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Differentiation potential of monocytes into lymphatic 
endothelial cells *★  

Liang Yan-hong1, Zhang Zhao-lin1, Tian Hua1, Wang Chang-ming2, Wang Shi-kun1, Li Xin1, Song Tao1 

Abstract 
 
BACKGROUND: Previous studies have shown that monocytes can transdifferentiate into vascular endothelial cells under the 
induction of various factors including vascular endothelial growth factor (VEGF). It remains poorly understood whether monocytes 
can be induced to transdifferentiate into lymphatic endothelial cells in vitro. 
OBJECTIVE: To explore the possibility of the transdifferentiation of monocytes into lymphatic endothelial cells under inflammatory 
condition.  
METHODS: Fresh monocytes from peripheral blood were collected by Ficoll density gradient centrifugation and cultured in an 
endothelial cell medium, followed by incubation in fibronectin-plated well or treated with tumor necrosis factor α for 24 hours, 
respectively. The expression of specific markers of lymphatic endothelial cells, such as LYVE-1, Podoplanin, Porx-1 and VEGF 
receptor 3 (VEGFR-3), as well as the endothelial cells markers, such as vWF, endothelial nitric oxide synthase (eNOS) and 
VEGFR-2, were detected by RT-PCR and immunochemical methods.  
RESULTS AND CONCLUSION: Prior to induction, monocytes were positive to LYVE-1, but negative for Podoplanin, Porx-1, and 
VEGFR-3, vWF, eNOS, as well as VEGFR-2. Following induction, the cultured mononcytes were positive for Podoplanin, Prox-1 
and VEGFR-3, but remained negative for vWF, eNOS and VEGFR-2. It suggested that monocytes can be induced to express the 
markers of lymphatic endothelial cells stimulated by fibronectin or tumor necrosis factor α. 

 
 
INTRODUCTION 
 
Lymphangiogenesis plays a crucial role in 

pathophysiological process of tumor, wound and 

inflammation. Previous studies have shown that 

lymphangiogenesis generally takes place in two 

alternative pathways: new lymphatic vessels sprout 

out from existing vessels under the induction of 

vascular endothelial growth factor (VEGF)-C[1-2]; or 

endothelial progenitor cells in peripheral blood migrate 

to the place of extension and transdifferentiate into 

lymphatic endothelial cells in which the stimulation of 

VEGF-C is also involved[3]. Under the condition of 

tumor, wound or inflammation, monocytes migrate to 

local tissues and differentiate into macrophages, which 

perform important functions in the process of 

lymphangiogenesis by producing VEGF-C[4-6]. 

Monocytes have been proved to transdifferentiate into 

vascular endothelial cells under the induction of 

various factors including VEGF[7-9], but whether they 

have the ability to become lymphatic endothelial cells 

is not yet to be shown in vitro. Here, several factors or 

proteins which activate monocytes in inflamed tissues, 

such as fibronectin and tumor necrosis factor α 

(TNF-α), were selected to stimulate monocytes in vitro. 

Specific markers of lymphatic endothelial cells 

LYVE-1[10-11], Podoplanin[12-13], Porx-1[14], VEGF 

receptor (VEGFR)-3 and common markers of 

endothelial cells vWF, endothelial nitric oxide synthase 

(eNOS), and VEGFR-2 were examined. The possibility 

of monocytes differentiating into lymphatic endothelial 

cells was explored. 

 

MATERIALS AND METHODS 
 

Design 

In vitro induction, observation experiment. 

Time and setting 

The experiment was performed at the laboratory of 

Institute of Anatomy & Histology and Embryology, 

Medical School of Shandong University, from April to 

September 2009. 

 

Materials 

Human peripheral blood was collected from healthy 

volunteers. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reagent and instruments 
 

Sources 

Human fibronectin (FN) Hematech,  
USA 

TNF-α, primary antibody: mouse anti-human  
LYVE-1 monoclonal antibody, mouse  
anti-human Podoplanin monoclonal  
antibody, rabbit anti-human Prox1  
monoclonal antibody 

