
The growth of new vessels in adults is a complex and

coordinated process, and various molecules are involved

in its regulation. Vascular endothelial growth factor

(VEGF) is considered to be the main angiogenic factor.

The VEGF family includes five major factors: VEGF-A,

VEGF-B, VEGF-C, VEGF-D, and placental growth

factor. VEGF-A is mostly important for the growth of

blood vessels, while VEGF-C – for lymphatic vessels.

The biological effect of the VEGF family members on

endothelial cells is transduced via specific tyrosine kinase

receptors: VEGF-A binds to VEGFR-1 (Flt-1) and

VEGFR-2 (KDR/Flk-1), whereas VEGF-C interacts

with VEGFR-2 and VEGFR-3. There are also two non-

tyrosine kinase receptors that enhance activating signal

but do not transduce it inside the cell. These two recep-

tors are neuropilin 1 and 2 (NRP-1, NRP-2), where

NRP-1 is a co-receptor to VEGFR-2, and NPR-2 is a

co-receptor to VEGFR-3 [1].

Apart from its major angiogenic effect, VEGF also

exhibits several immunoregulatory activities [2, 3] and

affects hematopoiesis, differentiation, and maturation of

dendritic cells [4], as well as of T and B lymphocytes [5].

Because of this, it seems important to study both the pres-

ence of VEGF receptors on the cells of immune system

and the ability of lymphocytes and macrophages to syn-

thesize VEGF molecules and be involved in their

autocrine regulation. Here we studied mRNA expression

of all defined VEGF receptors as well as VEGF-A and

VEGF-C mRNA in lymphocytes and macrophages from

naive mice.

MATERIALS AND METHODS

Male C3HA mice weighing 18-20 g were purchased

from “Rappolovo” Animal Farm, Russian Academy of

Medical Sciences. Peritoneal exudate cells were obtained

by peritoneal lavage. To obtain enriched macrophage

population, cells were cultured for 24 h at 37°C in RPMI-

1640 media supplemented with 10% fetal calf serum

(Biolot, Russia), followed by removal of non-adherent

lymphocyte fraction. Inguinal lymph nodes and thymus

were removed and homogenized, followed by filtering

through nylon cell strainer to separate stroma from lym-

phocytes. Later isolated thymocytes, lymph node lym-

phocytes, and stroma of thymus were studied along with
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Abstract—Vascular endothelial growth factors VEGF-A and VEGF-C are the main angiogenic factors that control growth

of new blood and lymphatic vessels in the organism, and they also possess several immunoregulatory activities. Expression

of VEGF-A and VEGF-C mRNA as well as mRNA for VEGF receptors in lymphocytes and macrophages of naive mice

was investigated. Using reverse transcription and subsequent polymerase chain reaction, we found that peritoneal

macrophages, thymocytes, and lymph node cells constitutively expressed VEGF-A and VEGF-C mRNA. In addition,

macrophages were positive for VEGFR-1, VEGFR-2, VEGFR-3, NRP-1, and NRP-2 mRNA, whereas thymocytes and

lymph node cells expressed mRNA of the same receptors except VEGFR-1. These data expand our knowledge concerning

gene distribution of VEGF receptors in the organism, in particular, among the cells of the immune system. This suggests

that, along with their major angiogenic properties, VEGF family members additionally might also perform important medi-

atory functions within the immune system.
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pieces of whole thymus and lung margin. In addition, the

cell line of transplantable hepatoma 22A was studied; it

was provided by O. N. Pogodina from the Cell Line

Collection, Institute of Cytology, Russian Academy of

Sciences. Hepatoma cells were cultured in DMEM media

supplemented with 10% fetal calf serum until obtaining a

confluent monolayer.

