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Abstract

Effective virus-mediated gene therapy for cancer will be facilitated by
procedures that enhance the low level of gene transfer mediated by
replication-deficient, recombinant viral vectors. We found recently that
protease pretreatment of solid tumors is a useful strategy for enhancing
virus-mediated gene transductionin vivo. In this study, we examined the
potential of protease pretreatment to improve the efficacy of a gene
therapy strategy for prodrug activation that depends on infection with a
recombinant adenovirus encoding herpes simplex virus thymidine kinase
(Ad-HSV-tk). Trypsin or a dissolved mixture of collagenase/dispase was
inoculated into xenografts derived from the human glioblastoma multi-
forme-derived cell lines, U87 or U251. Ad-HSV-tk was administered 24 h
after protease pretreatment, and animals were then treated for 10 days
with ganciclovir (GCV). We found that protease pretreatment increased
the efficacy of adenovirus mediated HSV-tk/GCV gene therapy in these
experimental tumor models. Mice receiving Ad-HSV-tk/GCV after pro-
tease pretreatment demonstrated a significantly greater regression of
tumors compared with those treated with Ad-HSV-tk/GCV alone. No

major obstacle to the successful application of gene therapy strategies
that rely onin vivo virus-mediated transduction of tumor cells is the
poor distribution of recombinant viral vectors throughout the tumor
mass. Advances in gene therapy will depend on the development of
vector delivery systems capable of the efficient introduction of genes
into target cells.

Adenoviral vectors have been evaluated extensively for use in gene
therapy because of their ability to be produced at high titers and to
transfer foreign genes into a wide variety of nondividing and dividing
cells (10-14). However, the use of these recombinant viruses is
limited by poor transduction efficiency and a limited distribution of
transgene delivery. This has been particularly problematic for the
treatment of solid tumors in general and of brain tumors in particular
(15-17). To address this problem and to enhance current gene therapy
approaches for the treatment of GBM, we evaluated protease pretreat-
ment as a means of enhancing viral vector-mediated gene transfer
(18). In that study, we found that protease pretreatment of GBM-

adverse effects of protease pretreatment were observed. No signs of me-de”VEd _Xenc’graﬂs resulted in increased Ie_Vels Of_ V'ra_'l transgene
tastasis were seen either by histological inspection of lymph nodes or by a €XPression as a result of enhanced recombinant virus infection. To
PCR-based analysis of selected mouse tissues to detect human tumor cellsextend these observations, we have evaluated the usefulness of this
Our findings indicate that protease pretreatment may be a useful strategy Strategy to improve the efficacy of a suicide gene therapy strategy

to enhance the efficacy of virus-mediated cancer gene therapy.

Introduction

dependent on the extent of gene transfer by Ad-HSV-tk for the
treatment of animals bearing GBM-derived xenografts (19, 20). To
characterize further the therapeutic potential of this strategy, the
effects of the protease pretreatment on tumor invasion and metastatic

GBM?3is highly invasive anq resistant to conventior]al radio.thera Yimor spread were also evaluated.
and chemotherapy (1). Despite attempts at aggressive multimodality
treatment regimens using surgery, radiation, and chemotherapy, th@tgerials and Methods
has been little progress in improving the outcome of patients with
such tumors in the past decade. The current treatment of these braif@ell Culture. The human GBM cell lines U87 and U251 were obtained
tumors remains largely palliative (1). New therapeutic approaché@,m American Type Culture Collection. Cells were grown in DMEM and

such as gene therapy, hold promise for the development of improvit}

treatment strategies.

Therapedtic strategies that use gene transfer are being explored, f

plemented with 10% fetal bovine serum and penicillin/streptomycin in a
humidified atmosphere of 5% CO

Adenovirus Preparation. The recombinant replication-deficient adenovi-
Q,r AdBgal (kindly provided by Dr. Perry Nissen, University of Texas,

the treatment of brain tumors (2, 3). Several gene therapy strategi@siin, Tx), containing theEscherichia coliBgal gene under control of the

appear promising based upon studiesivo in animal models (4-9).

