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Summary The vascular endothelial growth factor (VEGF) family is a novel regulator of endothelial cell proliferation. We assessed the mRNA
expression of VEGF, VEGF type C (VEGF-C) and their receptors together with the microvessel density (VD) and microlymphatic vessel
density (LVD) in pursuit of their connection and prognostic value in malignant pleural mesothelioma (MPM). We used four human MPM cell
lines, 54 MPM tumours and five normal pleural tissues. Expression levels for receptors and ligands were assessed by semiquantitative
reverse transcriptase polymerase chain reaction analysis. Microvessels were highlighted by immunohistochemical staining for factor VIII. The
discrimination of lymphatics was performed by enzyme-histochemistry for 5′-nucleotidase after adequate inhibition of non-specific activity.
The expression levels of VEGF, VEGF-C and VEGFRs were high in all MPM cell lines. The percentages of tumours with higher expression
compared to the mean values of normal pleural tissues were 31.5% (17/54) for VEGF, 66.7% (36/54) for VEGF-C, 20.4% (11/54) for fms-like
tyrosine kinase (flt)-1, 42.6% (23/54) for kinase insert domain-containing recepter (KDR) and 59.3% (32/54) for flt-4. Significant positive
correlations were found between VEGF-C and flt-4, VEGF and KDR, VEGF and flt-1 in tumour tissues. The association between LVD and
VEGF-C expression level was especially strong (P < 0.0001, r = 0.63). There were also significant correlations between LVD and flt-4, and VD
and VEGF. No correlation, however, was found between LVD and nodal metastasis. VD was a negative prognostic indicator in this study.
The associations between VEGF/VEGF-C and vessel density suggest that these factors play an important role in angiogenesis and
lymphangiogenesis in this tumour, and assessment of vascularity may be a useful prognostic indicator for MPM patients.
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Table 1 Nucleotide sequences of the primers used and their PCR conditions.

Angiogenic factors Primer sets PCR cycle Product size (bp)

VEGF 5′-GAAGTGGTGAAGTTCATGGATGTC-3′ (sense) 30 408 (VEGF121)
5′-CGATCGTTCTGTATCAGTCTTTCC-3′ (antisense) 541 (VEGF165)

613 (VEGF185)

VEGF-C 5′-CATGTACGAACCGCCAG-3′ (sense) 25 320
5′-TTGGCTGTTTGGTCATTGGC-3′ (antisense)

Flt-1 5′-GAGAATTCACTATGGAAGATCTGATTTCTTACAGT-3′ (sense) 30 1098
5′-GAGCATGCGGTAAAATACACATGTGCTTCTAG-3′ (antisense)

Flt-4 5′-AGCCATTCATCAACAAGCCT-3′ (sense) 25 298
5′-GGCAACAGCTGGATGTCATA-3′ (antisense)

KDR 5′-TATAGATGGTGTAACCCGGA-3′ (sense) 30 555
5′-TTTGTCACTGAGACAGCTTGG-3′ (antisense)
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Figure 1 RT-PCR analysis of VEGF, VEGF-C and their receptors (KDR,
flt-1 and flt-4) in human mesothelioma cell lines (A), normal pleural tissue (B)
and resected human malignant mesothelioma tumour samples (C). High
expression of VEGF, VEGF-C and VEGFRs mRNA was recognized in human
mesothelioma cell lines. Compared with the expression in the five normal
pleural tissues, VEGF-C and flt-4 mRNA expression levels were greater in
tumour tissues
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Table 2 Expression of VEGF, VEGF-C and VEGFRs mRNA in malignant
mesothelioma tumours

Percentage of positive aPercentage of
tumours (cases) overexpression (cases)

VEGF 75.9 (41/54) 31.5 (17/54)
VEGF-C 85.2 (46/54) 66.7 (36/54)
flt-1 74.1 (40/54) 20.4 (11/54)
KDR 90.7 (49/54) 42.6 (23/54)
flt-4 96.3 (52/54) 59.3 (32/54)

a> each mean value of normal pleural tissue.

Table 3 The mean densitometry index of each factor in MPM tumours and
normal pleural tissue samples

MPM tumours (n = 54) Normal pleural tissue (n = 5)

VEGF-C 0.87 ± 0.15 0.16 ± 0.03
flt-4 1.24 ± 0.25 0.34 ± 0.07
KDR 1.73 ± 0.38 1.08 ± 0.23
VEGF 1.80 ± 0.41 1.80 ± 0.60
flt-1 0.50 ± 0.11 0.95 ± 0.46
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Figure 2 Correlation (non-parametric) between VEGF-C and flt-4 mRNA express
LVD (C) and VEGF mRNA expression and VD (D) within MPM tumours
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Figure 4 5′-nucleotidase reaction of microvessels within tumours by
enzyme-histochemistry for 5′-NA (A) and immunohistochemical staining for
factor VIII antigen (B) of the consecutive cryostat sections. Theoretically,
closed arrows show lymphatic vessels and open arrows show blood vessels.
Closed arrows in A were counted for LVD and both closed and open arrows
in B were counted for VD in this study. Scale bar, 40 µm

Figure 3 (A) Staining of flt-4 using polyclonal antibody in malignant pleural
mesothelioma tissue. Cytoplasmic staining was positive in tumour cells.
(B) Weakly staining of flt-4 was partly identified in vascular endothelial cells


Expression of VEGF, VEGF-C and VEGFRs in normal
pleural tissues, human mesothelioma cell lines and
resected mesothelioma tumours
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Table 4 Cox proportional hazard regression analysis using 46 malignant
pleural mesothelioma patients with standardized resections

Hazard ratio P 95% CI

Gender 3.437 0.0067 1.409 – 8.384
Stage (I, II vs III, IV) 3.729 0.0091 1.387 – 10.025
VD 2.247 0.0326 1.070 – 4.719
*COM-VEGFa 0.400 0.0731 0.147 – 1.089

aA combination factor of VEGF, flt-1, and KDR. It was defined as ‘positive’ if
two or more of the three associated variables are strongly expressed.
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Figure 5 Kaplan–Meier survival plots in stage III patients with epithelial
type MPM who underwent standardized resections (n = 28). A tumour was
included in the high VD group if VD was greater than 11. High VD tended to
be associated with poor survival (P = 0.0866)
Association with clinicopathological findings
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