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Abstract

Background One of the most important prognostic indi-

cators in gastric cancer is the presence of metastases in

lymph nodes. Even now, little is known about lymphan-

giogenesis in neoplastic tissue, and little is also known

about the transmission of a neoplastic cell from the tumor

mass into a lymphatic vessel.

Methods This study examined the relationships between

the density of lymphatic vessels (LVD) stained immuno-

histochemically with lymphatic vessel endothelial hyalu-

ronan receptor-1 (LYVE-1) and D2-40 (podoplanin)

antibodies, the expression of vascular endothelial growth

factor (VEGF)-C/D, selected clinical and pathomorpho-

logical factors, and the 5-year overall survival of gastric

cancer patients.

Results Statistical analysis showed no impact of

increased intratumoral or peritumoral LVD on gastric

cancer patient survival, irrespective of the protein used to

stain lymphatic vessels. Analysis showed that the proba-

bility of overall survival was decreased in the cases with

enhanced VEGF-D immunoreactivity (P = 0.0045).

Conclusion The study showed that the studied markers

cannot be used to determine the required extent of the

surgical procedure, as they have no statistically significant

correlation with the degree of progression of the cancer, the

stage of the disease assessed according to the TNM 5th

classification of malignant tumors, clinicopathological

features, and patient survival. VEGF-D is the only marker

that can be regarded as an unfavorable prognostic indicator

for patients with advanced gastric cancer.
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Introduction

Gastric cancer (GC) is one of the most frequent cancers

worldwide and is the second most common cause of can-

cer-related deaths [1]. Every year about 930,000 new cases

are diagnosed [2]. Men are twice as likely as women to fall

ill with GC. Asia has the highest GC incidence, and the

lowest incidence is found in Australia, Africa, North

America, southern Asia, and Oceania [3]. Despite the

development of laparoscopic surgery techniques and the

marketing of cancer-targeted therapies, advanced gastric

cancer carries a highly unfavorable prognosis [4].

Gastric cancer is not common in Poland. Morbidity from

GC is in fifth place for men and in seventh place for women

for all cancers, and it is decreasing. Consequently, there is
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a lack of a prophylactic program for gastric cancer, and

thus it is only recognized in its advanced stages.

At present the most important prognostic indicator for

GC patients is the TNM classification, which describes the

size of the primary tumor, the presence of metastases in

lymph nodes, and distant metastases. Of key importance to

improving treatment results, apart from an earlier detection

of neoplastic changes, is the need to search for new prog-

nostic indicators that would show with high probability the

presence of metastases in lymph nodes and which would be

helpful in establishing the extent of the required surgical

procedure.

Lymphangiogenesis is the process of development of

lymphatic vessels that occurs both during normal phe-

nomena, e.g., during an inflammation or wound healing,

and as part of many pathological processes, including

carcinogenesis. A number of growth factors and their

receptors are involved in lymphangiogenesis. It is directly

initiated by vascular endothelial growth factors (VEGFs) C

and D [5], which cause proliferation, migration, and for-

mation of endothelial cells [6, 7].

VEGF-C expression is increased in many cancers,

including gastric [8], esophageal [9], ovarian [10, 11], and

breast [12] cancer. In GC a positive correlation has been

shown between the VEGF-C level and metastases in lymph

nodes [13]. Furthermore, Yonemura et al. [14] found that a

high level of VEGF-C is an unfavorable prognostic factor.

VEGF-D induces both lymphangiogenesis and angio-

genesis. An increased expression of VEGF-D is a negative

prognostic factor, as is that of VEGF-C [15]. VEGF-C/D

bind to specific vascular endothelial growth factor recep-

tors (VEGFR). They have an affinity for VEGFR2, which

is responsible for angiogenesis, and for VEGFR3, which

until fairly recently was regarded as a lymphangiogenesis-

specific receptor and is now also known to be present on

vascular endothelium [16].

