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Gene therapy has been applied to malignant pleural
effusion derived from several types of cancer (colon,
breast, lung cancer, mesothelioma, ovarian and liver) (1-5).
Successful management has been established either
with p53 tumor suppression gene therapy (4,5) or gene
therapy as immunotherapy (1,3) and currently with pro-
drug transformation (antibiotic) to active chemotherapy
compound (2). All studies administered the nanocomplexe
(viral vector/plasmid DNA) through a tunneled
intrapleural catheter to induce local disease management.
The nanoparticle used to deliver gene therapy in all
previous presented studies was a viral vector. Viral vectors
are known to stimulate the immune system and therefore
formulate neutralizing antibodies (Nabs) against the
nanocomplex (6). In addition, viral vectors exhibit higher
gene transfection efficacy in comparison to non-viral
vectors. However, they tend to induce flu-like symptoms
upon administration; nevertheless, these symptoms are
intermittent and well controlled with corticosteroid
preparation and apamide at least 30 min before gene
therapy instillation (3,4). In the study by Sterman ez a/. (3),
it was investigated the time of initiation of the Nab
formation, and it was proposed as a future direction
that higher efficiency of this treatment modality would
be achieved with a three day interval administration.
Nevertheless, gene therapy with a viral vector is not proper
for repeatable administration, there is no gene transfection
observed after 14 days of administration (3). Therefore
other groups pursued the addition of a chemotherapeutic
agent for efficient local disease control, with success, but
again the positive results observed were brief until Nabs
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where constructed (4,5). However, the concept of local
tumor suppressor gene therapy and immunotherapy has
the advantage of chemo- and radio- sensitization, boosting
local disease control. The addition of a chemotherapeutic
agent with gene therapy provides more effective local
disease control; however, more trials are in need with
gene therapy alone or with a chemotherapy agent. Cancer
type plays a crucial role in the creation and maintenance
of malignant pleural effusion (MPE). The behavior of
MPE differs between the different cancer types. Although
several components of the different cancer origin MPEs
are the same, cancer cell population and pleura interaction
differs. Local disease control is more appropriate for a
malignancy affecting the pleura. Therefore gene therapy
is more appropriate for mesothelioma cancer, since the
pleura is affected. Although there are data regarding the
diffusion of this therapy through the pleura porous to the
blood circulation and lymphatic circulation, there are no
data how this therapy affects a solid tumor within the lung
parenchyma (7,8). More data are in need to present that
gene therapy in MPE also affects a solid tumor, and it is
not just another modality to induce pleurodesis.
Furthermore, the MPE environment is unfriendly for
gene therapy due to chondroitin sulfates and proteoglycans/
glycosaminoglycans, these molecules interact with the
nanocomplex (Viral vector/plasmidDNA) and diminish
the gene transfection (9). Experimentation to minimize
the interaction was investigated with: (I) pre-treatment
with corticosteroids (10); (II) alternate serotypes (11);
(IIT) targeting the airway epithelium (12); (IV) pre- or
co- administration of cytotoxic agent or immunotherapy
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(13,14); and (IV) construction of viral vectors with both
reduced immunogenicity and high DNA uptake (15).
However, no definite solution was provided. Moreover,
since the viral vectors are not an efficient drug delivery
system for repeatable administration, due to Nab formation,
additional investigation was pursued to overtake this
drawback. The efforts were focused on the following: (I)
modification of viral capsids (16); (II) polyetheleneglycol
(PEQG) coating to Ad vectors (17); (III) pretreatment with
glucocorticoids (18); (IV) use of lipid bilayer coating (19);
(V) masking of adenoviral fiber knob (20). Although the
formation of Nabs was delayed the problem of the immune
system activation against the vector/plasmid nanocomplexe
still remained. Another approach was investigated by
increasing the dosage of the Ad (plaque forming units),
however, the adverse effects were also increased.

In order to create nanocomplex with the ability of
repeatable administration the non-viral vectors where
conjugated with plasmids (21). The polyethylenimine
(PEI) has been investigated either as low molecular
weight (2 kDa), or high molecular weight (25 kDa). It has
been observed that low molecular weight <1.8 kDa does
not present any gene transfection and high molecular
weight >25 kDa present low cell viability (high
toxicity). In addition, they are divided in liner and
branched. Although an investigation is still ongoing
regarding the safety profile of these vectors, results
indicate higher efficiency for treatment repeatability in
comparison to the viral vectors. The efficiency of the
gene therapy nanocomplexe was further investigated
by adding polyethyleneglycol coating to the non-viral
vector PEI (22). Another nanocomplexe was created
by Shi et al. (22) which has the ability to administer
simultaneously a chemotherapy agent and gene therapy.
This nanocomplexe is a breakthrough and has a possible
application to many malignancies. It can sensitize and
increase cancer cell apoptosis at the same time. Another,
nanocomplexe that can be used as a delivery system for gene
therapy is the pH-sensitive cationic lipid with PEG (23).
The delivery of the gene therapy is initiated when the
nanocomplexe comes in contact with a pH <6.5, this
value is observed in cancer cells, when the pH in normal
cells is >7.4. In addition, to exploring a more efficient
nanocomplexe for local gene delivery, ligand coating to
nanocomplexes was investigated (24). Non-viral vectors
were added to the nanocomplexe of vector-plasmidDNA,
such as: (I) vascular endothelial growth factor; (II)
epidermal growth factor and recently; (III) fibroblast
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growth factor.