The mRNA expression was analyzed by reverse tran-

scription followed by polymerase chain reaction (RT-

PCR) with specific primers. For this, 5·106 cells or 50 mg

of lung or thymus tissue were taken per sample. Total

mRNA was isolated by a single-step method using TRI-

reagent (Sigma, USA) according to the manufacturer’s

instructions. To perform reverse transcription reaction,

2 µg of RNA was supplemented with 200 U of reverse

transcriptase M-MLV (Promega, USA), a mixture of

dNTP (1.25 mM each), and specific reverse primers

(25 pM each) (Table 1), in final volume 50 µl. Specific

primers were designed using Primer-Master-1 software to

obtain a product size that would be different for reactions

on cDNA and nuclear DNA. β-Actin was used as an

internal RT standard. To perform PCR, 2 µl of cDNA

was supplemented with 5 U of Taq-polymerase

(Medigene, Russia), forward and reverse primers (10 pM

each), dNTP mixture (0.8 mM each), and 2-6 mM

MgCl2 (depending on the primers used), in final volume

25 µl. Initial denaturation was carried out for 5 min at

94°C. Each PCR cycle included denaturation at 94°C for

30 sec, hybridization at 56-66°C for 30 sec; the tempera-

ture was empirically selected for each pair of primers

(Table 1), and extension at 72°C for 30 sec for all targets

tested. β-Actin amplification was repeated by 25 cycles,

and 35 cycles for all other factors in a thermal amplifier

(Techne, GB). PCR products were visualized by elec-

trophoresis through 1% agarose gels stained with ethidi-

um bromide. Gels were photographed by using a digital

camera.

RESULTS AND DISCUSSION

During investigation of VEGF-A and VEGF-C

mRNA expression, we found that they were present in all

cell types and tissues studied (resident peritoneal

Gene

VEGF-A 

VEGF-C

VEGFR-1

VEGFR-2

VEGFR-3

NRP-1

NRP-2

β-Actin

Product size, bp

303

388

432

272

411

865

300

568

Table 1. Specific primers for RT-PCR

Annealing temperature, °C

58

61

65

66

66

64

64

56

Sequence

5'-gaccctggctttactgctgta-3'

5'-gtgaggtttgatccgcatgat-3'

5'-aacgtgtccaagaaatcagcc-3'

5'-agtcctctcccgcagtaatcc-3'

5'-gaagcggttcacctggactgagacc-3'

5'-ggctttgctggggggatttctctaa-3'

5'-acagacagtgggatggtccttgcat-3'

5'-aaacaggaggtgagctgcagtgtgg-3'

5'-cagacagacagcgggatggtgc-3'

5'-aggctgtagtgggggtgggaca-3'

5'-tggtctggatggtggttgggc-3'

5'-aagagaggaaaaaagggggct-3'

5'-ttcgatcctgttccagcgca-3'

5'-ggcatggtcgtacacccaac-3'

5'-atggatgacgatatcgct-3'

5'-atgaggtagtctgtcaggt-3'

Primer

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse
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macrophages, peripheral lymph node lymphocytes and

thymocytes, as well as thymus and lung of naive mice)

(figure). The synthesis of VEGF-A and VEGF-C by

macrophages is known [6, 7], whereas in the case of lym-

phocytes this question remained uncertain. Earlier it was

described that VEGF-А mRNA may be found in mouse

splenocytes [8], antigen-stimulated T cells from lymph

nodes in rats [3], and activated T cells from peripheral

blood in humans [9]. Moreover, VEGF-А and VEGF-C

mRNAs were detected in whole thymus [3, 10]. However,

we were able for the first time to demonstrate VEGF-А

and VEGF-C mRNA synthesis by isolated thymocytes as

well as VEGF-C mRNA expression in lymphocytes.

While studying mRNA expression of VEGF recep-

tors, we used highly vascularized lung tissue as a positive

control and hepatoma cells as an example of non-

endothelial cells. In lungs, we found expression of all test-

ed receptors, namely, VEGFR-1, VEGFR-2, VEGFR-3,

NRP-1, and NRP-2 (figure). In addition, the mRNA

expression of these receptors was detected in the whole

thymus and its stroma, which might be explained by the

presence of vessels in this tissue. A similar result was

obtained during investigation of peritoneal exudate cells

and macrophages.