Immunohistochemical lymphatic vessel markers used in

morphological diagnostics are LYVE-1 (lymphatic vessel

endothelial hyaluronan receptor-1) and D2-40 (podoplanin)

[17–19]. LYVE-1 is a hyaluronic acid receptor belonging

to a receptor family that also includes CD44. LYVE-1

receptor expression has been found in lymphatic vessels in

which VEGFR3 has also been detected. LYVE-1 have been

discovered on both sides of lymphatic vessels, and so their

likely function is the transmission of hyaluronic acid

through cell membranes [20]. Furthermore, apart from its

potential participation in endothelial cell metabolism,

LYVE-1 plays a crucial role in the transfer of leukocytes

through the lymphatic vascular wall [18, 20, 21]. D2-40

(podoplanin) plays a crucial role in preventing cellular

adhesion and is strongly involved in the maintenance

of glomerular permeability [22]. Studies have shown that

D2-40 is a lymphatic vessel-specific glycoprotein and is

not expressed on vascular endothelium. Podoplanin

expression has been demonstrated also on osteocytes,

podocytes, and follicular cells. In addition to lymphatic

vessels, podoplanin immunoreactivity has been detected in

kidney podocytes, osteoblastic cells, type I pneumocytes,

and cells of the choroid plexus [23].

In this study, the density of lymphatic vessels measured

by the expression of D2-40 and LYVE-1 and VEGF-C/D

immunoreactivity in gastric cancer specimens was inves-

tigated by immunohistochemistry. The aim of the study

was to find a correlation between TNM stage and clinico-

pathological features such as histopathological type, the

presence of ulceration, the presence of an inflammatory

infiltration, and angio- and lymphangio invasion and sur-

vival rate.

Materials and methods

Patients

The study was conducted on histopathological material

obtained from patients operated for gastric cancer at the

Second Department and Clinic of General and Oncological

Surgery, Wroclaw Medical University, Poland in the years

1997–2006. A total of 42 consecutive patients were

selected based on archival tissue and data concerning sur-

vival availability who underwent curative surgical treat-

ment. The average age was 62 years; 31 were men and 11

women. Most of the cases were adenocarcinoma GIII. In

the TNM scale most of the patients were in T2 or T3 (the

same percentage of cases) N0 and M0 (5th edition of the

TNM classification of malignant tumors), and most of

the cases were advanced. It was typical for eastern Europe

that gastric cancer, which is not common in our region, is

recognized in the advanced stage. Every patient underwent

total or subtotal gastrectomy with D2 lymphadenectomy. In

all cases of total gastrectomy, splenectomy was also done

with the open technique. The average number of lymph

nodes was 19. Length of follow-up was 5 years (Table 1).

The study was retrospective and had the approval of the

special ethical committee of Medical University of

Wrocław (10.2006).

Tissue specimens

The tissue samples were fixed in 10 % buffered formalin

and embedded in paraffin. In each case, hematoxylin and

eosin-stained slides were subjected to histopathological

evaluation by two pathologists. Analyzed clinicopatho-

logical data were as follows: TNM stage, histopathological

type, presence of angio- and lymphangio invasion, ulcer-

ation, inflammation and long-term survival rate.
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Immunohistochemistry

Immunohistochemical analysis were conducted at the Lab-

oratory of the Department of Pathomorphology in Lower

Silesian Oncology Centre in Wroclaw, Poland. Formalin-

fixed, paraffin-embedded tissue was freshly cut into 5-lm

sections. The sections were mounted on Superfrost slides

(Menzel Gläser, Germany), dewaxed with xylene, and

gradually hydrated. Activity of endogenous peroxidase was

blocked by 5-min exposure to 3 % H2O2. All the studied

sections were boiled for 15 min at 250 W in Antigen

Retrieval Solution (DakoCytomation, Denmark). Then,

immunohistochemical reactions were performed using (1)

rabbit polyclonal antibodies detecting LYVE-1 (dilution

1:100; RELIATech, Germany); (2) mouse monoclonal

antibodies detecting D2-40 (dilution 1:100; DakoCytoma-

tion, Denmark); (3) mouse monoclonal antibodies detecting

VEGF-C (dilution 1:150; R&D Systems, USA); (4) mouse

monoclonal antibodies detecting VEGF-D (dilution 1:150;

R&D Systems). Tested sections were incubated with

antibodies for 1 h at room temperature. Subsequent incu-

bations involved biotinylated antibodies (15 min, room

temperature) and streptavidin–biotinylated peroxidase

complex (15 min, room temperature) (LSAB?, HRP;

DakoCytomation, Denmark). NovaRed (Vector Laborato-

ries, UK) was used as a chromogen (10 min, at room tem-

perature). All the sections were counterstained with Meyer’s

hematoxylin. The control group for the antibodies studied

was composed of healthy stomach specimens.

