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Malignant pleural effusion (MPE) is common and 
debilitating complications of various types of cancers (1,2). 
More than 75% of MPEs are caused by carcinomas of the 
lung, breast, or ovary, with metastatic adenocarcinoma 
being the most common histological type. Malignant pleural 
mesothelioma (MPM) is also an important cause as a primary 
cancer growing in pleural cavity despite the low frequency. 
There are some patients who have no symptoms, but MPE 
commonly decreases quality of life (QOL) due to dyspnea 
and cough, and is associated with a poor prognosis (3).

Although there are several options for treatment of 
MPE, no available treatment prolongs survival (4,5). 
Therefore, appropriate managements of MPE are required 
to improve QOL and not to decrease survival. Depend on 
the condition of patients, a recommended therapy for MPE 
is thought to be pleurodesis using several sclerosants. In 
general, talc pleurodesis is commonly used in USA, and 
OK-432 is in Japan (6-8).

However,  for the better management of  MPE, 
translational research analyzing the underlying mechanisms 
in the progression of MPE would be needed to produce 
therapeutic biomarkers. There are two ways to analyze 
the molecular pathogenesis of MPE; the first approach 
is to use the pleural effusion harvested from patients by 
thoracentesis. The other is to develop animal models of 
MPE. The latter is more useful to investigate the specific 
mechanisms underlying pleural fluid accumulation as well 
as to evaluate therapeutic approaches against MPE. 

From 1962, Wagner et al. reported MPM model in rats 
by intra-pleural injection with asbestos (9). Subsequently, 
the several MPE models have been developed and applied 
for therapeutic experiments (10,11). Yano et al. used human 
cancer cells to develop MPE models of lung cancer in 

mice (12). They injected intravenously with human lung 
adenocarcinoma into SCID mice. On the other hand, 
Stathopoulos et al. developed MPE models by direct 
injection of Lewis lung carcinoma (LLC) into pleural 
cavity in C57BL/6 mice (13). If we would like to focus on 
the biology of human cancer cells, the models with human 
cancer might be useful. In the case of analysis of host-tumor 
interaction, immunocompetent mice would be better since 
immunological cells could be involved in the progression 
of MPE. From several reports, the critical factors involved 
in pathogenesis of MPE have been demonstrated. The 
underlying mechanism in the emergence of MPE is due 
to the blockade of fluid removal from pleuropulmonary 
lymphatics by invasion of tumors. However, the hyper-
permeability by vascular endothelial growth factor (VEGF) 
is critical to explain the efficient volume of MPE (14). 
Recent studies also showed that, in addition to VEGF, 
tumor necrosis factor (TNF)-α produced by tumor cells 
directly stimulated the vascular permeability in MPE 
model (15). TNF-α  also stimulates productions of 
both TNF-α and VEGF by tumor cells in an autocrine 
fashion, indicating that TNF-α might be a controller 
of vascular permeability in MPE. Furthermore, nuclear 
factor kappa-B (NF-κB) is reported to play a role in 
upstream regulation of TNF-α (15). It was demonstrated 
that monocyte chemoattractant protein (MCP)-1 derived 
from tumors induced vascular permeability in a direct 
manner (16). On the other hand, soluble or cellular 
factors which indirectly promote MPE formation have 
been demonstrated. Interleukin (IL)-5 derived from host 
cells induced MPE via accumulating eosinophils and 
CD11b+Gr-1+ myeloid-derived suppressor cells (17). The 
secreted phosphoprotein-1 (SPP1) also directly provokes 
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vascular leakage to foster malignant pleural effusion (18).
From the therapeutic point of view, several approaches 

have been examined in MPE model. The anti-angiogenic 
therapy targeting to VEGF is expected for treatment 
of patients with MPE. In the model of MPM which we 
recently generated by direct injection with human MPM 
cells into pleural cavity in mice, neutralizing antibody 
of VEGF as well as small molecule inhibitor against 
VEGF receptor demonstrated the significant inhibition 
of progression of MPE (19,20). In fact, bevacizumab is 
a recombinant humanized IgG monoclonal antibody 
against VEGF and its use for MPM is being explored 
in phase II trials with pemetrexed and carboplatin or 
cisplatin. However, data from recent randomized phase 
II trials failed to demonstrate an increase in survival 
when bevacizumab was given in addition to gemcitabine-
carboplatin therapy (21). Proteasome inhibition with 
bortezomib blocked NF-κB activation and inhibited 
MPE (22). Since bortezomib also induced apoptosis of 
MPM cells in vivo and in vitro (23), clinical trials with 
bortezomib against MPM have been initiated in Europe. 
Although most clinical trials do not include the endpoints 
to control MPE, therapy targeting to the molecules related 
with MPE might be initiated in the future trials since MPE 
is closely associated with patient’s QOL and survival.

It is still hard to prolong survival of patients with 
MPE. Translational studies from bench to clinic are 
definitely important. In addition, the reverse translational 
studies from clinic to bench might be more critical to 
develop novel therapy. Recent advances in the specific 
therapy for bone metastasis such as bisphosphonate and 
anti-RANKL antibody (24) suggest us the notion that 
metastasis including MPE should be treated with organ-
specific therapeutic modalities in addition to conventional 
systemic therapy with anti-cancer agents. Animal models 
could contribute to discover novel druggable targets specific 
for MPE, leading to the future advances in treatment of 
patients with MPE.
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