Peprotech,  
UK 

Primary Antibody: rabbit anti-human  
VEGFR-3 monoclonal antibody, rabbit  
anti-human vWF monoclonal antibody,  
rabbit anti-human eNOS monoclonal  
antibody or rabbit anti-human VEGFR-2 
monoclonal antibody (ZSGB-BIO, China); 
Secondary Antibody: FITC-conjugated  
goat-anti-rabbit or goat-anti-mouse  
multiclonal antibodies and TRITC-  
conjugated goat-anti-rabbit multiclonal  
antibodies  

ZSGB-BIO,  
China 

Trizol, Prime Script RT Kit TakaRa, Japan 
Endothelial cell medium (ECM) Sciencell, USA 
Biophotometer Eppendorf, 

Germany 
PCR Instrument Whatman  

Biometra,  
Germany 

Fluorescence microscope (IX70),  
inverted phase contrast microscope 

Olympus,  
Japan 

CO2 culture incubator Thermo,  
USA 
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Methods 

Preparation and culture of mononuclear cells 

Peripheral blood mononuclear cells (MNCs) were obtained from 

healthy donors using method of Ficoll density gradient 

centrifugation. The mononuclear cell fraction was collected, 

washed twice with phosphate buffered saline, resuspended in 

ECM supplemented with 10% fetal bonvine serum, 2 mmol/L 

glutamine, 100 U/mL penicillin, 100 µg/mL streptomycin at a 

density of 1×106/mL and seeded in 24-well plates. The cells 

were incubated at 37 ℃ with 5% CO2 for 12 hours. The 

medium containing floating cells was exchanged with fresh 

medium and the adherent cells were collected as monocytes 

and used in the following experiments. The MNCs were divided 

into 2 groups. One was treated with 10 ng/mL of TNF-α. The 

other group was seeded in a plate pre-coated with 10 µg/mL of 

FN. Non-stimulated MNCs seeded in non-FN pre-coated plate 

were served as control group. The expression of specific 

markers of lymphatic endothelial cells and the markers of 

endothelial cells were detected by RT-PCR and 

immunochemical methods at 24 hours after culture. 

 

RT-PCR 

RT-PCR was performed at 24 hours after induction. In brief, 

total RNA was isolated from the cultured MNCs using Trizol 

according to the manufacturer’s instruction. A total of 500 ng of 

total RNA was reverse transcribed using Prime Script RT kits 

and cDNA was synthesized in the condition of 37 ℃ for 15 

minutes, followed by 85 ℃ for 5 seconds. Conventional PCR 

was performed using cDNA together with the PCR master mix 

using respective primers. The reaction conditions were: 95 ℃ 

for 30 seconds, 58 ℃ for 30 seconds, 72 ℃ for 30 seconds 

and a final extension phase of 2 minutes for 38 cycles. The 

PCR products were electrophoresed on 2% agarose gels, 

visualized by ethidium bromide staining. Primers used are as 

follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Immunocytochemical staining 

At 24 hours after culture, lymphatic specific markers and 

common endothial markers were identified by 

immunocytochemical method. The cells were stained with 

mouse anti-human LYVE-1 monoclonal antibody, mouse 

anti-human Podoplanin monoclonal antibody, rabbit anti-human 

Prox1 monoclonal antibody, rabbit anti-human VEGFR-3 

monoclonal antibody, rabbit anti-human vWF monoclonal 

antibody, rabbit anti-human eNOS monoclonal antibody or 

rabbit anti-human VEGFR-2 monoclonal antibody. 

FITC-conjugated goat-anti-rabbit or goat-anti-mouse multiclonal 

antibodies and TRITC-conjugated goat-anti-rabbit multiclonal 

antibodies were utilized as secondary antibody and the cells 

were immediately observed under an inverted fluorescence 

microscope. 

 

Main outcome measures 

The expression of specific markers of lymphatic endothelial 

cells such as LYVE-1, Podoplanin, Porx-1and VEGFR-3, and 

the markers of endothelial cells such as vWF, eNOS and 

VEGFR-2 were detected using RT-PCR and immunochemical 

methods. 

 

Design, enforcement and evaluation 

The experiment was designed by Tian Hua, performed by Liang 

Yan-hong, Zhang Zhao-lin, Wang Chang-ming, Wang Shi-kun, 

Li Xin, Song Tao, and evaluated by Tian Hua. All persons were 

trained regularly. The experiment results were evaluated by 

blind method. 

 

RESULTS 
 

RT-PCR 

The mRNA of Podoplanin, Porx-1, VEGFR-3, vWF, eNOS and 

VEGFR-2 were negatively expressed in the control group. 