Immunopathomorphological evaluation

The expression of the studied proteins was assessed under a

microscope (Olumpus BX41) using computer microscopic

image analysis (software: AnalySIS DOCU, ver. 3.2 for

Windows 95/98/NT; Soft Imaging, licence 100 7557). All the

preparations were examined by two pathologists, who per-

formed independently immunopathomorphological evalua-

tion based on analysis of large tissue slides (about 2 cm in

diameter). Because of different scoring fields some discrep-

ancies between LVD occurred (as documented on micropho-

tographs), and these cases were excluded from the analysis.

LYVE-1 and D2-40 protein expression was evaluated

using a quantitative method: a modified Weidner’s method

[24]. Vessel density was evaluated within neoplastic tissue

and within healthy tissue outside the tumor. A microscopic

image from one preparation magnified 200 times was

transferred to a computer program, which automatically

counted all positively stained vessels from three random

fields of view with the highest density. Each individual

vessel or cluster of endothelial cells was regarded as a hot

point and was counted as one microvessel. Afterward, the

average number of vessels from the three fields of view

was calculated.

The expression of VEGF-C and VEGF-D proteins was

calculated using a semiquantitative method. Two immu-

nohistochemical reaction parameters were considered when

evaluating the expression of the foregoing proteins: the

percentage of cells with a positive cytoplasmic reaction

(the percentage of reactive tissue) and the intensity of a

reaction. The ultimate immunohistochemical reaction

results are expressed in the semiquantitative IRS (Immuno

Reactive Score) scale according to Remmele and Stenger

[25]. The scale assigns a score for a percentage of cells

demonstrating reaction (0–4 points) and for the intensity of

a reaction (0–3 points). The final result is the product of the

scores for the parameters analyzed (0–12 points) and is

referred to as an IRS factor (Table 2).

Statistical analysis

The conformity of distribution of individual variables with

the standard normal distribution was checked by means of

Table 1 Patient and tumor characteristics

Feature No.

All patients 42

Age in years (mean, 62)

\60 19

[60 23

Gender

Female 11

Male 31

TNM, T feature

T1 1

T2 19

T3 19

T4 3

TNM, N feature

N0 24

N1 12

N2 6

N3 0

TNM, M feature

M0 28

M1 14

Histopathological tumors characteristics

Grade 1 0

Grade 2 15

Grade 3 27

Presence of ulceration 29 cases

Presence of inflammation 33 cases

Lymphatic vessels cancer thrombosis 4 cases

Disease-free 5-year survival 16 cases
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the Shapiro–Wilk test, the homogeneity of variances was

verified with Levene’s test, the significance of differences

in means between two variables with a normal distribution

was verified with a t test, and for analysis of variance in

groups of three or more variables an F test was used

(ANOVA). Variances between variables with a distribution

significantly differing from a normal one was verified by

means of the Mann–Whitney U test (where two variables

were compared) or the Kruskal–Wallis test (where there

were more than two variables). The relationship between

two variables with a normal distribution was analyzed

using Spearman’s correlation. Dependencies between

variables with a distribution other than normal were ana-

lyzed by means of Spearman’s or a gamma correlation. The

correlation between the time of survival and individual

stained antibodies was investigated with a Cox regression

analysis.

Results

Density and distribution of lymphatic vessels stained

with D2-40 and LYVE-1 markers

Lymphatic vessels stained with D2-40 marker were visible

throughout neoplastic tissue without a distinct borderline.