Rous sarcoma virus long terminal repeat promoter, and Ad-HSV-tk encoding

Such approaches involve the transfer of genes encoding many diffi@rirom HSV (provided by Dr. Arbans K Sandhu, Institute for Human Gene
ent types of molecules including prodrug-activating enzymes, cyt®herapy, Philadelphia, PA) were propagated in 293 cells and purified by CsCl
kines, and growth inhibitors. In virtually all cases, the efficacy of sucensity centrifugation. Recombinant adenovirus was titered by determination
therapies has been limited by low levels of transgene transductionofghe TCIDs, (tissue culture infectious dose for 50% of the cells). Viral stocks
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were stored in 10% glycerol and kept-aB0°C until use.

Protease Treatment and Virus Infection of Immunosuppressed Mice
Béearing GBM Xenografts. Female BALB/c homozygous nudey/ny mice,
weeks of age, were maintained in a pathogen-free environment throughout

the experiment. Animals were inoculated s.c. with cells from the human

* Supported in part by the Anne and Jason Farber Foundation, the Betz Foundation,@mi-derived cell lines, US7 (% 10° cells) or U251 (5% 10° cells). At 9 days

the Jordan and Kyra Memorial Fund. N. K. was the recipient of a fellowship from T
Uehara Memorial Foundation.

h

Sfter inoculation of the cells, animals with xenografts that were 0.6—0.7 cm in

2T whom requests for reprints should be addressed, at Department of Neurologféi@meter were treated with intratumoral injections of PBS, PBS containing
Surgery, Brain Tumor Research Center, HSE 722, 513 Parnassus Avenue, San Frandiggpsin (100ng; Sigma Chemical Co., St. Louis, MO), or PBS containing a

CA 94143-0520. Phone: (415) 476-6662; Fax: (415) 476-0388; E-mail: israel@socraigfixture of collagenase and dispase (L@; Boehringer Mannheim, Inc.,

ucsf.edu.
3 The abbreviations used are: GBM, glioblastoma multiforme; 4@, adenovirus-

Indianapolis, IN). Each treatment consisted of 3@0of saline or protease

B-galactosidase; HSV-tk, herpes simplex virus-thymidine kinase: pfu, plaque-formigglution per tumor injected as 23 into each of the four tumor quadrants.

unit; GCV, ganciclovir; GFP, green fluorescent protein.

Twenty-four h after protease treatment, Ad-HSV-tk or Bdyal was inocu-
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lated directly into the center of the tumor L10° pfu in 50 ul of saline). After  Results

administration of Ad-HSV-tk or Ad3gal, animals received an i.p. injection of .

GCV (50 mglkg), a prodrug that requires activation by HSV-TK, twice daily Effect of .Protease Pretreatment on Xenograft Growth.Prior to

for 10 consecutive days. the evaluation of protease as an adjunct to gene therapy, we sought to
Tumor size was measured using calipers every 2 days, and tumor volufiRiermine whether protease pretreatment itself affected the growth of

was determined using the simplified formula for a rotational ellipsoid: leng®BM-derived tumor xenografts. We inoculated animals bearing tu-

(mm) X the square of the width (mrh) /6 (Ref. 21). The tumor size of U87 Mor xenografts with intratumoral proteases prior to mock treatment

and U251 flank xenografts was determined for 50 days after cell inoculationjth Ad-Bgal (Fig. 1). Tumor xenografts in animals treated with either

and xenografts were excised and weighed at day 50. We examined dailyteypsin, collagenase/dispase, or PBS showed similar growth kinetics,

identically treated cadre of animals for survival until day 200 and scored theaind all tumors grew to the same final volume3500 mn?, with

as dead when tumors increased to 20 mm in any dimension. similar kinetics (Fig. 1). These results demonstrate that intratumoral
Examination of Secondary Metastasis in Mice Bearing GBM Xe- protease inoculation has no effect on the growth of U87 GBM-derived

nografts. Metastases in mice-bearing GBM xenografts were evaluated imor xenografts.

