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PMID: 
20490718 

Med Oncol. 2010 May 20. [Epub ahead of print] 

Inhibition of JNK1 expression decreases migration and invasion of mouse 
hepatocellular carcinoma cell line in vitro. 
Zhang YH, Wang SQ, Sun CR, Wang M, Wang B, Tang JW. 
Department of Diagnostic Ultrasound, The Second Affiliated Hospital of Dalian Medical 
University, 116027, Dalian City, Liaoning Province, China. 
 
c-Jun N-terminal kinase (JNK) is located in focal adhesion plaque (FAP). JNK is 
necessary to growth, morphogenesis, and differentiation of cells; especially JNK1 has a 
close relation with tumors. In this study, we silenced JNK1 by using short hairpin RNA 
(shRNA) and examined the effect on migration and invasion of mouse hepatocellular 
carcinoma (HCC) cell line Hca-F in vitro. Three shRNA expression vectors (JNK1shRNA-
1, JNK1shRNA-2, and JNK1shRNA-3) were constructed and transfected to Hca-F cells 
stably. The most effective shRNA was selected by detecting the expression levels of 
mRNA and protein. Transwell assay was performed to detect the ability of migration and 
invasion of cells. A negative control sequence (JNK1shRNA control) and non-transfected 
normal Hca-F cells were treated as control groups. The "Results" showed that the 
expression vectors of pSilencer-JNK1shRNA were constructed and transfected to Hca-F 
cells successfully. The most effective shRNA was JNK1shRNA-2. The expressions of 
mRNA and protein of JNK1 in Hca-F cells after transfection of JNK1shRNA-2 were 
decreased significantly compared with the other groups (all, P < 0.01; all, P < 0.05). The 
ability of migration and invasion was decreased after down-regulation of JNK1 expression 
(all, P < 0.05). These results suggest that the inhibition of JNK1 expression can decrease 
ability of migration and invasion of mouse hepatocellular carcinoma cell line in vitro. JNK1 
plays an important role in lymphatic metastasis of HCC. It may be a new target for gene 
therapy of lymphatic metastasis of HCC. 
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PMID: 

20490489 
Cancer Immunol Immunother. 2010 May 20. [Epub ahead of print] 

Endostatin gene therapy enhances the efficacy of IL-2 in suppressing metastatic 
renal cell carcinoma in mice. 
de Góes Rocha FG, Chaves KC, Chammas R, Peron JP, Rizzo LV, Schor N, Bellini MH. 
 
Nephrology Division, Medicine Department, Federal University of São Paulo, São Paulo, 
Brazil. 
Abstract 
We investigated whether the administration of IL-2 combined with endostatin gene 
therapy was able to produce additive or even synergistic immunomodulatory activity in a 
mouse model of metastatic renal carcinoma. Renca cells were injected into the tail vein of 
BALB/c mice. After 24 h, the animals were randomly divided into four groups (5 
mice/group). One group of mice was the control, the second group received treatment 
with 100,000 UI of Recombinant IL-2 (Proleukin, Chiron) twice a day, 1 day per week 
during 2 weeks (IL-2), the third group received treatment with a subcutaneous inoculation 
of 3.6 x 10(6) endostatin-producing cells, and the fourth group received both therapies 
(IL-2 + ES). Mice were treated for 2 weeks. In the survival studies, 10 mice/group daily, 
mice were monitored daily until they died. The presence of metastases led to a twofold 
increase in endostatin levels. Subcutaneous inoculation of NIH/3T3-LendSN cells resulted 
in a 2.75 and 2.78-fold increase in endostatin levels in the ES and IL-2 + ES group, 
respectively. At the end of the study, there was a significant decrease in lung wet weight, 
lung nodules area, and microvascular area (MVA) in all treated groups compared with the 
control group (P < 0.001). The significant difference in lung wet weight and lung nodules 
area between groups IL-2 and IL-2 + ES revealed a synergistic antitumor effect of the 
combined treatment (P < 0.05). The IL-2 + ES therapy Kaplan-Meier survival curves 
showed that the probability of survival was significantly higher for mice treated with the 
combined therapy (log-rank test, P = 0.0028). Conjugated therapy caused an increase in 
the infiltration of CD4, CD8 and CD49b lymphocytes. An increase in the amount of CD8 
cells (P < 0.01) was observed when animals received both ES and IL-2, suggesting an 
additive effect of ES over IL-2 treatment. A synergistic effect of ES on the infiltration of 
CD4 (P < 0.001) and CD49b cells (P < 0.01) was also observed over the effect of IL-2. 
Here, we show that ES led to an increase in CD4 T helper cells as well as cytotoxic 
lymphocytes, such as NK cells and CD8 cells, within tumors of IL-2 treated mice. This 
means that ES plays a role in supporting the actions of T cells. 
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20489789 
Cancer Gene Ther. 2010 May 21. [Epub ahead of print] 

Autophagy is induced by adenoviral-mediated interferon alpha treatment in 
interferon resistant bladder cancer and normal urothelial cells as a cell death 
protective mechanism but not by the bystander factors produced. 
Zhang XQ, Dunner K Jr, Benedict WF. 
Department of Genitourinary Medical Oncology, University of Texas MD Anderson 
Cancer Center, Houston, TX, USA. 
 
We have previously shown that adenoviral-mediated interferon alpha (Ad-IFNalpha) 
treatment is highly cytotoxic to tumor cells which are resistant to the IFNalpha protein. We 
now report that autophagy is produced after Ad-IFNalpha treatment of either IFN resistant 
bladder cancer cells (UC9 and KU7) or the normal urothelial cell line (TERT-NHUC). After 
Ad-IFNalpha infection autophagosomes, an early stage of autophagy, were seen in 
cancer cells whereas autophagolysosomes, a later stage of autophagy, were observed 
mostly in normal cells by electron microscopy. Conditioned medium from either normal or 
bladder cancer cells obtained after Ad-IFNalpha infection, however, produced no 
autophagy when placed on the bladder cancer cells, although again marked cytotoxicity 
was observed. This indicated that the autophagy seen was related to the direct effect of 
Ad-IFNalpha transfection and expression rather than to the bystander factors produced. 
In addition, autophagic changes were seen using LysoTracker Red DND-99 in both 
normal and cancer cells. We also documented that Ad-IFNalpha treatment produces the 
autophagic protein form, light chain 3 (LC3)-II, in cancer cells but not normal cells, which 
in turn was inhibited by the autophagic inhibitor, 3-methyladenine (3-MA). This inhibition 
of autophagy resulted in a significant increase in apoptotic cell death as measured by the 
sub-G1 population. We hypothesize that the autophagy seen in normal urothelial cells is a 
protective response and is allowed to be completed, providing a survival mechanism after 
Ad-IFN treatment, whereas the autophagy produced in IFN resistant cancer cells is not 
allowed to be completed and is insufficient to significantly suppress cytotoxicity. 
 