While, cells of the induction groups were positively expressed 

Podoplanin, Porx-1 and VEGFR-3. However, mRNA of vWF, 

eNOS and VEGFR-2 were negatively expressed (Figure 1). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primers 
 

Sequences 

β-actin Forward: 5’-CCA TCT ACG AGG GGT ATG CCC-3’ 
Reverse: 5’-TCC TTA ATG TCA CGC ACG ATT  

TCC-3’ 
LYVE-1 Forward: 5’-TGC TTG CTC TCC TCT TCT TTG G-3’ 

Reverse: 5’-CTT GGA CTC TTG GAC TCT TCT  
GG-3’ 

Podo planin Forward: 5’-GCC AGC CAG AAG ATG ACA CTG-3’ 
Reverse: 5’-GAA TGC CTG TTA CAC TGT TGA  

CAC-3’ 
Prox-1 Forward: 5’-CAC CTG AGC CAC CAC CCT TG-3’ 

Reverse: 5’-GCA TTG CAC TTC CCG AAT AAG  
GT-3’ 

vWF Forward: 5’-CTG TGT GGG AAT TTT GAT GGC 
ATC-3’ 

Reverse: 5’-CTG TGT GGG AAT TTT GAT GGC  
ATC-3’ 

eNOS Forward: 5’-CGG CAT CAC CAG GAA GAA GAC-3’ 
Reverse: 5’-GGT CTC GGA GCC ATA CAG GAT-3’  

VEGFR-3 Forward: 5’-AAG TAC ATC AAG GCA CGC ATC-3’ 
Reverse: 5’-GCA GTT CAG GAC CAG CTT CT-3’ 

VEGFR-2 Forward: 5’-CCG TCA AGG GAA AGA CTA CG-3’ 
Reverse: 5’-CTT TAC CCC AGG ATA TGG AG-3’ 

FN: human fibronectin; TNF-α: tumor necrosis factor α; 1: β-actin; 2: 
vWF; 3: eNOS; 4: Podoplanin; 5: Prox-1; 6: VEGFR-3; 7: VEGFR-2 

Figure 1 The mRNA expression of monocytes in each group
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Immunocytochemical staining 

By immunocytochemistry, monocytes of the induction groups 

were stained positive for Podoplanin, Porx-1 andVEGFR-3, 

while the expression of vWF, eNOS and VEGFR-2 remained 

negative. In the control group, the expression of LYVE-1 was 

positive while the expression of Podoplanin, Porx-1, VEGFR-3, 

vWF, eNOS and VEGFR-2 were all negative (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISSCUSSION 
 

Monocytes are an important proportion of cells in peripheral 

blood, which migrate to local tissues under the condition of 

tumor, wound or inflammation, and differentiate into 

macrophages. In these pathological processes, various cells 

groups including macrophages produce FN, TNF-α and 

VEGF-C, which may exert certain effects on macrophages 

transdifferentiating into lymphatic endothelial cells. A study on 

murine cornea demonstrated that newly formed lymphatic 

vessels in macrophage infiltrating area were not continuous 

with limbal existing lymphatic vessels, but were closely related 

to CD11b+ macrophages in that area[15]. Thus, monocytes may 

have the potential to transdifferentiate into lymphatic 

endothelial cells, which is yet to be proved in vitro condition. 

The monocytes were obtained as described[16]. Firstly, several 

specific markers of lymphatic endothelial cells on freshly 

collected monocytes from healthy donors were examined. The 

expression of LYVE-1 was positive while the expression of 

Podoplanin, Porx-1 and VEGFR-3 as well as common 

antigens of endothelial cells vWF, eNOS andVEGFR-2 turned 

out to be negative. Subsequently, macrophage expression of 

these markers was tested under different culture conditions. 

Following 24 hours incubation, Podoplanin, Porx-1 and 

VEGFR-3 were positive detected by RT-PCR in FN-plated 

group and in TNF-α treated group. However, the expression of 

vWF, eNOS and VEGFR-2 remained negative. By 

immunocytochemistry, the expression of Podoplanin, Porx-1, 

and VEGR-3 was positive, while vWF, eNOS and VEGFR-2 

was negative. According to previous researches, monocytes 

will transdifferentiate into vascular endothelial cells under the 

stimulation of growth factors including VEGF[7-9]. Thus, we 

suppose that the lack of vWF, eNOS and VEGFR-2 was due to 

insufficient amount of VEGF or inadequate induction period. 