three ways: H&E staining of lymph nodes; fluorescence microscope exami-Effect of Protease Pretreatment on the Efficacy of Ad-HSV-tk/

nation of major organs in mice bearing xenografts of U251 cells transfectestyy Gene Therapy. To determine whether the enhanced gene

with a recombinant DNA construct encoding GFP; and PCR analysis of majosnsfer that we reported previously following protease treatment

tl_ssues. To evaluate metastases tg lymph _nodes, all visible lymph nodes WEEId improve the efficacy of gene therapy (18), we treated human

dlssgcted frgm the abdomen of I:T‘IICE bearing U87 xenografts FJI’] day 50 a BM xenografts in mice with Ad-HSV-tk/GCV gene therapy. In

cell inoculation. We evaluated mice from each of three groups: mOCk_treat?#eliminary experiments, we identified a dose of virus that was

treated with Ad-HSV-t/GCV alone; and trypsin pretreatment combined Wisubthera eutic and did not result in a complete inhibition of tumor
Ad-HSV-tk/GCV. Lymph node specimens were fixed in 10% formalin, em- P P

bedded in paraffin, sectioned at 10n thickness, and stained with H&E. growth (data not shown). Nine days after tumor cell inoculation,

To further examine the possibility of metastases of human tumor cells frotMmor-bearlng mice were treated with intratumoral injections of either

the xenografts to major organs, xenografts were established in mice with Ué%@s' trypsin, or collagenase/dispase 1 day before a single intratu-

cells that had previously been stably transfected with an expression constm&ral injeCtior_‘ of 50ul Of_ saline containing 1x :_Log pfu_ Ad'H_SV'tk
encoding GFP. Fifty days after the administration of Ad-HSV-tk/GCV theraplf - 2). All animals received GCV (50 mg/kg) i.p., twice daily for 10
with trypsin pretreatment, tumor xenografts and major organs (lung, liver, af@ys, starting 1 day after the administration of recombinant adenovi-
brain) were dissected, frozen in Tissue-Tek OCT compound (Sakura Finettls. We found that trypsin or collagenase/dispase pretreatment en-
U.S.A., Torrance, CA), and stored until use-s80°C. Histological sections of hanced the response of tumors to treatment (Fig. 2). Over the entire
these tissues were examined for the expression of GFP by fluoresceh€eday observation period, similar effects were found with the treat-
microscopy. Other mice bearing these xenografts were sacrificed on dayraeént of xenografts from both the U87 and U251 cell lines. To
after the inoculation of tumor cells and evaluated for micrometastasis by P@Bcument further this therapeutic enhancement, we sacrificed animals
analysis of DNA from their major organs. We performed PCR analysis usifg) days after the initiation of the tumor xenografts and weighed the
primers for GFP to determine whether GFP-transfected tumor cells had mee. tumors. There was a significant decrease in the weight of U87 and

tastasized to these tissues. PCR amplification was used to identify eitheya51 xenografts treated with either trypsin or collagenase/dispase
484-bp GFP fragment or a 571-bp fragment from fhactin gene using two

pairs of primers: upper GFP primer,-BCCCTGGTGACCACCCTGAC-
CTAC-3 and lower GFP primer,'SGGACCATGTGATCGCGCTTCTCGT-

3'; upper B-actin primer, >ATGGATGACGATATCGCTG-3 and lower A B

B-actin primer, >ATGAGGTAGTCTGTCAGGT-3. The primer pair for

mousep-actin was used as a control for the PCR reaction. The conditions for 3990 3500

PCR amplification were 30 cycles of 94°C for 1 min, 60°C for 1 min, 72°C for

1 min, followed by 72°C for 10 min. Reaction products were separated by gel 8000 3000

electrophoresis on a 1.5% agarose gel and stained with ethidium bromide. «’52500 2500
Evaluation of the Effect of Protease Administration on Normal Ratand g

Human Brain Tissue Architecture. Adult female Fischer 344 rats were 22000

anesthetized with an i.p. injection of 3QQ of 0.85% saline containing 60 2 2000

mg/kg of ketamine and 7.5 mg/kg of xylazine. After the rats were immobilized; 1500

in a stereotaxic apparatus, a linear incision was made over the bregma, an€a 1500

burr hole was drilled in the skull 1 mm anterior and 3 mm lateral to the bregm& 19g0 1000

bilaterally. Tenul of saline or trypsin (10Qug) were injected at the depth of

3.5 mm below the dura, using a 28-Hamilton syringe with 22-gauge needle. 500 500

Twenty-four h later, the rats were euthanized, and the brains were removed,

fixed in 10% formalin, and stained with H&E. 0 i ] ] o , S
We obtained normal human brain, white and gray matter, for histological 0 5 10152025 30354045 50 0 5 10152025 3035 4045 50

evaluation immediately after autopsy. Saline or 1@pof trypsin mixed with Days after inoculation Days after inoculation