 
 
 

PMID: 
20489626 

Curr Opin Organ Transplant. 2010 Jun;15(3):269-76. 

Liver transplantation for inherited metabolic disorders of the liver. 
Moini M, Mistry P, Schilsky ML. 
Shiraz University of Medical Science, Shiraz, Iran. 
 
PURPOSE OF REVIEW: Liver transplantation is curative, life saving or both for a range of 
inherited diseases affecting the liver. Indications, timing and outcome of transplantation 
for these diseases are the focus of this review. RECENT FINDINGS: Liver transplant 
represents a mode of gene replacement therapy for several disorders, including Wilson 
disease, hemochromatosis, tyrosinemia, urea cycle defects and hypercholesterolemia in 
which the primary defect residing in the liver results in hepatic complications or severe 
extrahepatic disease. Liver transplant is also an important therapeutic modality in 
multisystemic genetic disorders with major hepatic disease such as glycogen storage 
disease types I, III and IV and porphyria. For familial amyloidosis and primary 
hyperoxaluria, liver replacement eliminates the source of the injurious products that 
results in extrahepatic disease. Innovations in medical and surgical management of these 
patients have led to improved outcomes providing an important benchmark for future 
gene therapy of these disorders. SUMMARY: Recent developments have refined the 
indications for liver transplant in the treatment of inherited metabolic diseases. The full 
potential of liver transplant in these disorders can be harnessed by careful patient 
selection, optimizing timing and perioperative metabolic management of these patients. 
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20488531 

Biomaterials. 2010 May 18. [Epub ahead of print] 

In vivo restoration of full-thickness cartilage defects by poly(lactide-co-glycolide) 
sponges filled with fibrin gel, bone marrow mesenchymal stem cells and DNA 
complexes. 
Wang W, Li B, Li Y, Jiang Y, Ouyang H, Gao C. 
MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of 
Polymer Science and Engineering, Zhejiang University, Hangzhou 310027, China. 
 
A composite construct comprising of bone marrow mesenchymal stem cells (BMSCs), 
plasmid DNA encoding transforming growth factor-beta1 (pDNA-TGF-beta1), fibrin gel 
and poly (lactide-co-glycolide) (PLGA) sponge was designed and employed to repair 
articular cartilage defects. To improve the gene transfection efficiency, a cationized 
chitosan derivative N,N,N-trimethyl chitosan chloride (TMC) was employed as the vector. 
The TMC/DNA complexes had a transfection efficiency of 9% to BMSCs and showed 
heterogeneous TGF-beta1 expression in a 10-day culture period in vitro. In vivo culture of 
the composite constructs was performed by implantation into full-thickness cartilage 
defects of New Zealand white rabbit joints, using the constructs absence of pDNA-TGF-
beta1 or BMSCs as controls. Heterogeneous expression of TGF-beta1 in vivo was 
detected at 4 weeks, but its level was decreased in comparison with that of 2 weeks. After 
implantation for 12 weeks, the cartilage defects were successfully repaired by the 
composite constructs of the experimental group, and the neo-cartilage integrated well with 
its surrounding tissue and subchondral bone. Immunohistochemical and 
glycosaminoglycans (GAGs) staining confirmed the similar amount and distribution of 
collagen type II and GAGs in the regenerated cartilage as that of hyaline cartilage. The 
cartilage special genes expressed in the neo-tissue were closer to those of the normal 
cartilage. An overall score of 2.83 was obtained according to Wakitani's standard. By 
contrast, only part of the defects was repaired by the pDNA-TGF-beta1 absence 
constructs, and no cartilage repair but fibrous tissue was found for the BMSCs absence 
constructs. Therefore, combination of the PLGA sponge/fibrin gel scaffold with BMSCs 
and gene therapy is an effective method to restore cartilage defects and may have a 
great potential for practical applications in the near future.  
 

PMID: 
20486774 

Hum Gene Ther. 2010 May 20. [Epub ahead of print] 

A transient increase of intra-hepatic pressure mediates successful treatment of the 
Gunn rat with reduced doses of lentiviral vector. 
Nguyen TH, Schmitt F, Flageul M, Dariel A, Pichard V, Podevin G, Myara A, Ferry N, 
Abarrategui Pontes C, Boni S. 
INSERM, U948, nantes, France; tuan.nguyen@univ-nantes.fr. 
 
Lentiviral vectors can stably transduce hepatocytes and are promising tools for gene 
therapy of hepatic diseases. Although hepatocytes are accessible to blood-borne viral 
vectors through fenestrations of the hepatic endothelium, improved liver transduction after 
delivery of vectors to the blood stream is needed. As the normal endothelial fenestration 
and lentiviral vectors have a similar size (150 nm), we hypothesized that a transient 
increase in hepatic blood pressure may enhance in-vivo gene transfer to hepatocytes. We 
designed a simple surgical procedure, by which the liver is temporarily excluded from the 
blood flow. Lentiviral vectors were injected in a large volume to increase intra-hepatic 
pressure. We demonstrated that in the Gunn rat, a model of Crigler-Najjar disease, the 
administration of low vector doses (corresponding to a multiplicity of infection of 0.2) using 
this procedure resulted in therapeutic correction of hyperbilirubinemia, without toxicity. 
The correction was sustained for 10 months (end of study). The same vector amounts 
yielded only partial correction after intra-portal delivery. We believe that this new and 
clinically-applicable strategy may broaden the range of genetic liver diseases accessible 
to gene therapy. 
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PMID: 
20486773 

Hum Gene Ther. 2010 May 20. [Epub ahead of print] 

Liver-Directed rAAV Gene Delivery Rescues a Lethal Mouse Model of 
Methylmalonic Acidemia and Provides Long-Term Phenotypic Correction. 
Carrillo-Carrasco N, Chandler RJ, Chandrasekaran S, Venditti CP. 
National Institutes of Health, National Human Genome Research Institute, Bethesda, 
Maryland, United States; carrilln@mail.nih.gov. 
 
Methylmalonic acidemia is a severe metabolic disorder caused by a deficiency of the 
ubiquitously expressed mitochondrial enzyme, methylmalonyl-CoA mutase (MUT). Liver 
transplantation has been used to treat a small number of patients with variable success, 
and whether liver-directed gene therapy might be employed in such a pleiotropic 
metabolic disorder is uncertain. In this study, we examined the therapeutic effects of 
hepatocyte-directed delivery of the Mut gene to mice with a severe form of methylmalonic 
acidemia. We show that a single intrahepatic injection of a recombinant adeno-associated 
virus serotype 8 (rAAV8) expressing the Mut gene under the control of the liver-specific 
thyroxine-binding globulin (TBG) promoter is sufficient to rescue Mut-/- mice from 
neonatal lethality and provide long-term phenotypic correction. Treated Mut-/- mice lived 
beyond a year of age, had improved growth, lower plasma methylmalonic acid levels and 
an increased capacity to oxidize 1-13C-propionate in vivo. The older treated mice showed 
increased Mut transcription, presumably mediated by up-regulation of the TBG promoter 
during senescence. The results indicate that the stable transduction of a small number of 
hepatocytes with the Mut gene can be efficacious in the phenotypic correction of an 
inborn error of organic acid metabolism and support the rapid translation of liver-directed 
gene therapy vectors already optimized for human subjects to patients with 
methylmalonic acidemia. 
 
