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ABSTRACT

Human proliferative adipocytes propagated via ceiling culture technique from
subcutaneous fat tissue (designated as ccdPA) were evaluated for their potential as a
recipient for retrovirus vector mediated gene transduction for a therapeutic protein
delivery vehicle. The simple exposure of ZsGreemexpressing vector supernatant
achieved 40-50% transduced gene-positive cells with less than two integrated copies of
viral genome per cell on average using a cell preparation generated by a 7-day ceiling
culture. The /cat gene-transduced human ccdPA secreted functional LCAT protein,
correlating with the integrated copy number of vector genome. The gene-transduced
cells could be expanded up to nearly 1012 cells from 1 g of fat tissue within one month
after fat tissue preparation. They also maintained the potential to differentiate into
adipocytes 1in vitro. The presence of human LCAT protein in serum was
immunologically identified upon transplantation of leat-expressing ccdPA into adipose
tissue of immune-deficient mice. These results indicated that human ccdPA has a novel
therapeutic potential for the LCAT deficient patients. The clinical application in
combination with cell transplantation shed a light on a development of a life-long

protein replacement therapy for LCAT deficient patients.

Keywords: adipocyte, ceiling culture, protein replacement therapy, gene therapy,

retrovirus vector, lecithin:cholesterol acyltransferase
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INTRODUCTION

The intriguing biology of pluripotent stem or progenitor cells has now led to the
possibility to develop novel approach for the sustained production of therapeutic
proteins to treat serum protein deficiencies.!3 The ability of cells to self-renew at a high
proliferation rate has led to the expectations that they would be ideal targets for
retrovirus vector-mediated transgene delivery.23 Since the protein-producing cells are
manipulated by ex vivo gene transduction in combination with autotransplantation to
recipients in this strategy, host immune response against virus vectors can be
minimized or essentially ignored. Studies along this concept have investigated the
treatment of various diseases in animal models.413

Much attention has been paid to adipose tissue as a source of the cells with the above
potency for therapeutic applications, since relatively large quantities, particularly a
substantial number of cells capable of self-renewal, can be obtained by a simple
operation with minimal risk.1415 Two types of preparations have been used as sources of
adipose-tissue derived proliferative cells. One is stromal-vascular fractions (SVFs)
which can be obtained as sediment by centrifugation of collagenase-digested fat
tissue.1617 The cells obtained are pluripotent to differentiate to various cells, such as
cardiomyocytes, chondrocytes, and osteoblasts in addition to adipocytes.'® The other is
obtained from the mature fat cell containing floating fraction of the centrifugation,
followed by a ceiling culture.!® The cultured cells maintain the ability to differentiate to
mature adipocytes at a high frequency.1219.20 Therefore, a ceiling culture may be the
optimal method to prepare a proliferative cell population to differentiate into mature
adipocytes.

Lecithin:cholesterol acyltransferase (LCAT) is responsible for the conversion of
plasma unesterified cholesterol into cholesteryl ester.2! Through the esterification
function, LCAT plays a central role in the formation and maturation of high-density
lipoproteins (HDL), which is involved in reverse cholesterol transport.2! Genetic LCAT
deficiencies have been identified.212¢ Plasma LCAT is either absent or exhibits no
catalytic activity in patients with familial LCAT deficiency. Cholesterylesters in
lipoproteins are markedly reduced, abnormal cholesterol deposition is observed in their
tissues, and the patients often develop corneal opacity, anemia, proteinuria, and renal
failure. Replacement therapy with recombinant LCAT protein has not been established
mainly because this is a rare condition and the expensive of production of recombinant
protein. Therefore, life-long treatment with autologous cell-based therapy could
therefore positively contribute to the continuous replacement of enzymes.

In this study a target cell population for the cell-based therapy of LCAT deficiency
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patients was prepared from adipose tissue using the ceiling culture technique, and
designated the target cells as ceiling-culture derived proliferative adipocyte (ccdPA).
This study assessed the production process and the suitability of human cedPA as a
recipient for retrovirus vector-mediated gene transduction. The efficacy and the safety
of lecat-gene transduced ccdPA as a LCAT-secreting device for protein replacement
therapy were investigated using animal transplantation model. Therefore, we have
developed stable protein producing human ccdPA with both a self-renewal and high

expansion capacity.

RESULTS

Preparation of gene-transduced human ccdPA

The optimization of cell-processing steps was carried out with fat tissues obtained from
16 healthy volunteers (C001-C016). Adipose-tissue derived proliferative cells were
assessed for their suitability of ceiling culture, gene transduction, and cell expansion,
using two culture media, DMEM/F12-HAM supplemented with 20% FBS (DMEM/FBS)
and MesenPRO medium, which was originally developed for mesenchymal stem cells,
respectively. The ceiling culture was performed in DMEM/FBS in comparison to
MesenPRO medium. The cell yield of C012 after the ceiling culture were 7.1 x 105+ 1.0 x
105 and 2.1 x 105 £ 0.2 x 105 cells in DMEM/FBS and MesenPRO medium, respectively,
showing that more of cells were obtained in DMEM/FBS than in MesenPRO medium
(p<0.05). Flow cytometric analysis showed that cells in DMEM/FBS tended to be
homogeneous in shape and size, in comparison to those in MesenPRO medium (Figure
1a). The gene transduction of the cells after ceiling culture was next assessed in the two
media. The above cells frozen stocked after ceiling culture with DMEM/FBS were
recovered, incubated for 4 days, and seeded for gene transduction in MesenPRO
medium or DMEM/FBS. After transduction with the Jeatexpressing retrovirus vector,
the cells were passaged several times with the respective medium, and cell samples
were subjected to copy number quantification at each time point (Figure 1b).
DMEM/FBS was more effective than MesenPRO medium for gene transduction of
human cedPA when retrovirus vector was employed under the condition used. Finally,
the effects of the incubation media on the gene-transduced cell expansion were
examined. The doubling times of the cells in the MesenPRO medium were significantly
shorter than those in DMEM/FBS (31.7 + 4.8 hours vs. 119.4 + 29.6 hours, p<0.05). The
transduced cell number expanded to more than 3 x 104 folds of original number in a
month in MesenPRO medium (Figure 1c). Therefore, DMEM/FBS was chosen for the

ceiling culture and gene transduction, and the MesenPRO medium for cell expansion of
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cedPA, respectively, in the subsequent experiments.