black ink (10 ul) were injected directly into these tissues using ap25- )
Hamilton syringe with a 22-gauge needle. Afteh incubation at 37°C in a Fig. 1. Effeqt of protease pretreatment on xenqgraft growth.'FemaIe BALB/c homozy-
ous nude mice, 6 weeks of age, were s.c. inoculated with cells from the human

humidified atmosphere of 5% COwe fixed the specimens in 10% formalin, GBM-derived cell line, U87 (7x 10° cells). On day 9 after the inoculation of cells,
stained with H&E, and examined them histologically for morphological evianimals with xenografts measuring 0.6—-0.7 cm in diameter were pretreated with either
L - intratumoral injections of 100l of PBS @), PBS containing trypsin (10@g; M), or PBS
dence .Of.changes In tissue ar,Ch_IteCture' . . _containing a mixture of collagenase/dispase (10 A). Ad-Bgal (1 X 10° pfu in 50 ul
Statistical Analyses. All statistical analysis was performed using Statviewys saline) was administered 1 day after protease pretreatment. Animals inoculated with
software (Abacus Concept, Inc., Berkeley, CA; 1994). Unpditedt analysis adenovirus were further treated with GCV for 10 days starting 24 h after virus inoculation.

was used to compare tumors receiving different treatments. Kaplan-Mefgy Was administered by i.p. injection twice daily, at a dose of 50 mg/kg injection. U87

. . . . }Ior U251 @) s.c. flank xenografts in immunodeficient mice were measured using
survival curves were (?alculated. Differences in survival between treatm ipers until day 50, and the tumor volume was calculated. Eeafit represents the
groups were tested using the log-rank test. average volume from seven mice. Data are shown as the mieanssSD.
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A Effect of Trypsin on Rat and Human Brain Tissue. To evaluate
700 x the effect of protease pretreatment on the architecture of normal brain
E 600 5 tissue, rat brain specimens were evaluated histologically 24 h after
% 500 T inoculation with saline or trypsin. Pretreatment of these normal tissues
E 400 3 GV with proteases resulted in no apparent morphological changes (Fig. 5).
° 300 l_ We also evaluated the effect of protease on normal human brain tissue
‘2200 (kir_1d|y _provided_ by _Dr. Andy Bgllen, Departmgnt of Pathology,
2 100 University of California San Francisco, San Francisco, CA). After the
0 inoculation of trypsin into human brain autopsy material and incuba-
0 5 10 15 20 25 30 35 40 45 50 tion at 37°C for 4 h, we were unable to detect any histological
Days after inoculation evidence of protease-mediated tissue damage in either white or gray
B matter (data not shown).
900 Effect of Protease Pretreatment on the Metastatic Potential of
e f;gg x GBM Xenografts. Our experiments indicated that the administration
£ = of intratumoral protease enhanced the efficacy of adenovirus-medi-
= 600 7 . .
2 500 T ated gene therapy. We believe that this enhancement resulted from
2 400 2 protease-mediated degradation of extracellular matrix proteins found
,2300 l in the tumor tissue. Although the extracellular matrix of brain is
E 200 distinctly different from that of brain tumors, we examined mice after
= 100 treatment for evidence of increased tumor invasiveness and enhanced

00 5 10 15 20 25 30 35 40 45 50 metastatic potential in three ways: H&E staining of the lymph nodes;
fluorescence microscopy of tumors to identify GFP-transfected tumor
cells; and PCR analysis of mouse tissues for evidence of human
Fig. 2. Effect of protease pretreatment on Ad-HSV-tk/GCV treatment. After the
establishment of U87A) or U251 B) xenografts, mice were pretreated with intratumoral
injections of 100ul of either PBS @), 10 ug trypsin @), or 100u.g collagenase/dispase
(A). One day after protease treatment, all mice were inoculated intratumorally with
Ad-HSV-tk (50 ul of 1 X 10° pfu) and treated with GCV for 10 days. All mice received 1 4
GCYV twice daily at a dose of 50 mg/kg. The tumor growth kinetics were determined by
measuring daily the volume of U87 and U251 flank xenografts up to day 50 after cell
inoculation. Eaclpoint represents the average volume from seven mice. Data are shown .8 1
as the meandars, SD.

Days after inoculation

injection prior to the initiation of gene therapy compared with tumors
found in animals treated with Ad-HSV-tk/GCV alone (Fig. 3). A
similar decrease in the weight of these xenografts was observed with
collagenase/dispase pretreatment.