 
 
 

PMID: 
20486772 

Hum Gene Ther. 2010 May 20. [Epub ahead of print] 

Enhanced Long-term Transduction and Multilineage Engraftment of Human 
Hematopoietic Stem Cells Transduced with Tyrosine-Modified rAAV2. 
Kauss MA, Smith LJ, Zhong L, Srivastava A, Wong KK, Chatterjee S. 
Beckman Research Institute of City of Hope, Virology, Duarte, California, United States; 
mkauss@coh.org. 
 
The search for the ideal stem cell gene therapy vector continues as recognized problems 
persist. Although recombinant AAV (rAAV2) mediates gene transfer into hematopoietic 
stem cells, identified restrictions to transgene expression reduce overall efficiency. 
Recent studies have shown that transduction efficiencies are significantly improved by 
preventing early proteasomal degradation following mutation of surface-exposed tyrosine 
residues on the capsid to phenylalanine. Here, we report that transduction of human cord 
blood (CB) CD34<sup>+</sup> stem cells by tyrosine-modified rAAV2 is significantly 
enhanced both in vitro and in vivo. Serial long-term in vivo bioluminescent imaging of 
immune-deficient recipients following xenotransplantation of CD34<sup>+</sup> cells 
transduced with tyrosine-modified rAAV2-luciferase revealed that modification of rAAV2 
capsids led to a significant increase in the transduction of human CD34<sup>+</sup> 
cells, without adversely affecting engraftment capacity, or the ability to undergo multi-
lineage differentiation and self-renewal. Together with observations of sustained high 
level transgene expression in vivo and efficient persistence of rAAV genomes in human 
hematopoietic cells, these results suggest that due to their ability to bypass restrictions to 
transduction, tyrosine-modified rAAV vectors, particularly Y500F, Y700F, Y444F and 
Y704F, represent highly promising candidates for therapeutic evaluation for diseases of 
human hematopoietic stem cells. 
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PMID: 
20486664 

J Am Chem Soc. 2010 May 20. [Epub ahead of print] 

Molecular Restructuring of Water and Lipids upon the Interaction of DNA with Lipid 
Monolayers. 
Campen RK, Ngo TT, Sovago M, Ruysschaert JM, Bonn M. 
FOM Institute for Atomic and Molecular Physics [AMOLF], 104 Science Park, 1098 XG 
Amsterdam, The Netherlands, and Structure and Function of Biological Membranes 
(SFMB), Universite Libre de Bruxelles (ULB), Boulevard du Triomphe, CP 206/2, B-1050 
Brussels, Belgium. 
 
Understanding the molecular mechanism of DNA/lipid interaction is critical in optimizing 
the use of lipid cofactors in gene therapy. Here, we address this question by employing 
label-free vibrational sum frequency (VSF) spectroscopy to study the interaction of DNA 
with lipid monolayers of the cationic lipids DPTAP(1,2-dipalmitoyl-3-trimethylammonium-
propane) and diC14-amidine as well as the zwitterionic lipid DPPC (1,2-dipalmitoyl-sn-
glycero-3-phosphocholine) in the presence and absence of calcium. Our approach has 
the advantage both of allowing us to explicitly probe intermolecular interactions and of 
providing insight into the structure of water and lipids around DNA at the lipid interface. 
We find, by examination of the OD stretch of interfacial D(2)O, that water structure differs 
markedly between systems containing DNA adsorbed to cationic and those that contain 
DNA adsorbed to zwitterionic lipid monolayers (in the presence or absence of Ca(2+)). 
The spectral response of interfacial water in the cationic system is consistent with a highly 
structured, undercoordinated, structural 'type' of water. Further, by investigation of CH 
stretch modes of the diC14-amidine lipid tails, we demonstrate that the adsorption of DNA 
to this lipid leads to increased ordering of lipid tails. 
 
 
 
 
 

PMID: 
20485384 

Gene Ther. 2010 May 20. [Epub ahead of print] 

Mifepristone increases gamma-retroviral infection efficiency by enhancing the 
integration of virus into the genome of infected cells. 
Solodushko V, Fouty B. 
[1] Center for Lung Biology, University of South Alabama School of Medicine, Mobile, AL, 
USA [2] Department of Pharmacology, University of South Alabama School of Medicine, 
Mobile, AL, USA. 
 
Gamma-retroviruses are commonly used to deliver genes to cells. Previously, we 
demonstrated that the synthetic anti-glucocorticoid and anti-progestin agent, mifepristone, 
increased gamma-retroviral infection efficiency in different target cells, independent of 
viral titer. In this study, we examine how this occurs. We studied the effect of mifepristone 
on different steps of viral infection (viral entry, viral survival, viral DNA synthesis and 
retrovirus integration into the host genome) in three distinct retroviral backbones using 
different virus recognition receptors. We also tested the potential role of glucocorticoid 
and progesterone receptors in mediating mifepristone's ability to increase gamma-
retroviral infectivity. We show that mifepristone increases gamma-retroviral infection 
efficiency by facilitating viral integration into the host genome and that this effect seems to 
be due to mifepristone's anti-glucocorticoid, but not its anti-progestin, activity. These 
results suggest that inhibition of the glucocorticoid receptor enhances retroviral integration 
into the host genome and indicates that cells may have a natural protection again 
retroviral infection that may be reduced by glucocorticoid receptor antagonists. 
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20485383 
Gene Ther. 2010 May 20. [Epub ahead of print] 

Gene delivery by surface immobilization of plasmid to tissue-engineering scaffolds. 
Salvay DM, Zelivyanskaya M, Shea LD. 
Department of Chemical and Biological Engineering, Northwestern University, Evanston, 
IL, USA. 
 