The mean LVD (lymph vessel density) in neoplastic tissue

within the field of view was 6.5 (minimum, 0; maximum,

21.7) (Fig. 1a). Podoplanin-stained lymphatic vessels were

also found in the peritumoral zone. Their density there was

statistically significantly higher (Wilcoxon test: Z = 3.4,

P = 0.0007) than that within the tumor, and on average

amounted to 8.8 vessels within one field of view. The

smallest number of vessels for this range was 1.1 and the

largest 23.1 (Fig. 1b).

Interestingly, lymphatic vessels stained with LYVE-1

were mostly observed in the peritumoral zone. The mean

intratumoral LVD within a field of view was 1.4, with LVD

varying between 0 and 10 (Fig. 1c). In the peritumoral area

the mean LYVE-1-stained LVD was higher than that

within the tumor, 6.7 within the field of view, and the

density difference between the compartments was statisti-

cally significant (Wilcoxon test: Z = 4.86, P = 0.000001).

Table 2 Evaluation of vascular endothelial growth factor (VEGF)

expression

Percentage of positive cells Points Intensity of reaction Points

IRS (Immuno Reactive Score) modified by authorsa

No positive cells 0 No reaction 0

\25 % positive cells 1 Weak color reaction 1

25–50 % positive cells 2 Moderate intensity 2

51–75 % positive cells 3 Intense reaction 3

[75 % positive cells 4

a IRS score (Immuno Reactive Score) according to Remmele and

Stenger [25], modified by the authors

Fig. 1 Lymphatic vessel

density stained with D2-40

(podoplanin) and lymphatic

vessel endothelial hyaluronan

receptor-1 (LYVE-1).

Expression of D2-40 in

intratumoral compartment

(a) and peritumoral zone (b);

expression of LYVE-1 in

intratumoral area (c) and

peritumoral zone (d). a, b
9100; c, d 9200
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The number of vessels within the field of view ranged

between 0 and 23 (Fig. 1d).

Comparison of specificity of D2-40 and LYVE-1

markers in respect of lymphatic vessels

Comparison of the densities of lymphatic vessels stained

with the two markers demonstrated that both the mean and

maximum LVD were higher if D2-40 had been used

(Fig. 2a, b). Analysis revealed that the difference was

statistically significant both in the intratumoral compart-

ment and in the peritumoral zone (Wilcoxon test: Z = 4.9,

P = 0.000001; Z = 2.28, P = 0.02, respectively).

Expression of VEGF-C and VEGF-D in GC and their

correlation with LVD

The mean IRS of VEGF-C was 3 (Fig. 2c) and was 0.8 for

VEGF-D 0.8 (Fig. 2d). A positive correlation between the

expression of both markers in neoplastic tissue was found

(P = 0.001). No statistically significant correlation

between VEGF-C/D immunoexpression and the density of

lymphatic vessels stained with LYVE-1 or D2-40 was

observed in any of the studied compartments except for

the correlation between VEGF-C and also VEGF-D and

intratumoral LVD marked with LYVE-1 (Table 3).

An analysis of correlation between TNM classification

parameters, the expression of VEGF-C/D growth factors,

and the density of LYVE-1 and D2-40 stained lymphatic

vessels was carried out. No statistically significant depen-

dence between the depth of the cancerous infiltration, the

foci of nodal metastasis and the presence of distant metas-

tases, and the analyzed immunohistochemical and patho-

morphological parameters of proteins was demonstrated.

One significant correlation was noticed: between the pres-

ence of distant metastases and enhanced immunoreactivity

of VEGF-C in the neoplastic compartment (Table 4).

Furthermore, the correlations between the expression of

growth factors VEGF-C/D, the density of LYVE-1- and

D2-40-stained lymphatic vessels, and the clinical and

pathomorphological factors of GC, such as histopatholo-

gical type, presence of ulceration, the presence of an

inflammatory infiltration and angio- and lymphangio

invasion, investigated with the Kruskall–Wallis test or the

Mann–Whitney test, were statistically nonsignificant.