We analyzed the survival of mice receiving trypsin pretreatment
combined with Ad-HSV-tk/GCV. There were 15 animals in each 0
treatment group. Animals in all treatment groups were sacrificed when
the xenografts reach 20 mm in their largest diameter and were scored
as having died (Fig. 4). As a result of Ad-HSV-tk/GCV therapy, Days after protease treatment
survival was prolonged compared with a mock-treated control group.rig. 4. Effect of trypsin pretreatment and Ad-HSV-tk/GCV treatment on survival of
Mice receiving trypsin pretreatment combined with Ad-HSV-tk/GC\hice bearing U87 xenografts. BALBc/nude mice bearing U87 xenografts 0.6—0.7 cm in

; : ; _ iameter were pretreated with either intratumoral injections of PBS or PBS containing
therapy showed an improved survival when compared with Ad HS\(Zovine trypsin (100ug). Twenty-four h later, 1x 10° pfu of Ad-HSV-tk or PBS were

tk/GCV alone. The analysis between mice receiving trypsin pretreaected into the xenografts. On the next day, GCV treatment (50 mg/kg, twice daily) was
ment with Ad-HSV-tk/GCV and Ad-HSV-tk/GCV alone was statis-tarted and was continued for 10 da@s.PBS+ PBS/GCV;0, trypsin+ PBS/GCV;H,

. L L . . PBS+ Ad-HSV-tk/GCV; A, trypsin + Ad-HSV-tk/GCV. Animals were sacrificed when
tically significant and indicated that trypsin pretreatment contribut nografts were 20 mm in diameter. Tumor-free survival was designated as the time after

to the therapeutic effect of Ad-HSV-tk/GCV alone & 0.03). treatment initiation when the xenograft wa20 mm. Each group includes 15 mice.

% surviving animals
N

T T T T T T T T T
0 25 50 75 100 125 150 175 200

Fig. 3. Effect of protease pretreatment on Ad-HSV-tk/GCV A
treatment. After the establishment of U8K) (or U251 @) xe- 25
nografts, mice were pretreated with intratumoral injections of 100= ~~
ul of either PBS @), 10 ug trypsin @), or 100pug collagenase/ 5
dispase 4). One day after protease treatment, all mice wereg, 2
inoculated intratumorally with Ad-HSV-tk (5@ of 1 X 10° pfu)
and treated with GCV for 10 days. Mice were pretreated with<, 1.5
either intratumoral injections of 100l of PBS, 10ug trypsin, or -
100 pg collagenase/dispas€/D). One day after protease treat-
ment, all mice were inoculated intratumorally with Ad-HSV-tk
(50 wl of 1 X 10° pfu) and treated with GCV for 10 days. Tumors
from U87 and U251 xenografts were resected and weighed 5
days after the xenografts were initiated. Epdint represents the 0.5 ‘
weight of an individual tumorHorizontal hash markmedian [} '!' *
weight for each treatment group. All treatment groups were com- 0 | ® +
posed of seven mice:, P < .05; #*, P < 0.01 (unpaired test, Ad-pgal * *

* * *
v Ad-tk Trypsin c/iD Ad-fgal  Agtk  Trypsin ciD
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nografts. Thus, there was no sign of metastasis either by histological
inspection of lymph nodes, microscopic evaluation of major organs,
or PCR evaluation of multiple major organs. This suggests that there
was not increased tumor invasiveness or enhanced tumor cell spread
after protease pretreatment of these GBM-derived xenografts.

Discussion

A major drawback to current virus-mediated gene therapies is low
in vivo gene transduction efficiency. Because all gene therapy strat-
egies are compromised by this problem, new strategies are needed to
improve viral vector infection efficiency. We have evaluated the
potential of protease pretreatment to enhance the efficacy of a gene
therapy strategy that relies heavily on the extent of virus-mediated
gene transfer. Previously, we evaluated the effect of administering a
low dose of trypsin (10Qug) or collagenase/dispase (1@) 1 day
prior to adenovirus inoculation on virus-mediated gene transfer in
human tumor xenografts. Both trypsin and collagenase/dispase en-
: .. hanced the transduction of recombinant adenovirus (18). To determine
Rae ST whether such an enhancement could contribute to therapeutic out-