Biomaterial scaffolds that serve as vehicles for gene delivery to promote expression of 
inductive factors have numerous regenerative medicine applications. In this report, we 
investigate plasmid delivery from biomaterial scaffolds using a surface immobilization 
strategy. Porous scaffolds were fabricated from poly(D,L-lactide-co-glycolide) (PLG), and 
plasmids were immobilized by drying. In vitro plasmid release indicated that the majority 
(>70%) of adsorbed plasmids were released within 24 h and >98% within 3 days; 
however, in vivo implantation of the scaffolds at the subcutaneous site yielded transgene 
expression that persisted for at least 28 weeks and was localized to the site of 
implantation. Histological analysis of DNA-adsorbed scaffolds indicated that macrophages 
at the scaffold were transfected in the first 2 weeks after implantation, whereas muscle 
cells adjacent to the implant primarily expressed the transgene at 4 weeks. In addition to 
localized gene expression, a secreted protein (human factor IX) was retained at the 
implant site and not available systemically after 3 days, indicating minimal off-target 
effects. These findings show that surface immobilization of plasmid onto microporous 
PLG scaffolds can produce localized and long-term gene expression in vivo, which may 
be used to enhance the bioactivity of scaffolds used for regenerative medicine. 
 
 
 
 
 
 

PMID: 
20485382 

Gene Ther. 2010 May 20. [Epub ahead of print] 

Preclinical correction of human Fanconi anemia complementation group A bone 
marrow cells using a safety-modified lentiviral vector. 
Becker PS, Taylor JA, Trobridge GD, Zhao X, Beard BC, Chien S, Adair J, Kohn DB, 
Wagner JE, Shimamura A, Kiem HP. 
Division of Hematology, Department of Medicine, University of Washington, Seattle, WA, 
USA. 
 
One of the major hurdles for the development of gene therapy for Fanconi anemia (FA) is 
the increased sensitivity of FA stem cells to free radical-induced DNA damage during ex 
vivo culture and manipulation. To minimize this damage, we have developed a brief 
transduction procedure for lentivirus vector-mediated transduction of hematopoietic 
progenitor cells from patients with Fanconi anemia complementation group A (FANCA). 
The lentiviral vector FancA-sW contains the phosphoglycerate kinase promoter, the 
FANCA cDNA, and a synthetic, safety-modified woodchuck post transcriptional regulatory 
element (sW). Bone marrow mononuclear cells or purified CD34(+) cells from patients 
with FANCA were transduced in an overnight culture on recombinant fibronectin peptide 
CH-296, in low (5%) oxygen, with the reducing agent, N-acetyl-L-cysteine (NAC), and a 
combination of growth factors, granulocyte colony-stimulating factor (G-CSF), Flt3 ligand, 
stem cell factor, and thrombopoietin. Transduced cells plated in methylcellulose in 
hypoxia with NAC showed increased colony formation compared with 21% oxygen 
without NAC (P<0.03), showed increased resistance to mitomycin C compared with green 
fluorescent protein (GFP) vector-transduced controls (P<0.007), and increased survival. 
Thus, combining short transduction and reducing oxidative stress may enhance the 
viability and engraftment of gene-corrected cells in patients with FANCA. 
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PMID: 
20485381 

Gene Ther. 2010 May 20. [Epub ahead of print] 

Branched oligomerization of cell-permeable peptides markedly enhances the 
transduction efficiency of adenovirus into mesenchymal stem cells. 
Park SH, Doh J, Park SI, Lim JY, Kim SM, Youn JI, Jin HT, Seo SH, Song MY, Sung SY, 
Kim M, Hwang SJ, Choi JM, Lee SK, Lee HY, Lim CL, Chung YJ, Yang D, Kim HN, Lee 
ZH, Choi KY, Jeun SS, Sung YC. 
Division of Molecular and Life Science, Integrative Bioscience and Biotechnology, WCU, 
Pohang University of Science and Technology (POSTECH), Pohang, Republic of Korea. 
 
Cell-permeable peptides (CPPs) promote the transduction of nonpermissive cells by 
recombinant adenovirus (rAd) to improve the therapeutic efficacy of rAd. In this study, 
branched oligomerization of CPPs significantly enhanced the transduction of human 
mesenchymal stem cells (MSCs) by rAd in a CPP type-independent manner. In particular, 
tetrameric CPPs increased transduction efficiency at 3000-5000-fold lower concentrations 
than did monomeric CPPs. Although branched oligomerization of CPPs also increases 
cytotoxicity, optimal concentrations of tetrameric CPPs required for maximum 
transduction are at least 300-1000-fold lower than those causing 50% cytotoxicity. 
Furthermore, although only approximately 60% of MSCs were maximally transduced at 
500 muM of monomeric CPPs, >95% of MSCs were transduced with 0.1 muM of 
tetrameric CPPs. Tetrameric CPPs also significantly increased the formation and net 
surface charge of CPP/rAd complexes, as well as the binding of rAd to cell membranes at 
a greater degree than did monomeric CPPs, followed by rapid internalization into MSCs. 
In a critical-size calvarial defect model, the inclusion of tetrameric CPPs in ex vivo 
transduction of rAd expressing bone morphogenetic protein 2 into MSCs promoted highly 
mineralized bone formation. In addition, MSCs that were transduced with rAd expressing 
brain-derived neurotrophic factor in the presence of tetrameric CPPs improved functional 
recovery in a spinal cord injury model. These results demonstrated the potential for 
tetrameric CPPs to provide an innovative tool for MSC-based gene therapy and for in vitro 
gene delivery to MSCs.  
 

PMID: 
20485380 

Gene Ther. 2010 May 20. [Epub ahead of print] 

Local arterial nanoparticle delivery of siRNA for NOX2 knockdown to prevent 
restenosis in an atherosclerotic rat model. 
Li JM, Newburger PE, Gounis MJ, Dargon P, Zhang X, Messina LM. 
Division of Vascular Surgery, Department of Surgery, University of Massachusetts 
Medical School, Worcester, MA, USA. 
 
Both atherosclerosis and arterial interventions induce oxidative stress mediated in part by 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidases that have a pivotal role 
in the development of neointimal hyperplasia and restenosis. For small interfering RNA 
(siRNA) targeting of the NOX2 (Cybb) component of the NADPH oxidase to prevent 
restenosis, gene transfer with viral vectors is effective, but raises safety issues in 
humans. We developed a new approach using the amino-acid-based nanoparticle HB-
OLD7 for local delivery of siRNA targeting NOX2 to the arterial wall. siRNA-nanoparticle 
complexes were transferred into the regional carotid artery walls after angioplasty in an 
atherosclerotic rat model. Compared with angioplasty controls, Cybb gene expression 
(measured by quantitative reverse transcriptase-PCR) in the experimental arterial wall 2 
weeks after siRNA was reduced by >87%. The neointima-to-media-area ratio was 
decreased by >83%, and the lumen-to-whole-artery area ratio was increased by >89%. 
Vital organs showed no abnormalities and splenic Cybb gene expression showed no 
detectable change. Thus, local arterial wall gene transfer with HB-OLD7 nanoparticles 
provides an effective, nonviral system for efficient and safe local gene transfer in a 
clinically applicable approach to knock down an NADPH oxidase gene. Local arterial 
knockdown of the Cybb gene significantly inhibited neointimal hyperplasia and preserved 
the vessel lumen without systemic toxicity. 
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B-Cell-Delivered Gene Therapy Induces Functional T Regulatory Cells and Leads to 
a Loss of Antigen-Specific Effector Cells. 
Skupsky J, Zhang AH, Su Y, Scott DW. 
[1] Center for Vascular and Inflammatory Diseases, University of Maryland School of 
Medicine, Baltimore, Maryland, USA [2] Molecular Medicine Program, University of 
Maryland School of Medicine, Baltimore, Maryland, USA. 
 