A Cox regression analysis has shown no impact of

increased intratumoral or peritumoral LVD on GC patient

survival, irrespective of the type of markers. A similar rela-

tionship was found for VEGF-C protein. However, the study

indicated a statistically significant correlation between a high

level of VEGF-D and patients’ long-term survival, with a

significance of P = 0.0045 (according to Cox regression

analysis). Patients were divided into two separate groups: the

first consists of patients whose expression of VEGF-D pro-

teins was equal to 0 on the IRS scale (31 patients), whereas the

second group included all cases with VEGF-D expression

between 1 and 4 on the IRS scale (11 patients). For each group

a Kaplan–Meier curve was calculated (Fig. 3). Based on

Fig. 2 Comparison of

lymphatic vessels staining with

two different markers in pairs in

the same case. Intratumoral

expression of LYVE-1 (a),

D2-40 (b), vascular endothelial

growth factors (VEGF-C) (c),

and VEGF-D (d). a, b 9200;

c, d 9100
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statistical analysis, the survival rate within the first group

could be estimated at around 41 %, whereas within the sec-

ond group the chance for remaining alive is estimated as

around 18 %. It is worth pointing out that both curves were

tested using the log-rank test with the null hypothesis, which

considered both groups had identical survival functions. The

test’s result (Z = -2.03948, P = 0.0207) forced rejection of

the null hypothesis. Therefore, we can state that there is a

significant difference in survival rate depending on whether

the patient has VEGF-D expression equal to 0 or more than 0

(1–4). Based on the calculations, it could be stated that

patients with a positive VEGF-D expression level have a

chance of surviving treatment more than twofold less than do

the patients with IRS equal to 0.

Discussion

In this study, the density of lymphatic vessels was mea-

sured by the expression of D2-40 and LYVE-1 and VEGF-

C/D immunoreactivity in gastric cancer specimens was

investigated by immunohistochemistry: the correlation

between the expression parameters of these proteins and

clinicopathological features was statistically analyzed.

The most interesting surgical issue was the connection

between the immunohistochemical markers studied and the

presence of metastases in lymph nodes (N). The study did

not reveal any correlation between the N feature and the

density of lymphatic vessels stained with either LYVE-1 or

D2-40. The lack of any correlation between metastases in

lymph nodes and the density of lymphatic vessels stained

with either marker indicates their limited usefulness as a

marker of the presence of neoplastic cells in lymph nodes.

Consequently, LVD cannot be used to determine the

probability of the existence of metastases in lymph nodes

and thus is not useful when deciding whether to perform

supplementary lymphadenectomy. However, some studies

have confirmed a connection between lymphangiogenesis

and the existence of metastases in lymph nodes and have

found LVD to be an independent prognostic factor [26, 27].

Further, our study failed to reveal any statistically sig-

nificant correlation between the analyzed clinicopatholog-

ical parameters and the expression of VEGF-C/D growth

factors. Numerous studies have confirmed the relationships

between VEGF-C levels and the presence of metastases in

lymph nodes [3, 28, 29]. However, there are studies in

which no such correlation has been found [30]. The VEGF-

C factor is connected with both angiogenesis and lym-

phangiogenesis pathways. Despite its association with the

two processes, many studies have detected a close corre-

lation between VEGF-D levels and the presence of

metastases in lymph nodes [29, 31]. This study failed to

detect any connection between VEGF-D and the presence

of nodal metastases.

Table 3 Correlations between VEGF-C/D and lymphatic vessel density measured by lymphatic vessel endothelial hyaluronan receptor-1

(LYVE-1) and D2-40 (podoplanin) in intratumoral and peritumoral compartments

LYVE-1 intratumoral LVD LYVE-1 peritumoral LVD D2-40 intratumoral LVD D2-40 peritumoral LVD

r P r P r P r P

VEGF-C 0.25 0.021 0.19 0.08 0.2 0.06 0.18 0.08

VEGF-D 0.21 0.04 -0.01 0.9 0.18 0.5 -0.07 0.5

r correlation ratio, P statistical validity, LVD lymphatic vessels density

Table 4 Correlation between expression of VEGF-C/D, lymphatic

vessel density measured by LYVE-1 and D2-40 in peritumoral and

intratumoral compartments, and TNM parameters

T (P) N (P) M (P)