VEGFR-3 is a lymphatic-specific marker[17-18]. As it is the 

receptor of VEGF-C which is a lymphatic-specific growth 

factor, VEGFR-3 plays an important role in the 

lymphangiogenesis. In tumor or inflamed condition, local 

macrophages become a crucial resource of VEGF-C[19]. In 

addition, both VEGF-C and its receptor VEGFR-3 have been 

reported to be produced and expressed by activated 

monocytes[20]. In this study, stimulated with FN or TNF-α, 

monocytes expressed VEGFR-3. The expression of VEGFR-3 

is important for monocytes differentiating into lymphatic 

endothelial cells. 

Fibronectin is a high-molecular weight glycoprotein that 

distributes extensively in extracellular matrix. It is produced by 

various cells types including fibroblasts, monocytes and tumor 

cells, and its production increases in inflamed condition. 

Usually, FN is used as an adhesive in monocyte and 

neurocyte culturing. In recent years, however, FN is 

discovered to play a crucial role in migration and 

differentiation of cells and tissue repairing[21]. We proved that 

with the induction of FN, monocytes expressed Podoplanin, 

Porx-1 and VEGFR-3, but the mechanism is yet to be 

discovered.  

TNF-α is one of the most common inflammatory factors 

produced by various cells types. By inducing monocytes with 

TNF-α, Podoplanin, Porx-1 and VEGFR-3 were positively 

expressed. Previous study proved that TNF-α induced 

macrophages in tumor stroma to produce VEGF-C[22], while 

TNF-α upregulated the VEGFR-3 expression 

simultaneously[23]. Therefore, TNF-α inducing the expression 

of lymphatic endothelial markers may be mediated by 

VEGFR-3 pathway. 

In summary, monocytes expressed lymphatic endothelial 

markers in a short period of stimulation with TNF-α and FN, 

while the expression of endothelial common markers was 

negative. It is supposed that monocytes may completely 

transdifferentiate into lymphatic endothelial cells with sufficient 

amount of endothelial growth factors such as VEGF. 

Considering the scarcely distributed endothelial progenitor 

cells in peripheral blood, monocytes may be an ideal resource 

of lymphatic endothelial progenitor cells, because they are 

more abundant in amount and easy to collect, which is of 

great value in clinical use. 
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Figure 2  Immunofluorescence cytochemistry staining: 
monocytes expressed VEGFR-3 and Podopla-
nin after stimulation by tumor necrosis factor α 
(×400) 
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摘要 

背景：有研究报道，在包括血管内皮生长因

子在内的多种因子诱导下，单核细胞能够转

化成血管内皮细胞；而在体外条件下，单核

细胞能否转化成淋巴管内皮细胞，至今未见

报道。 

目的：观察单核细胞在炎症环境中转分化成

淋巴管内皮细胞的可能性。 

方法：采用 Ficoll 密度梯度离心法分离成人

新鲜外周血单核细胞，用细胞培养基培养，

然后分别用纤维连接蛋白、肿瘤坏死因子 α

诱导 24 h。用 RT-PCR 和免疫细胞化学方

法检测单核细胞对淋巴管内皮特异性标志

物 LYVE-1、Podoplanin、Prox1、血管内

皮生长因子受体 3以及内皮细胞抗原 vWF、

内皮型一氧化氮合酶和血管内皮生长因子

受体 2 的基因和蛋白表达。 

结果与结论：单核细胞在诱导之前，对

LYVE-1 表达阳性，对 Podoplanin、Prox1、

血管内皮生长因子受体 3、vWF、内皮型一

氧化氮合酶和血管内皮生长因子受体 2 表

达均为阴性；经上述因子刺激后，单核细胞

对 Podoplanin、Prox-1、血管内皮生长因

子受体 3 表达阳性，vWF、内皮型一氧化

氮合酶和血管内皮生长因子受体 2 表达仍

呈阴性。提示纤维连接蛋白、肿瘤坏死因子

α 均能有效刺激单核细胞表达淋巴管内皮

标志物。 

关键词：单核细胞；转分化；淋巴管内皮细

胞；体外培养；诱导 
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