Previous reports have shown that B-cell-mediated gene therapy can induce tolerance in 
several animal models for autoimmune diseases and inhibitory antibody formation in 
hemophilia A mice. We know from our previous work that the induction of tolerance 
following B-cell therapy is dependent upon CD25(+) regulatory T cells (Tregs). To extend 
these studies and identify the effects of this gene therapy protocol on the target CD4 T 
cells, we have adapted in vitro suppression assays using Tregs isolated from treated and 
control mice. Using carboxyfluorescein succinimidyl ester (CFSE) dilution as a measure 
of T-cell responsiveness to FVIII, we show that CD25(+) Tregs from treated mice are 
more suppressive than those from control animals. To monitor the induction of antigen-
specific Tregs, we repeated these studies in ovalbumin (OVA) peptide-specific DO11.10 
T-cell receptor (TCR) transgenic mice. Tregs from DO11.10 mice treated with a 
tolerogenic OVA-Ig construct are better than polyclonal Tregs at suppressing the 
proliferation of responder cells stimulated with OVA peptide 323-339 (pOVA). 
Furthermore, we show that following B-cell therapy, there is an increase in antigen-
specific FoxP3(+) Tregs, and there is also a distinct decrease in antigen-specific CD4(+) 
effector T cells. These changes in the lymphocyte population shift the balance away from 
effector function toward a tolerogenic phenotype. 
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SIN Retroviral Vectors Expressing COL7A1 Under Human Promoters for Ex Vivo 
Gene Therapy of Recessive Dystrophic Epidermolysis Bullosa. 
Titeux M, Pendaries V, Zanta-Boussif MA, Décha A, Pironon N, Tonasso L, Mejia JE, 
Brice A, Danos O, Hovnanian A. 
[1] Inserm, U563, Toulouse, France [2] University Paul-Sabatier, Toulouse, France. 
 
Recessive dystrophic epidermolysis bullosa (RDEB) is caused by loss-of-function 
mutations in COL7A1 encoding type VII collagen which forms key structures (anchoring 
fibrils) for dermal-epidermal adherence. Patients suffer since birth from skin blistering, 
and develop severe local and systemic complications resulting in poor prognosis. We lack 
a specific treatment for RDEB, but ex vivo gene transfer to epidermal stem cells shows a 
therapeutic potential. To minimize the risk of oncogenic events, we have developed new 
minimal self-inactivating (SIN) retroviral vectors in which the COL7A1 complementary 
DNA (cDNA) is under the control of the human elongation factor 1alpha (EF1alpha) or 
COL7A1 promoters. We show efficient ex vivo genetic correction of primary RDEB 
keratinocytes and fibroblasts without antibiotic selection, and use either of these 
genetically corrected cells to generate human skin equivalents (SEs) which were grafted 
onto immunodeficient mice. We achieved long-term expression of recombinant type VII 
collagen with restored dermal-epidermal adherence and anchoring fibril formation, 
demonstrating in vivo functional correction. In few cases, rearranged proviruses were 
detected, which were probably generated during the retrotranscription process. Despite 
this observation which should be taken under consideration for clinical application, this 
preclinical study paves the way for a therapy based on grafting the most severely affected 
skin areas of patients with fully autologous SEs genetically corrected using a SIN 
COL7A1 retroviral vector. 
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Evaluation of AAV-Mediated Expression of Chop2-GFP in the Marmoset Retina. 
Ivanova E, Hwang GS, Pan ZH, Troilo D. 
Anatomy and Cell Biology, Wayne State University, Detroit, United States. 
 
Purpose: Converting inner retinal neurons to photosensitive cells by expressing 
channelrhodopsin-2 (ChR2) offers a novel approach for treating blindness caused by 
retinal degenerative diseases. We evaluated the recombinant adeno-associated virus 
serotype 2 (rAAV2)-mediated expression and function of a fusion construct of 
channelopsin-2 (Chop2) and green fluorescent protein (GFP) (Chop2-GFP) in inner 
retinal neurons in the common marmoset Callithrix jacchus. Methods: rAAV2 vectors 
carrying ubiquitous promoters were injected into the vitreous chamber. Expression of 
Chop2-GFP and functional properties of ChR2 were examined 3 months after injection 
with immunocytochemical and electrophysiological METHODS: Results: The percentage 
of Chop2-GFP-expressing cells in the ganglion cell layer was found to be retinal region- 
and animal age-dependent. The highest percentage was observed in the far-peripheral 
region. Chop2-GFP expression was also found in foveal and para-foveal region. In the 
peripheral retina in young animals with high viral concentrations, the expression of 
Chop2-GFP was observed in all major classes of retinal neurons, including all major types 
of ganglion cells. The morphological properties of Chop2-GFP-positive cells were normal 
for at least three months; and ChR2-mediated light responses were demonstrated by 
electrophysiological recordings. Conclusions: We reported the rAAV2-mediated 
expression of ChR2 in the inner retinal neurons in the marmoset retina through intravitreal 
delivery. The marmoset could be a valuable non-human primate model for developing 
ChR2-based gene therapy for treating blinding retinal degenerative diseases. 
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Redirecting lentiviral vectors pseudotyped with Sindbis virus-derived envelope 
proteins to DC-SIGN by modification of N-linked glycans of envelope proteins. 
Morizono K, Ku A, Xie Y, Harui A, Kung SK, Roth MD, Lee B, Chen IS. 
Division of Hematology and Oncology, Department of Medicine, David Geffen School of 
Medicine, University of California, Los Angeles, CA 90095, USA; UCLA AIDS Institute, 
David Geffen School of Medicine, University of California, Los Angeles, CA 90095, USA; 
Departments of Microbiology, Immunology, and Molecular Genetics, David Geffen School 
of Medicine, University of California, Los Angeles, CA, 90095, USA; Division of 
Pulmonary and Critical Care, Department of Medicine, David Geffen School of Medicine, 
University of California, Los Angeles, CA 90095, USA; Interdepartmental Program in 
Molecular Toxicology, David Geffen School of Medicine, University of California, Los 
Angeles, CA, 90095, USA. 
 