In conclusion, several approaches have been investigated
to control MPE with gene therapy. MPE derived from
lung cancer as a prime cancer site is not a good candidate
for gene therapy, not only due to the major drawbacks
from the vector/plasmid DNA nanocomplexe, but also due
to the fact that the pleura in lung cancer (non-small cell
lung cancer (NSCLC), small cell lung cancer (SCLQC)) are
not actually the problem. MPE from mesothelioma should
be further investigated, as these patients will actually
benefit from the local gene therapy administration. Local
control can be achieved by the tumor regression gene
therapy (p53), gene immunotherapy, and nanocomplexe
chemotherapy-gene therapy administration. In addition,
enhancement of gene therapy can be achieved with the
proper vector selection (non-viral) and nanocomplexe
coating either with a ligand or PEG. Gene therapy is an
expensive treatment modality and therefore it should be
used in selected patients that will benefit. Patients with
MPEs due to liver, ovarian, breast or even lung cancer,
will not benefit from gene therapy as local disease control
treatment, as for these patients this treatment modality
will only present an efficient pleurodesis. Pleurodesis
can be achieved with cheaper methods. In addition, data
regarding the gene therapy penetration in solid tumors
are in great need. There are data explaining the transport
of nanocomplexes from the site of administration to the
blood circulation and lymphatic circulation, however,
there are no data indicating the concentration of the drug
formulation that interacts with the tumor. All previously
published studies presented data regarding the follow up
of the patients, gene therapy transfection, and vector-
plasmid-MPE interaction. Nevertheless, no data are
presented regarding the nanocomplexe of vector-plasmid-
solid tumor interaction. Another mode of gene therapy
which merits to be further investigated in lung cancer
(SCLC/NSCLC) and mesothelioma is the “bystander
effect”. We would like to have a pro-drug that efficiently
penetrates solid tumors and is not toxic for normal cells.
When the pro-drug is activated, only the cancer cells
will be targeted and destroyed. This approach is very
intriguing, since less systemic side effects will be observed,
and less drug formulation concentrations are needed to
observe disease control. Future efforts should be directed
to gene therapy of MPE from mesothelioma prime cancer
as local treatment modality, until further trials present data
of solid tumor nanocomplexe interaction. Enhancement of
the nanocomplexe targeted delivery to cancer cells can be
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achieved by adding ligands as coating to the nanocomplexe
shell. Finally, non-viral vectors should be further explored,
but in the form of biodegradable cationic polymers (25).
A degradable non-viral vector has the ability to be
constructed in large molecular weights nanocomplexes
and uptake more DNA material, where at the same time
will degrade fast enough to prevent polyethylenimine
(PEI) induced toxicity. A comparison through different
solid tumors is also welcomed to observe the different
interactions with the nanocomplexes and gene therapy
modalities.

Acknowledgements

Dr. Paul Zarogoulidis would like to thank the organizing
committee of Chinese Association of Bronchology and
Interventional Pulmonology (CABIP) for the invitation to
present: “Management of malignant pleural effusion by suicide
gene therapy in advanced stage lung cancer” in the 1" annual
Conference of CABIP in Shanghai 29" June - 1" July 2012.

Disclosure: The authors declare no conflict of interest.

References

1. Sterman DH, Recio A, Carroll RG, et al. A phase I clinical
trial of single-dose intrapleural IFN-beta gene transfer for
malignant pleural mesothelioma and metastatic pleural
effusions: high rate of antitumor immune responses. Clin
Cancer Res 2007;13:4456-66.

2. Zarogoulidis P, Chatzaki E, Hohenforst-Schmidt W, et al.
Management of malignant pleural effusion by suicide gene
therapy in advanced stage lung cancer: a case series and
literature review. Cancer Gene Ther 2012;19:593-600.

3. Sterman DH, Recio A, Haas AR, et al. A phase I trial of
repeated intrapleural adenoviral-mediated interferon-beta
gene transfer for mesothelioma and metastatic pleural
effusions. Mol Ther 2010;18:852-60.

4. Dong M, Li X, Hong LJ, et al. Advanced malignant
pleural or peritoneal effusion in patients treated with
recombinant adenovirus p53 injection plus cisplatin. ] Int
Med Res 2008;36:1273-8.

5. Zhao WZ, Wang JK, Li W, et al. Clinical research on
recombinant human Ad-p353 injection combined with
cisplatin in treatment of malignant pleural effusion
induced by lung cancer. Ai Zheng 2009;28:1324-7.