Fig. 5. Evaluation of protease effect on normal rat brain tissue archlteetumbraln come we evaluated the antitumor act|V|ty of these pretreatments in
specimens were evaluated histologically by H&E staining 24 h after the inoculation of

saline (10ug; L, left) or trypsin (100ug; R, right) into the basal gangli® andC, high combination with Ad-HSV-tk/GCV therapy.
magnification (<200) of normal rat brain specimens after inoculation of salBjeand Previousin vivo studies have demonstrated the inhibition of GBM

Lrypsin r(::). In eachpanel,the needle track was observed in the central area with a smﬂljmOr growth in animal models after infection with viral vectors
emorthage: carrying the HSV-tk gene and GCV administration (22—24). As shown
in Figs. 2 and 3, Ad-HSV-tk/GCV coupled with protease pretreatment

xenograft DNA. We evaluated abdominal lymph nodes from eutheesulted in a significantly enhanced antitumor activity against U87
nized mice bearing GFP-transfected U251 xenografts in three treaind U251 GBM xenografts when compared with Ad-HSV-tk/GCV
ment groups: mock-treated; Ad-HSV-tk/GCV alone; and Ad-HSV-tkgene therapy alone. Treatment with either trypsin (&) or colla-
GCV combined with trypsin pretreatment. Fipgn histological genase/dispase (J0y) was useful in enhancing the effectiveness of
sections of lymph nodes from four mice in each group were fixed the viral vector-mediated Ad-HSV-tk/GCV gene therapy (Figs. 2—4).
10% formalin and stained with H&E and examined. We detected noA potential explanation for the increased virus infection after pre-
evidence of metastasis by histological examination of these lymgrieatment of tumors with protease is that modifications in the extra-
nodes (data not shown). cellular matrix occur as a result of enzyme-mediated protein degra-

To look for evidence of metastatic spread of tumor after theation. Protease that enhances the therapeutic effect of Ad-HSV-tk/
treatment of mice bearing GFP-transfected U251 xenografts, W&V by destruction of the brain tumor extracellular matrix will only
sought evidence of GFP in major organs by fluorescence microscopg. advantageous if the protease does not directly damage adjacent
We found no GFP expression in the major organs of these thneermal tissue. To determine whether the architecture of normal brain
treatment groups (data not shown). We extracted DNAs from the lunvgas changed by protease pretreatment, we applied trypsin directly to
liver, and brain of four tumor-bearing animals. We then performeabrmal rat and human brain tissue and examined them microscopi-
PCR analysis of mouse genomic DNA from each of these tissues froally. There was no observable effect of protease administration on
four mice in each treatment group seeking evidence of GFP DNA. A morphology of these tissues. This suggests that protease might
shown in Fig. 6, we did not observe amplification of DNA with GFRmodify brain tumor extracellular matrix while leaving normal brain
primers from any organ of a mouse bearing GFP-transfected xtssue intact.

Fig. 6. Evaluation of mice bearing GFP-transfected A PBS v - Ad—H';?flkaCV A d-Ir‘IrSy\’fI::;G cv
U251 xenografts for metastatic tumor spread. Ad- +Ad-fgal/GC b
HSV-tk in 50 ul saline (1x 10° pfu) was administered I 1 I 1 I 1
intratumorally into nude mice bearing GFP-transfected
U251 tumor):(enografts. Fifty days Igter, we collected M 1 2 3 4 1 2 3 4 01 02
major organs and xenografts from these animals, pre- T —— —
pared DNA, and examined each tissue by PCR using B R +

primers specific for the transfecte@FP gene. PCR
reactions were evaluated by electrophoresis in 1.5%
agarose gels, and the 484-bp (GFP) and 571-bp (mouse
B-actin) PCR products were viewed by ethidium bro-
mide staining. PCR analysis of each tissue was per-
formed from four mice in each treatment group. Each
panelshows representative results from one mouse in
each group. Plasmid DNA containing GFP was used in
the positive control, whereas the negative control con-
tained no template. In each pankhane 1,GFP-trans-
fected U251 mice xenograftane 2,mouse lunglane  gepp
3, mouse liverLane 4 mouse braintane C1negative
control from U251 cells;Lane C2,positive control
(plasmid DNA containing GFP);ane M,DNA marker
fragments of the size indicated by bp numbers.
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