Redirecting the tropism of viral vectors enables specific transduction of selected cells by 
direct administration of vectors. We previously developed targeting lentiviral vectors by 
pseudotyping with modified Sindbis virus envelope proteins. These modified Sindbis virus 
envelope proteins have mutations in their original receptor-binding regions to eliminate 
their natural tropisms, and they are conjugated with targeting proteins, including 
antibodies and peptides, to confer their tropisms to target cells. We investigated whether 
our targeting vectors interact with DC-SIGN, which traps many types of viruses and gene 
therapy vectors by binding to the N-glycans of their envelope proteins. We found that 
these vectors do not interact with DC-SIGN. When these vectors were produced in the 
presence of deoxymannojirimycin (DMNJ), which alters the structures of N-glycans from 
complex to high-mannose, these vectors used DC-SIGN as their receptor. Genetic 
analysis demonstrated that the N-glycans at E2 a.a. 196 and E1 a.a. 139 mediate binding 
to DC-SIGN, which supports the results of a previous report of cryo-electron microscopy 
analysis. In addition, we investigated whether modification of the N-glycan structures 
could activate serum complement activity, possibly by the lectin pathway of complement 
activation. DC-SIGN-targeted transduction occurs in the presence of human serum 
complement, demonstrating that high-mannose-structure N-glycans of the envelope 
proteins do not activate human serum complement. These results indicate that the 
strategy of redirecting viral vectors according to alterations of their N-glycan structures 
would enable the vectors to target specific cells types expressing particular types of 
lectins. 
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Delivery of Na/I Symporter Gene into Skeletal Muscle Using Nanobubbles and 
Ultrasound: Visualization of Gene Expression by PET. 
Watanabe Y, Horie S, Funaki Y, Kikuchi Y, Yamazaki H, Ishii K, Mori S, Vassaux G, 
Kodama T. 
Graduate School of Biomedical Engineering, Tohoku University, Sendai, Japan; 
2Cyclotron and Radioisotope Center, Tohoku University, Sendai, Japan; 3Graduate 
School of Engineering, Tohoku University, Sendai, Japan; 4Tohoku University Hospital, 
Sendai, Japan; 5INSERM U948, Nantes, France; and 6Institut des Maladies de l'Appareil 
Digestif, CHU Hôtel Dieu, Nantes, France. 
 
The development of nonviral gene delivery systems is essential in gene therapy, and the 
use of a minimally invasive imaging methodology can provide important clinical endpoints. 
In the current study, we present a new methodology for gene therapy-a delivery system 
using nanobubbles and ultrasound as a nonviral gene delivery method. We assessed 
whether the gene transfer allowed by this methodology was detectable by PET and 
bioluminescence imaging. METHODS: Two kinds of reported vectors (luciferase and 
human Na/I symporter [hNIS]) were transfected or cotransfected into the skeletal muscles 
of normal mice (BALB/c) using the ultrasound-nanobubbles method. The kinetics of 
luciferase gene expression were analyzed in vivo using bioluminescence imaging. At the 
peak of gene transfer, PET of hNIS expression was performed using our recently 
developed PET scanner, after (124)I injection. The imaging data were confirmed using 
reverse-transcriptase polymerase chain reaction amplification, biodistribution, and a 
blocking study. The imaging potential of the 2 methodologies was evaluated in 2 mouse 
models of human pathology (McH/lpr-RA1 mice showing vascular disease and C57BL/10-
mdx Jic mice showing muscular dystrophy). RESULTS: Peak luciferase gene activity was 
observed in the skeletal muscle 4 d after transfection. On day 2 after hNIS and luciferase 
cotransfection, the expression of these genes was confirmed by reverse-transcriptase 
polymerase chain reaction on a muscle biopsy. PET of the hNIS gene, biodistribution, the 
blocking study, and autoradiography were performed on day 4 after transfection, and it 
was indicated that hNIS expression was restricted to the site of plasmid administration 
(skeletal muscle). Similar localized PET and (124)I accumulation were successfully 
obtained in the disease-model mice. CONCLUSION: The hNIS gene was delivered into 
the skeletal muscle of healthy and disease-model mice by the ultrasound-nanobubbles 
method, and gene expression was successfully visualized with PET. The combination of 
ultrasound-nanobubble gene transfer and PET may be applied to gene therapy clinical 
protocols. 
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Minimal amino acid exchange in human TCR constant regions fosters improved 
function of TCR gene-modified T cells. 
Sommermeyer D, Uckert W. 
Max Delbrück Center for Molecular Medicine, Berlin, Germany. 
 
TCR gene therapy using adoptive transfer of TCR gene-modified T cells is a new strategy 
for treatment of cancer. One critical prerequisite for TCR gene therapy is sufficient 
expression of transferred TCRs. Several strategies to achieve optimal expression were 
developed, including "murinization," which replaces the human TCRalpha and TCRbeta 
constant regions by their murine counterparts. Using a series of mouse-human hybrid 
constructs, we have identified nine amino acids responsible for the improved expression 
of murinized TCRs. Five essential amino acid exchanges were identified in the TCRbeta 
C region, with exchange of a glutamic acid (human) for a basic lysine (mouse) at position 
18 of the C region, being most important. For the TCRalpha C region, an area of four 
amino acids was sufficient for improved expression. The minimally murinized TCR 
variants (harboring only nine residues of the mouse sequence) enhanced expression of 
human TCRs by supporting preferential pairing of transferred TCR chains and a more 
stable association with the CD3 proteins. Most important, usage of minimally murinized 
TCR chains improved the function of transduced primary human T cells in comparison 
with cells transduced with wild-type TCRs. For TCR gene therapy, the utilization of 
minimally instead of completely murinized constant regions dramatically reduces the 
number of foreign residues and thereby the risk for immunogenicity of therapeutic TCRs. 
 
 
 
 
 

PMID: 
20483370 

Biotechnol Adv. 2010 May 16. [Epub ahead of print] 

Gene therapy, gene targeting and induced pluripotent stem cells: Applications in 
monogenic disease treatment. 
Wong GK, Chiu AT. 
Department of Applied Biology and Chemical Technology, Hong Kong Polytechnic 
University, Hung Hom, Kowloon, Hong Kong SAR, China. 
 
Monogenic diseases are often severe, life-threatening disorders for which lifelong 
palliative treatment is the only option. Over the last two decades, a number of strategies 
have been devised with the aim to treat these diseases with a genetic approach. Gene 
therapy has been under development for many years, yet suffers from the lack of an 
effective and safe vector for the delivery of genetic material into cells. More recently, gene 
targeting by homologous recombination has been proposed as a safer treatment, by 
specifically correcting disease-causing mutations. However, low efficiency is a major 
drawback. The emergence of two technologies could overcome some of these obstacles. 
Terminally differentiated somatic cells can be reprogrammed, using defined factors, to 
become induced pluripotent stem cells (iPSCs), which can undergo efficient gene 
mutation correction with the aid of fusion proteins known as zinc finger nucleases (ZFNs). 
The amalgamation of these two technologies has the potential to break through the 
current bottleneck in gene therapy and gene targeting.  
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Solid-State NMR Reveals the Hydrophobic-Core Location of Poly(amidoamine) 
Dendrimers in Biomembranes. 
Smith PE, Brender JR, Dü rr UH, Xu J, Mullen DG, Banaszak Holl MM, Ramamoorthy A. 
Biophysics, Department of Chemistry, and Macromolecular Science and Engineering 
Program, University of Michigan, Ann Arbor, Michigan. 
 