6. Zaiss AK, Muruve DA. Immunity to adeno-associated virus
vectors in animals and humans: a continued challenge.
Gene Ther 2008;15:808-16.

© Pioneer Bioscience Publishing Company. All rights reserved.

11.

12.

13.

14.

15.

16.

17.

18.

19.

www.tler.org

Zarogoulidis et al. Gene therapy for lung cancer MPE

Minchinton Al, Tannock IF. Drug penetration in solid
tumours. Nat Rev Cancer 2006;6:583-92.

Bernaudin JF, Fleury-Feith J. Structure and physiology

of the pleura and the pleural space. Rev Pneumol Clin
2006;62:73-7.

Batra RK, Dubinett SM, Henkle BW, et al. Adenoviral gene
transfer is inhibited by soluble factors in malignant pleural
effusions. Am J Respir Cell Mol Biol 2000;22:613-9.

. Otake K, Ennist DL, Harrod K, et al. Nonspecific

inflammation inhibits adenovirus-mediated pulmonary
gene transfer and expression independent of specific
acquired immune responses. Hum Gene Ther
1998;9:2207-22.

Mack CA, Song WR, Carpenter H, et al. Circumvention of
anti-adenovirus neutralizing immunity by administration
of an adenoviral vector of an alternate serotype. Hum
Gene Ther 1997;8:99-109.

Douglas J'T, Rogers BE, Rosenfeld ME, et al. Targeted
gene delivery by tropism-modified adenoviral vectors. Nat
Biotechnol 1996;14:1574-8.

Kay MA, Meuse L, Gown AM, et al. Transient
immunomodulation with anti-CD40 ligand antibody and
CTLA4Ig enhances persistence and secondary adenovirus-
mediated gene transfer into mouse liver. Proc Natl Acad
Sci U S A 1997;94:4686-91.

Jooss K, Yang Y, Wilson JM. Cyclophosphamide
diminishes inflammation and prolongs transgene
expression following delivery of adenoviral vectors to
mouse liver and lung. Hum Gene Ther 1996;7:1555-66.
Parks RJ, Chen L, Anton M, et al. A helper-dependent
adenovirus vector system: removal of helper virus by Cre-
mediated excision of the viral packaging signal. Proc Natl
Acad Sci U S A 1996;93:13565-70.

Glasgow JN, Mikheeva G, Krasnykh V, et al. A strategy
for adenovirus vector targeting with a secreted single chain
antibody. PLoS One 2009;4:e8355.

Eto Y, Yoshioka Y, Ishida T, et al. Optimized PEGylated
adenovirus vector reduces the anti-vector humoral immune
response against adenovirus and induces a therapeutic
effect against metastatic lung cancer. Biol Pharm Bull
2010;33:1540-4.

Seregin SS, Appledorn DM, McBride A, et al. Transient
pretreatment with glucocorticoid ablates innate toxicity of
systemically delivered adenoviral vectors without reducing
efficacy. Mol Ther 2009;17:685-96.

Peruzzi D, Dharmapuri S, Cirillo A, et al. A novel
chimpanzee serotype-based adenoviral vector as delivery
tool for cancer vaccines. Vaccine 2009 ;27:1293-300.

Transl Lung Cancer Res 2012;1(4):234-237



Translational lung cancer research, Vol 1, No 4 December 2012

20. Sack BK, Herzog RW. Evading the immune response upon

21.

22.

23.

in vivo gene therapy with viral vectors. Curr Opin Mol
Ther 2009;11:493-503.

Sun X, Zhang N. Cationic polymer optimization for efficient
gene delivery. Mini Rev Med Chem 2010;10:108-25.

Shi S, Zhu X, Guo Q, et al. Self-assembled mPEG-PCL-g-
PEI micelles for simultaneous codelivery of chemotherapeutic
drugs and DNA: synthesis and characterization in vitro. Int J
Nanomedicine 2012;7:1749-59.

Chen D, Liu W, Shen Y, et al. Effects of a novel pH-

Cite this article as: Zarogoulidis P, Domvri K, Huang H,

Zarogoulidis K. Gene therapy for lung cancer malignant

pleural effusion: current and future nano-biotechnology. Transl
Lung Cancer Res Aug 2012;1(4):234-237. DOI: 10.3978/
j-issn.2218-6751.2012.08.01

© Pioneer Bioscience Publishing Company. All rights reserved.

24.

237

sensitive liposome with cleavable esterase-catalyzed and
pH-responsive double smart mPEG lipid derivative on
ABC phenomenon. Int J Nanomedicine 2011;6:2053-61.
Lungwitz U, Breunig M, Blunk T, et al. Polyethylenimine-
based non-viral gene delivery systems. Eur ] Pharm
Biopharm 2005;60:247-66.

25. Jere D, Jiang HL, Arote R, et al. Degradable

www.tler.org

polyethylenimines as DNA and small interfering RNA
carriers. Expert Opin Drug Deliv 2009;6:827-34.

Transl Lung Cancer Res 2012;1(4):234-237



