node metastasis associated with 

human oral squamous cell carcinoma. Clin Exp Metastasis 32, 739–753, doi: 10.1007/s10585-015-9741-2 (2015).
34. Wu, M. H. et al. Endothelin-1 promotes MMP-13 production and migration in human chondrosarcoma cells through FAK/PI3K/

Akt/mTOR pathways. J Cell Physiol 227, 3016–3026, doi: 10.1002/jcp.23043 (2012).
35. Pepper, M. S. & Skobe, M. Lymphatic endothelium: morphological, molecular and functional properties. The Journal of cell biology 

163, 209–213, doi: 10.1083/jcb.200308082 (2003).
36. Nisato, R. E. et al. Generation and characterization of telomerase-transfected human lymphatic endothelial cells with an extended 

life span. The American journal of pathology 165, 11–24, doi: 10.1016/S0002-9440(10)63271-3 (2004).
37. Bruyere, F. & Noel, A. Lymphangiogenesis: in vitro and in vivo models. Faseb J 24, 8–21, doi: 10.1096/fj.09-132852 (2010).
38. Tai, Y. L., Chen, L. C. & Shen, T. L. Emerging roles of focal adhesion kinase in cancer. BioMed research international 2015, 690690, 

doi: 10.1155/2015/690690 (2015).
39. Tzeng, H. E. et al. CCN3 increases cell motility and MMP-13 expression in human chondrosarcoma through integrin-dependent 

pathway. J Cell Physiol 226, 3181–3189, doi: 10.1002/jcp.22672 (2011).
40. Ye, J. et al. miRNA-27b targets vascular endothelial growth factor C to inhibit tumor progression and angiogenesis in colorectal 

cancer. PloS one 8, e60687, doi: 10.1371/journal.pone.0060687 (2013).
41. Hirata, H. et al. MicroRNA-1826 targets VEGFC, beta-catenin (CTNNB1) and MEK1 (MAP2K1) in human bladder cancer. 

Carcinogenesis 33, 41–48, doi: 10.1093/carcin/bgr239 (2012).
42. Liu, H. T. et al. MicroRNA-27b, microRNA-101 and microRNA-128 inhibit angiogenesis by down-regulating vascular endothelial 

growth factor C expression in gastric cancers. Oncotarget 6, 37458–37470, doi: 10.18632/oncotarget.6059 (2015).
43. Tang, C. H., Hsu, C. J. & Fong, Y. C. The CCL5/CCR5 axis promotes interleukin-6 production in human synovial fibroblasts. 

Arthritis Rheum 62, 3615–3624, doi: 10.1002/art.27755 (2010).

Acknowledgements
This work was supported by grants from the Ministry of Science and Technology of Taiwan (NSC 102-2632-B-039-
001-MY3; MOST 103-2628-B-039-002-MY3), Taichung Hospital, Ministry of Health and Welfare (10416; 10519), 
and China Medical University Hospital (DMR-105-061).



www.nature.com/scientificreports/

1 0Scientific RepoRts | 6:28647 | DOI: 10.1038/srep28647

Author Contributions
W.-H.Y., Y.-C.F. and C.-H.T. conceived and designed the experiments. W.-H.Y., A.-C.C., S.-W.W., S.J.W., Y.-S. C.,  
T.-M.C. and S.-K.H. performed the experiments and analyzed the data. S.-W.W., S.-J.W., Y.-S.C., T.-M.C. and S.-
K.H. contributed the materials and reagents. W.-H.Y., Y.C.F. and C.-H.T. wrote the paper. All authors reviewed 
the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Yang, W.-H. et al. Leptin promotes VEGF-C production and induces 
lymphangiogenesis by suppressing miR-27b in human chondrosarcoma cells. Sci. Rep. 6, 28647; doi: 10.1038/
srep28647 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Leptin promotes VEGF-C production and induces lymphangiogenesis by suppressing miR-27b in human chondrosarcoma cells
	Introduction
	RESULTS
	Leptin and VEGF-C display a significant crosstalk in human chondrosarcoma tissues
	Leptin induces VEGF-C-mediated lymphangiogenesis
	Leptin promotes VEGF-C expression via the FAK/PI3K/Akt pathway
	Leptin enhances VEGF-C production and lymphangiogenesis by down-regulating miR-27b
	Inhibiting leptin expression suppresses lymphangiogenesis in vivo

	DISCUSSION
	Materials and Methods
	Materials
	Cell culture
	Collection of conditioned medium and ELISA assay
	LECs tube formation assay
	Western blotting
	Quantitative real-time polymerase chain reaction (qPCR)
	Plasmid construction and luciferase reporter assay
	Immunohistochemistry (IHC) staining
	Statistics

	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Leptin promotes VEGF-C production and induces lymphangiogenesis by suppressing miR-27b in human chondrosarcoma cells
            
         
          
             
                srep ,  (2016). doi:10.1038/srep28647
            
         
          
             
                Wei-Hung Yang
                An-Chen Chang
                Shih-Wei Wang
                Shoou-Jyi Wang
                Yung-Sen Chang
                Tzu-Ming Chang
                Shao-Keh Hsu
                Yi-Chin Fong
                Chih-Hsin Tang
            
         
          doi:10.1038/srep28647
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep28647
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep28647
            
         
      
       
          
          
          
             
                doi:10.1038/srep28647
            
         
          
             
                srep ,  (2016). doi:10.1038/srep28647
            
         
          
          
      
       
       
          True
      
   