Poly(amidoamine) (PAMAM) dendrimer nanobiotechnology shows great promise in 
targeted drug delivery and gene therapy. Because of the involvement of cell membrane 
lipids with the pharmacological activity of dendrimer nanomedicines, the interactions 
between dendrimers and lipids are of particular relevance to the pharmaceutical 
applications of dendrimers. In this study, solid-state NMR was used to obtain a molecular 
image of the complex of generation-5 (G5) PAMAM dendrimer with the lipid bilayer. Using 
(1)H radio frequency driven dipolar recoupling (RFDR) and (1)H magic angle spinning 
(MAS) nuclear Overhauser effect spectroscopy (NOESY) techniques, we show that 
dendrimers are thermodynamically stable when inserted into zwitterionic lipid bilayers. 
(14)N and (31)P NMR experiments on static samples and measurements of the mobility 
of C-H bonds using a 2D proton detected local field protocol under MAS corroborate 
these results. The localization of dendrimers in the hydrophobic core of lipid bilayers 
restricts the motion of bilayer lipid tails, with the smaller G5 dendrimer having more of an 
effect than the larger G7 dendrimer. Fragmentation of the membrane does not occur at 
low dendrimer concentrations in zwitterionic membranes. Because these results show 
that the amphipathic dendrimer molecule can be stably incorporated in the interior of the 
bilayer (as opposed to electrostatic binding at the surface), they are expected to be useful 
in the design of dendrimer-based nanobiotechnologies. 
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Selective Molecular Potassium Channel Blockade Prevents Atrial Fibrillation. 
Amit G, Kikuchi K, Greener ID, Yang L, Novack V, Donahue JK. 
Heart and Vascular Research Center, MetroHealth Hospital, Case Western Reserve 
University, Cleveland, Ohio. Dr Amit is currently with the Department of Cardiology and Dr 
Novack is with the Clinical Research Center of Soroka University Medical Center, Beer-
Sheva, Israel. Dr Kikuchi is currently with the Division of Cardiology, Kyushu Kosei-
Nenkin Hospital, Kitakyushu City, Fukuoka, Japan. 
 
BACKGROUND: -Safety and efficacy limit currently available atrial fibrillation (AF) 
therapies. We hypothesized that atrial gene transfer would allow focal manipulation of 
atrial electrophysiology and, by eliminating reentry, would prevent AF. Methods and 
Results-In a porcine AF model, we compared control animals to animals receiving 
adenovirus that encoded KCNH2-G628S, a dominant negative mutant of the IKr 
potassium channel alpha-subunit (G628S animals). After epicardial atrial gene transfer 
and pacemaker implantation for burst atrial pacing, animals were evaluated daily for 
cardiac rhythm. Electrophysiological and molecular studies were performed at baseline 
and when animals were euthanized on either postoperative day 7 or 21. By day 10, none 
of the control animals and all of the G628S animals were in sinus rhythm. After day 10, 
the percentage of G628S animals in sinus rhythm gradually declined until all animals 
were in AF by day 21. The relative risk of AF throughout the study was 0.44 (95% 
confidence interval 0.33 to 0.59, P<0.01) among the G628S group versus controls. Atrial 
monophasic action potential was considerably longer in G628S animals than in controls at 
day 7, and KCNH2 protein levels were 61% higher in the G628S group than in control 
animals (P<0.01). Loss of gene expression at day 21 correlated with loss of action 
potential prolongation and therapeutic efficacy. Conclusions-Gene therapy with KCNH2-
G628S eliminated AF by prolonging atrial action potential duration. The effect duration 
correlated with transgene expression. 
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Novel gene therapeutic strategies for the induction of tolerance in cornea 
transplantation. 
Ritter T, Pleyer U. 
College of Medicine, Nursing and Health Sciences, School of Medicine, Regenerative 
Medicine Institute (REMEDI), National Centre for Biomedical Engineering Science 
(NCBES), Orbsen Building, University road, National University of Ireland, Galway, 
Ireland. thomas.ritter@nuigalway.ie. 
 
With more than 100,000 procedures each year, corneal transplantation (keratoplasty) is 
the most frequent transplantation procedure in humans. Technical advances in 
microsurgery have moved forward to transplant isolated layers of the cornea; however, 
immune-mediated allograft rejection is still a key problem and continued therapeutic 
efforts are required to improve the prognosis of keratoplasty. New treatment protocols 
need to be introduced to prevent the rejection of allogeneic grafts. The genetic 
modification of the graft or cells prior to transplantation is an attractive approach to protect 
the graft from allogeneic rejection. The transplant setting offers the unique advantage for 
gene therapy to modify allografts ex vivo prior to transplantation. In this review, novel 
therapeutic strategies using recombinant viruses as gene-transfer vehicles and, more 
recently, the use of gene-modified dendritic cells or regulatory T cells to protect the graft 
from immune-mediated rejection will be discussed. 
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Cystic fibrosis gene therapy: successes, failures and hopes for the future. 
Griesenbach U, Alton EW. 
Department of Gene Therapy, Faculty of Medicine at the National Heart and Lung 
Institute, Imperial College London, Manresa Road, London SW3 6LR, UK. 
u.griesenbach@imperial.ac.uk. 
 
Cystic fibrosis (CF) is a single-gene disorder with insufficient treatment options and a 
target organ, the lung that is relatively easily accessible. Thus, it is not surprising that in 
the early years of gene therapy, CF was at the forefront of this field. Since cloning of the 
CF gene in 1989, 25 Phase I/II clinical trials involving approximately 420 CF patients have 
been carried out using a variety of viral and nonviral gene transfer agents. Most early 
trials focused on the nasal epithelium as a surrogate for the lung to allow for easy access 
and sampling, and, importantly, to ensure safety. Once an acceptable safety profile had 
been established, gene transfer agents were administered directly into the lung. Although 
many of these trials established proof-of-principle for gene transfer in the airways, a gene 
therapy-based treatment has not yet been developed. Here, we will summarize the key 
findings of these clinical studies and describe current preclinical and clinical research 
aimed at further developing gene therapy for CF. 
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The growth of brain tumors can be suppressed by multiple transplantation of 
mesenchymal stem cells expressing cytosine deaminase. 
Chang DY, Yoo SW, Hong Y, Kim S, Kim SJ, Yoon SH, Cho KG, Paek SH, Lee YD, Kim 
SS, Suh-Kim H. 
Departments of Anatomy, Ajou University, School of Medicine, Suwon, Korea. 
 