LYVE-1 intratumoral LVD 0.1238 0.7772 0.1533

LYVE-1 peritumoral LVD 0.1879 0.6509 0.8604

D2-40 intratumoral LVD 0.1873 0.2829 0.3337

D2-40 peritumoral LVD 0.3543 0.3027 0.3677

VEGF-C 0.8415 0.2712 0.0176

VEGF-D 0.2176 0.7473 0.3337

P statistical validity, LVD lymphatic vessel density

Fig. 3 Kaplan–Meier curve for two groups of patients: solid line,

VEGF-D expression (Immuno Reactive Score, IRS) = 0; dashed line

IRS = 1–4)
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The last aspect under study was the presence of distant

metastases (M). Only VEGF-C and the presence of distant

metastatic changes was demonstrated. Consequently, this is

the only factor under study that can be regarded as an organ

progression factor for GC.

Another issue under consideration as part of the study

was the relationship between lymphangiogenesis and

patient survival. The available literature does not agree on

the existence of a connection between LVD and patient

survival. According to Nakamura and Kakudo [27], there is

a correlation between the density of lymphatic vessels

stained with podoplanin and patient survival and prognosis.

However, there are studies indicating no connection

between LVD and patient survival in gastric cancer [29].

The discrepancy between results obtained by various

authors attests to the need to conduct further studies into

lymphangiogenesis and its influence on the development

and progression of cancer. Similarly, the issue of VEGF-C

as a prognostic factor seems to be unresolved. This study

showed no association between VEGF-C and patient long-

term survival, similar to other publications [15, 32].

However, there are reports about a correlation between

increased VEGF-C levels and a shorter survival and a

worse prognosis [14]. In the case of VEGF-D, as in the case

of VEGF-C, contradictory results concerning the prog-

nostic role of the protein in the neoplastic process have

been obtained in various studies. No correlation with sur-

vival in non-small cell lung cancer was observed [33].

Some studies, however, have indicated a close relationship

between VEGF-D and long-term survival, with VEGF-D

functioning as a prognostic factor [15]. This study showed

that the growth factor VEGF-D is inversely correlated with

the survival of GC patients and can be regarded as a helpful

prognostic factor.

With a view to finding an answer to the question whe-

ther lymphangiogenesis is in any way linked to the clini-

copathological features of the neoplasm, such as

histopathological type, presence of an inflammatory reac-

tion, ulceration, or cancer cell thrombosis, as an indicator

of GC progress, a number of analyses were carried out.

This study found no correlation with the density of lym-

phatic vessels stained with LYVE-1 and D2-40, growth

factors VEGF-C/D, and any of the clinicopathological

features such as histopathological type of GC, presence of

ulceration, inflammatory infiltration, or tumor embolism in

blood or lymphatic vessels.

This study was limited by the small number of cases,

only 42. In the period of the 10 years observed, more than

42 cases underwent surgery in the 2nd Department of

General and Oncological Surgery in Medical University of

Wrocław. The average number of gastric cancer cases is

about 50 per year, but some of the operated cases were

palliative efforts, not curative. The study was retrospective,

and the data in the documentation were not complete

(including survival rate, histopathological examination, or

such information as address). Another point is that the

patients often were not recruited from our region of Lower

Silesia and it was impossible to obtain data such as survival

rate. Although the number of the cases is too small to draw

a conclusion, it is worth mentioning especially when it

impacts advanced cases, not the early stages, which are

characteristic for the eastern countries.

The results yielded by the study call for a further

investigation into the lymphangiogenesis pathway occur-

ring during carcinogenesis as there are many ambiguities.

The process may differ from that taking place in healthy

tissue and may be subject to modification by other factors.

Lymphatic vessels created as part of the neoplastic process

are probably structurally different from physiological ves-

sels. Any links between individual stages of the lymphan-

giogenesis pathway seem complicated and are still

relatively unknown, and the results of many studies remain

inconsistent. An in-depth knowledge of the process could

offer GC patients a chance of longer survival. Currently,

remedies are being sought to slow down cancer metastasis

to lymph nodes, which is of paramount importance in the

case of gastric cancer. Studies conducted on tumor tissue

models attest to the clinically satisfactory effectiveness of

drugs that slow down lymphangiogenesis by inhibiting

VEGF-R3, the receptor that is the most specific to lym-

phangiogenesis [31, 34].
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