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Abstract: The shoehwave-induced effects of celI lysis and sonoporation of sumiving cells were investigated for possible
application to anti-tumor therapy. Shochw,aves were generated by a system similar to a Domier W-3 Iithotripter. In v;Iro

exposures of B16 melanoma uII sus~nsions containing a DNA reporter plasmid indicated signi fican I transfcction. Results were
enhmd by l=ving an W space h the exposure chambers to promote cavitation activity. IJ1\Jivo,plasmids and air were injected
into melanoma tumors befo~ exposure. 8i@wt IucKmase prod uction recurred for 200, 400, 800 and 1200 shockwaves with
air injation. Results areencouragingfor future development of simultaneous shochw’ave treatment and gene therapy of tu mors,

~RODUCTION

Lithotripter shockwaves cause cell lysis in vi[ro(l ). h recent studies of whole blood, shochnvave-induced hemolysis
in vitro approached 10 ‘/0 & 5M sheck~vaves, but wdd be enhanwd to 59 0/0 by addition of an air bubble to the exposure

charnb~2). The latter observation indicates that the effect is indirectly induced by the shockw’a\’cs via ca\ila[ion ac[ii’i[y,

which is augmented by the added bubble. Cell lysis results from tieversible cell membrme damage \\hich, in the case of
e~tioc}les, releases the hemoglobin into the swounding medium. External molecules can also leak in[o injured cells,
and remain trapped inside if the cells survive. This cell-permeabilization and re-sealing effect has been temed
sonoporation, ShocL~vave-kduced loading of cells with large fluorescent destrars molecules has been demonstrated in
whoIe bld in vitro when a bubble \vas addd to the exposure chamber to enhance cavitation activity (3). The sonoporation
of erythrocytes was associated with hemolysis and also with microsphere formation. The number of surviving cells
decreased expnentidy, but tie fraction of the titig mfls which were loaded with the macromolecule tended to increase
with hcreasing numbers of shockwaves. ~s process can be described by a simple theoretical model, which explains the
otherwise p~ling observation that the percentage of the Mtial cell number becoming fluorescent remained roughly
constant for the range 250 to 1000 shockwaves (3).

Other large molecules including DNA, which are normally excluded by cells, can be loaded into cultured cells by
shockwave exposure in the presence of the molecule(4). The transfer of exlemal DNA into cells opens the possibility of
gene trtier into the cells, and utilization of this phenomenon for gene therapy. However, the des~c[ive cell Iysis efiec{
of shockwave exposure tends to limit the range of acceptable targets. One target for which significant tissue destruction

can be aqtable is canm. Research into applications of shockwave lithotripsy has suggested some promise in treatment
of mali~ant tumors, which stier mechanical damage via shockwave-bduced acoustic cavitation 1). Gene transfer has
r-ived wide attention as a potential method of tumor therapy, but new ways to accomplish gene transfer to targeted regions
in vti are needed (S). Shce shockwave tieatment can produce both tissue destruction and gene transfer, the simultaneous
application of gene therapy during shockwave treatment may be a plausible prospect for tumor therapy. In this paper,
progress in understanding sonoporation and its application for tumor gene tierapy are discussed.

METHODS

The B 16 mouse melanom% a establish tumor mdel which has received attention in gene therapy research, \vas used
to evahsate the potential for gene transection into cancer cells(6). Cells were cultured by standard melhods in Dulbecco’s

M~ed Eagle Medium supplemented with 10VOfetal bovine serum. The cells could be exposed in vitro in suspensions
or in vivo in tumors implanted in female C57BL/6 mice. The cells were hplarsted toward tie lefi side of the abdomen, at
0.1 rrd with 2 x 10s cells per mouse. A lucifer~e reporter vector (Control plastid pGL3, Promega, Madison, W) was

utilized as the plasmid for insertion and subsequent transient expression within the cells, as described in earlier work (7).
The lithotripter system employed h Ms study was similar to a Domier W-3 lithotripter, and produced shockw’a~’es
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at a 2 Hz rate wifi a spatial pd pressure amplitude of 24.4 MPa (5.2 ma standard devia(ion) pe& positi\’e and 5.2 ma
(1.3 ma s.d.) pe& negative. The water in the exposure bath was degassed and continuously filtered to minimize the
occurrena of cavitation in the water, and maintainedat37 “C. Cultural cells were harvested and suspended at 2,5 x 10s
d* together with a fsnal DNA concentration of 20 p~rrd. For in vitio exposure, 1 ml of the suspension was loaded into
tie polyethylene transfer pipettes, which constituted the exposure chambers. The pipette bulbs held about 1.2 ml, bu[

ody 1 rrd of the suspension was loaded into tie bulb, leaving a 0.2 rrd air bubble which rose to the top of the chamber and
served to enhance cavitation activity. Mer exposure, the cell suspensions were cultured for one day before assay of
Iuciferase production.

Tumors growing ill vivo were subjec(ed to shockn!rave treatments 10-14 days after cell implan[a!ion. All it) ~’ivo
procedures tioughout the study \vere in accord t~iti the gui&ce and approval of the institutional Animal Care Commi[tce.
After tie tumor area was shaved and depilated, the \olume of each tumor \vas eslimated and a volume of 2 mg ml”l DNA

solution equal to 100/0of the tumor volume was injected into the tumor. For some experiments, a \’olume of air equal to
10 ‘A of tumor volume was also injected into the tumor to enhance cavitation activity. Finally, the mouse was mounted on
a plastic board in tie water bati for shoc~~vave exposure. Either immediately or one day after exposure i~~vivo, mice \vere
sacrificed by COZ asphyxiation for cell isolation and gene expression assay.

RESULTS ~ DISCUSSION

In vitro exposure produced a dramatic reduction in one-day survival of B 16 cells, similar to cell lysis produced in

whole bid. Luciferase activity found tier one day of culture increased with increasing numbers of shockwaves. These
in vibo resdts cotimd the shoch’ave-induced transection of the plasmid into B 16 melanoma cells and the subsequent
expression of the reporter gene product,

Results for exposure of tumors in vivo, fo~ow’ed by immediate isolation and culture of tumor cells for one day were less
than for in vifro exposure but clearly demonstrated a statistically si@lcant increase in luciferase production afier
shochave exposure relative to sham e~osures. Transection was detected with DNA injection only, but air injection gave

approximately a seven-fold enhanmment in the results. Exposure to 200, 400, 800 or 1200 shockwaves with air injection
yielded si@lcantly increased luciferase production for all treatments relative to shams, but the effect was approximately
mnstant over this range. The rou~y constant transfwtion was mnsistent with tie roughly constant cell loading found in
erythrocfies and with tie simple model of the Iysis and sonoporation effects (4).

Exposure with the isolation of ~or w~s delayed for a day to allow expression of the repofler gene \vi[hin the growing
tumors rdlowed tie antitumor effect of the shochaves, which can greatly reduce cell \’iability, to play a role in [he results.
Luciferase production was increased relati~’e to shams with or without air for 100 and most 400 shock~va~e [rea[ments.

These results demonstrated that transient transection of reporter genes into melanoma cells can be induced by
lithotripter shabaves both in vi/ro and in vivo. The expression was maintained at higher exposures, \vhich implies that
higher treatment levels do not eliminate the transected cells. Finally, the reporter expression persisted in most tiealed
tumors for at least a day, which indicates a potential for carry-over of a gene-therapeutic eflect through the (issue-ablation
phase of the shwhave treatment These results are encouraging indications for fiture development of simultaneous gene
therapy and shoc~ave treatment of cancer.
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