Characterization of human ccdPA

The cell surface antigen profile was analyzed by FACS for human ccdPA (Figure 2a).
The populations of CD31/CD45- cells were significantly increased in ccdPA preparation,
in comparison to the SVF-derived cells (99.1 + 0.3 % vs. 95.6 = 0.1 %, p<0.05), thus
indicating that ceiling culture technique excludes CD31-positive and/or CD45-positive
cell populations in comparison with the cells prepared from SVF. The ccdPA were
positive to CD9, CD10, CD13, CD29, CD44, CD59, CD90, CD105, CD146, and
HLA-ABC, and negative to CD31, CD34, CD45, CD54, and CD106. They were
moderately positive to CD49d and CD65, and a substantial number of cells were CD36
positive (a marker of adipocytes).25 The populations of CD36-positive cells after a 14-day
in vitro culture of ccdPA were significantly lower than those at 7 days (p<0.05, Figure
2b).

Retrovirus vector-mediated gene transduction and the transduced gene derived protein
secretion of human ccdPA

Human ccdPA was evaluated as a recipient of MoMLV-based gene transduction in
various concentrations of vector and protamine sulfate (PS) with single-round
transduction using a ZsGreen expressing vector. Two types of cells were analyzed, one
was just after harvesting from the ceiling culture (CF7(7)), while another was further
cultured in the normal manner for a week (CF7(14)) in DMEM/FBS. The integrated
copy number could be increased to about 1.7 and 2.5 copies/cell in CF7(7) and CF7(14),
respectively, and a good linear correlation was observed between the integrated copy
number and transduction efficiency (% ZsGreen-positive cells) (Figure 3a). The
transduction efficiency as well as the integrated copy number, was significantly
different between the cells of same batch at Dayl and Day2 of gene transduction
(Figure 3b). These results showed that the cells with higher transduction efficiency of
the transduced gene with a lower integrated copy number were obtained by the
transduction for the cells which were seeded and incubated overnight following a 7-days
ceiling culture (CF7(8)). The cells of CF7(8) were examined as a vehicle for delivering
human Jcat gene. The transduction analysis using ZsGreen vector showed that vector
concentration of 2.0 x 109 RNA copies/ml resulted in a good correlation between the
integrated copy number and ZsGreen-positive cells in two different cell batches (Figure
3a). The use of the maximum achievable concentration (3.1 x 109 RNA copies/ml) of
CGT _hLCATRV was compared with that using a concentration of 2.0 x 109 RNA
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copies/ml. Transduction of CF7(8) with 3.1 x 109 or 2.0 x 109 RNA copies/ml of the vector
resulted in no difference in the integrated copy number (1.65 + 0.12 vs. 1.56 + 0.23
copies/cell). The LCAT protein produced by the /cat gene-transduced human ccdPA was
analyzed (Figure 3c and 3d). Seven days after gene transduction, 1 x 105 cells were
seeded in 12-well plate, grown for three days, and the supernatant was collected for the
assay. The LCAT protein production and the LCAT activity were determined by
immunoprecipitation/immunoblot (IP-Western) and a cholesterol esterifying assay in
the medium, respectively. The LCAT protein and activity significantly correlated with
the integrated copy number (r=0.917 and 0.954, respectively, p<0.05). Therefore, the
activity of the LCAT protein produced by the gene-transduced ccdPA was estimated by
the integrated copy number. The leat-gene transduced ccdPA produced LCAT protein
with a specific activity of 5.2 + 0.5 fmol esterified-cholesterol/integrated copy/hr in the

culture medium within 3 days.

Properties of the Icat-gene transduced human ccdPA during the manipulation process

The effect of in vitro manipulation was evaluated on the ccdPA characteristics with
regard to the ability for adipogenic differentiation, expansion rate, cell surface marker
expression, transgene stability and anchorage-independent cell growth. The cells were
stimulated to differentiate and Oil Red O staining demonstrated the transduced cells
had clearly changed into adipocytes (Figure 4a-4f), and the appearance was not
obviously different from the cells without gene transduction. Triglyceride contents
showed no significant difference between transduced and control cells in C014 samples
(1.30 + 0.43 vs. 1.25 + 0.27 mg/mg protein, respectively). The proliferating cell number
and the resulted doubling time showed no significant difference between the transduced
cells and control cells (Figure 4g). In addition, no significant difference was observed in
the expression levels of the cell surface markers between the transduced cells and the
control cells (Figure 4h). The integrated copy number in the transduced ccdPA was
monitored to assess the fate of the transgene during the culture period for 35 days
(Figure 4i). The integrated copy number gradually decreased (also see Figure 1b), but it
did not significantly change after a week from gene transduction. A Southern blot
analysis using human Jcat gene as a probe revealed that only a faint smeared signal
was detected independent of the genomic /catlocus, indicating that no amplification of a
specific clone had occurred during the expansion process (Figure 4j). A soft agar assay
showed that no anchorage-independent colony formation was observed in the
gene-transduced human ccdPA (data not shown). These results demonstrated that the

effect of gene transduction was negligible (or denied) on the characteristics of the
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