Our data are consistent with those from the literature

on expression of VEGFR-1, VEGFR-2, and VEGFR-3

mRNA in murine and human peritoneal macrophages as

well as in macrophage-like cell lines [11-13]. We have

obtained for the first time data on NRP-1 and NRP-2

mRNA expression in macrophages.

mRNA expression for VEGF-A, VEGF-C, and their receptors. M, molecular mass marker. 1) Lung; 2) whole thymus; 3) isolated thymocytes; 4)

thymus stroma; 5) peritoneal exudate cells; 6) peritoneal macrophages cultures for 24 h; 7) isolated lymph node lymphocytes; 8) hepatoma 22A cells
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The figure shows that within the sensitivity of the

method used, mRNAs of all studied receptors except

VEGFR-1 were expressed in lymph node cells and thy-

mocytes. Earlier it was shown [3] that VEGFR-2 mRNA

was present and VEGFR-1 was absent in lymph node T

cells in rats, which agrees with our data. On the other

hand, the expression of both receptors was described in

murine splenic T lymphocytes [8]. Perhaps this reflects

the population differences in T cell content between

peripheral lymph nodes and spleen. It is relevant to men-

tion that the expression of VEGFR-2, VEGFR-3, NRP-

1, and NRP-2 mRNA in thymocytes and VEGFR-3,

NRP-1, and NRP-2 mRNA in lymph node cells was

found for the first time.

Thus, we have analyzed the pattern of constitutive

mRNA expression for VEGF receptors in immune cells

of naive mice (Table 2). Our data substantially expand our

knowledge on distribution of VEGF receptor mRNA in

different cell types of the organism, in particular, in the

cells of the immune system. However, the role of the

VEGF family in functioning of these cells is poorly

understood.

VEGF-A and VEGF-C are known to be chemoat-

tractants for monocytes/macrophages. VEGF-A recruits

blood monocytes to the focus of inflammation and vessel

growth via interaction with VEGFR-1 [2], whereas in tis-

sue macrophages both receptors, VEGFR-1 and

VEGFR-2, mediate chemotactic activity [11, 13].

VEGF-C affects macrophage migration via VEGFR-3

[14]. Few studies addressed the impact of VEGF-A on

lymphocytes and thymocytes [3, 5], and none of them

investigated the effect of VEGF-C on these cells.

However, there are numerous publications describ-

ing a critical role of vascular growth factors in regulation

of migratory activity of different cell types. For example,

VEGF receptor expression on tumor cells promotes their

survival and enhances their migratory potential and

capacity to metastasize [15]. On the other hand, the

expression of VEGF receptors may lead to opposite

effects. In particular, it was found that the enhanced

expression of NRP-1 in human pancreas adenocarcino-

ma cells inhibited their migration and proliferation,

whereas down-regulation of this co-receptor, on the con-

trary, stimulated tumor growth [16]. There are also data

showing that the presence of VEGF receptors in breast

cancer cells is an important clinical feature of tumor

growth and has prognostic value [17, 18].

Here we investigated gene expression of VEGF-А,

VEGF-С, and their receptors in murine tumor cell line

hepatoma 22A. We found that the mRNA of these factors

as well as VEGFR-1, VEGFR-3, and NRP-2 was detect-

ed, whereas VEGFR-2 and NRP-1 mRNAs were absent

(figure). By comparing the pattern of mRNA expression

of studied VEGF receptors in hepatoma cells versus lym-

phocytes we found remarkable distinctions.

Thus, we showed for the first time that thymocytes

and lymph node cells of naive mice constitutively

expressed mRNA of angiogenic factors VEGF-A and

VEGF-C together with their main receptors. This sug-

gests that VEGF family factors, along with their major

angiogenic activities, might carry out important mediator

functions within the immune system.
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+
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