Suicide genes have recently emerged as an attractive alternative therapy for the 
treatment of various types of intractable cancers. The efficacy of suicide gene therapy 
relies on efficient gene delivery to target tissues and the localized concentration of final 
gene products. Here, we showed a potential ex-vivo therapy that utilized mesenchymal 
stem cells (MSCs) as cellular vehicles to deliver a bacterial suicide gene, cytosine 
deaminase (CD) to brain tumors. MSCs were engineered to produce CD enzymes at 
various levels using different promoters. When co-cultured, CD-expressing MSCs had a 
bystander, anti-cancer effect on neighboring C6 glioma cells in proportion to the levels of 
CD enzymes that could convert a nontoxic prodrug, 5-fluorocytosine (5-FC) into cytotoxic 
5-fluorouracil (5-FU) in vitro. Consistent with the in vitro results, for early stage brain 
tumors induced by intracranial inoculation of C6 cells, transplantation of CD-expressing 
MSCs reduced tumor mass in proportion to 5-FC dosages. However, for later stage, 
established tumors, a single treatment was insufficient, but only multiple transplantations 
were able to successfully repress tumor growth. Our findings indicate that the level of total 
CD enzyme activity is a critical parameter that is likely to affect the clinical efficacy for CD 
gene therapy. Our results also highlight the potential advantages of autograftable MSCs 
compared to other types of allogeneic stem cells for the treatment of recurrent 
glioblastomas through repetitive treatments. 
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Stimulation of functional vessel growth by gene therapy. 
Korpisalo P, Ylä-Herttuala S. 
A.I. Virtanen Institute, Department of Biotechnology and Molecular Medicine, University of 
Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland. 
 
The process of growing new blood vessels through gene therapy may be difficult but is 
certainly possible. This review will discuss the most important factors determining the 
efficacy of angiogenic gene therapy. 
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Epidermal growth factor receptor is a co-receptor for adeno-associated virus 
serotype 6. 
Weller ML, Amornphimoltham P, Schmidt M, Wilson PA, Gutkind JS, Chiorini JA. 
Molecular Physiology and Therapeutics Branch, National Institute of Dental and 
Craniofacial Research, US National Institutes of Health (NIH), Bethesda, Maryland, USA. 
 
A key step in gene therapy is the efficient transfer of genes in a cell type- and tissue-
specific manner. To better understand the mechanism of adeno-associated virus serotype 
6 (AAV6) transduction, we used comparative gene analysis (CGA) combined with 
pathway visualization software to identify a positive correlation between AAV6 
transduction and epidermal growth factor receptor (EGFR) expression. Subsequent 
experiments suggested that EGFR is necessary for vector internalization and probably 
functions as a co-receptor for AAV6. 
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Quantitative, structural, and image-based mechanical analysis of nonunion fracture 
repaired by genetically engineered mesenchymal stem cells. 
Kallai I, van Lenthe GH, Ruffoni D, Zilberman Y, Müller R, Pelled G, Gazit D. 
Skeletal Biotech Laboratory, The Hebrew University - Hadassah Faculty of Dental 
Medicine, PO Box 12272, Ein Kerem, Jerusalem 91120, Israel. 
 
Stem cell-mediated gene therapy for fracture repair, utilizes genetically engineered 
mesenchymal stem cells (MSCs) for the induction of bone growth and is considered a 
promising approach in skeletal tissue regeneration. Previous studies have shown that 
murine nonunion fractures can be repaired by implanting MSCs over-expressing 
recombinant human bone morphogenetic protein-2 (rhBMP-2). Nanoindentation studies of 
bone tissue induced by MSCs in a radius fracture site indicated similar elastic modulus 
compared to intact murine bone, eight weeks post-treatment. In the present study we 
sought to investigate temporal changes in microarchitecture and biomechanical properties 
of repaired murine radius bones, following the implantation of MSCs. High-resolution 
micro-computed tomography (micro-CT) was performed 10 and 35 weeks post MSC 
implantation, followed by micro-finite element (micro-FE) analysis. The results have 
shown that the regenerated bone tissue remodels over time, as indicated by a significant 
decrease in bone volume, total volume, and connectivity density combined with an 
increase in mineral density. In addition, the axial stiffness of limbs repaired with MSCs 
was 2-1.5 times higher compared to the contralateral intact limbs, at 10 and 35 weeks 
post-treatment. These results could be attributed to the fusion that occurred in between 
the ulna and radius bones. In conclusion, although MSCs induce bone formation, which 
exceeds the fracture site, significant remodeling of the repair callus occurs over time. In 
addition, limbs treated with an MSC graft demonstrated superior biomechanical 
properties, which could indicate the clinical benefit of future MSC application in nonunion 
fracture repair.  
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Caspase-9-dependent decrease of nuclear pore channel hydrophobicity is 
accompanied by nuclear envelope leakiness. 
Kramer A, Liashkovich I, Oberleithner H, Shahin V. 
Institute of Physiology II, University of Münster, Germany; London Centre for 
Nanotechnology, University College of London, United Kingdom. 
Advances in nano-medicine require conceptual understanding of physiological processes. 
Apoptosis is a fundamental physiological process, which is characterised among other 
things by an increased permeability of the nuclear envelope (NE). The latter is a tight 
transport barrier, known to restrict nuclear delivery rate of therapeutic nano-particles. 
Therefore, an understanding of the underlying mechanism, which leads to the breakdown 
of the barrier during apoptosis, could stimulate the development of new approaches in 
gene therapy. We set out to elucidate this mechanism following induction of apoptosis on 
isolated cell nuclei. We tested the hypothesis whether caspases, mediators of apoptosis, 
trigger the NE leakiness at the level of the nuclear pore complexes (NPCs) using 
fluorescence techniques. As the permeability barrier inside the NPC channel is thought to 
be based on hydrophobic-hydrophobic protein interactions we further investigated the 
NPC channel hydrophobicity using atomic force microscopy (AFM). Caspase-9 was found 
to induce NE leakiness to large macromolecules. Leakiness was prevented by 
pretreatment of NPCs with an importin-beta mutant, which irreversibly binds and thereby 
obstructs the NPC channel. Utilizing an ultra sharp, hydrophobic AFM tip as a chemical 
nano-sensor, which reaches deep into the apoptotic NPC channel, a remarkable 
decrease of hydrophobic binding sites was detected therein. We conclude that caspase 9 
gives rise to NE leakiness by perturbing the hydrophobicty-based barrier inside the NPC 
channel. This explains the high passive NE permeability in early apoptosis.  

 


