
Abstract. Background: p53 retarded tumor growth by several
known mechanisms, including suppression of cell proliferation
and inhibition of tumor angiogenesis. Vascular endothelial
growth factors (VEGF) and angiopoietins (Ang-1, Ang-2) are
major angiogeneic modulators. The current study examined the
effect of p53 on the expression of these factors in conjunction
with tumor growth and vascular formation. Materials and
Methods: Growth characteristics of rat glioma cells (RT-2)
infected with retrovirus (MSCV) encoding a full-length human
wild-type p53 gene were examined by clonogenic assay.
Expression of the transgene in vitro was verified by RT-PCR
and immunoprecipitation. Tumor morphology, vascular
architecture and the expression of VEGF, Ang-1, Ang-2 and
Tie-2 were examined by immunohistochemistry and semi-
quantitative RT-PCR. Results: p53-infected cells showed
retardation in growth and colony formation. In vivo, expression
of the transgene resulted in prolonged survival and reduction
of tumor volume (62%) and reduced the expression of VEGF
(57.8%) and Tie-2 (15.4%) but not Ang-1 and Ang-2. The
tumor exhibited increased necrosis (38%), hemorrhage and
abnormal vascular architecture. Conclusion: p53 causes tumor
regression by suppressing tumor proliferation and indirectly
induces involution of tumor vessels by fostering unopposed
activity of Ang-2 in an environment of diminishing VEGF.

The role of p53 as a tumor suppressor gene has been well

documented (1). It maintains genomic stability by promoting

apoptosis (2), G1-arrest (3) and DNA repair (4). It is known

that mutations at the DNA-binding sites are frequent and

associated with tumorigenesis. Mutation or loss of the p53

gene on chromosome 17p (5, 6) has been found in many

different kinds of tumors including a large percentage (40%-

60%) of glioblastoma multiforme. 

Recently, p53 has been shown to influence the expression

of several angiogenic modulators (7-10). It inhibits the

expression of vascular endothelial growth factor (VEGF) in

glioma and increases the expression of Thrombospondin-1

in breast and prostatic carcinoma. Thrombospondin-1 exerts

an antiangiogenic effect on cord formation by endothelial

cells in vitro (11) and suppresses the tumorigenicity of

human glioblastoma cells (12).

This report investigates the feasibility of suppressing 

the growth of a rat glioma (RT-2) by the overexpression of

human wild-type (wt) p53 and examines its effects on

tumorigenesis and on three major angiogenic modulators,

VEGF, angiopoietin 1 (Ang-1) and Ang-2, as well as the

transmembrane receptor tyrosine kinase (Tie-2) for Ang-1 and

Ang-2. Ang-2 is an early marker for tumor angiogenesis (13,

14). The effects of Ang-2 depend on whether VEGF is present.

In its presence, Ang-2 induces vascular endothelial

proliferation, causes focal reduction of intercellular interactions

between endothelial cells and the surrounding extra-cellular

matrix resulting in disintegration of the basal matrix, and

promotes cellular migration. In the absence of VEGF, Ang-2

destabilizes endothelial tubule formation and causes regression

of the newly formed vessels. Ang-1 induces the recruitment of

peri-endothelial cells and stabilization of the newly formed

vessels (15) Both Ang-1 and Ang-2 act upon the same

transmembrane receptor Tie-2 but with opposite effects. The

balance of these opposing effects dictates the stability and the

maturity of newly formed vessels (16). Here we show that p53

retards tumor growth in part by suppressing tumor angiogenesis

and affects the expression of VEGF and Tie-2. This results in

involution of tumor vessels and promotion of necrosis. 
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Materials and Methods

Modification of RT-2 cells with retrovirus MSCV-wtp53. Rat

glioblastoma (RT-2) cells are spindle-shaped at log phase and

become epithelioid when confluent; they are positive for glial

fibrillary acid protein (GFAP) Vimentin. They carry an

endogenous wtp53 gene, and transactivate a wtp53-specific

pG13CAT construct in vitro. Furthermore, using a pair of rat p53

cDNA terminal sequence primers, a full-length cDNA was cloned

from this cell line. The latter was sequenced and found to be

homologous to that of wtp53 (17). Insertion of the human wtp53

into RT-2 cells was done by infection with helper-free MSCV

retrovirus encoding human wtp53 cDNA. The MSCV viruses

encode the neor gene under the control of the pgk promoter.

MSCV-wtp53 retroviral constructs were generated by the

insertion of a full-length BAM-H1 digested human p53 cDNA

into the Bgl-II site of the MSCV vector. Virus was produced by

transfecting the DA packaging cell line (Viagene Inc., San Diego,

CA, USA), and the resulting viral titers were assayed on

BALB/3T3 cells. A titer of 2-8 x 106 infective particles/ml was

routinely obtained. A titer of 106 infectious units/ml was used for

these experiments. MSCV without the human wtp53 construct

was used as the control virus. 

Determination of wtp53 expression in vitro and in vivo by
immunoprecipitation and PCR / RT-PCR. MSCV- and MSCV-wtp53

virus infected RT-2 cells were labeled with 35S-methionine (ICN

Pharmaceuticals) in methionine-free medium with 5% fetal bovine

serum. 35S-methionine-labeled cells were lysed in Hepes buffer (50

mM Hepes pH 7.0, 250 mM NaCl, 0.15 mM NP-40, 0.1 mM EDTA,

25 Ìg/ml aprotinin and 1 mM PMSF). Lysates were precleared with

PAb419 antibody, adsorbed to Repligen IPA-300 beads (Repligen,

Cambridge, MA, USA), and immunoprecipitated with the

polyclonal antibody Fl-393 (which recognizes both the human and

rat p53) or R-19 (which recognizes the rat protein). Protein samples

were fractionated by SDS gel electrophoresis and visualized by

fluorography. Human p53-specific PCR primers (5' primer: 5'-AGA

TAG CGA TGG TCT GGC-3' and the 3' primer: 5'-TTG GGC

AGT GCT CGC TTA GT-3') were designed to amplify human

genomic p53 DNA and cDNA but to exclude amplification of

rodent p53. This yielded an amplicon of 380 bp, covering exons 6-8.

DNA extracted from explanted tumors was amplified by a set of

human primers, which was designed to cover full-length human p53

cDNA (5' primer ATGGAGGAGCCGCAGTCAGA, 3' primer

CTGTCTTGAACATGAG). The sequence of the amplicon was

similar to that of wtp53 as demonstrated by dye-terminated

automated sequencing. For transcriptional assay mRNA was

prepared from cells harvested at the log phase of growth by the

SNAP extraction system (Invitrogen, Carlsbad, CA, USA). cDNA

was synthesized using Oligo-dT primers from the Superscript II

system (Gibco BRL, Invitrogen) prior to amplification.

Clonogenic assays and growth curves. Exponentially growing cells

were infected (MOI=4) and plated in selection medium containing

800 Ìg/ml of G418 (Geneticin, Gibco). All mock-infected cells died

within 7 days during G418 selection. Infected cultures were

maintained for 2 weeks, and the neo-resistant colonies were fixed

with methanol and stained with Giemsa for counting. The number

of colonies on the control dishes (infected with vector only) was

used as a "100%" control. Growth curves were generated by seeding

104 cells in quadruplicate in non-selection medium. The cells were

trypsinized and then counted at pre-selected time points over the

ensuing 48 hours. 

Immunocytochemistry and immunohistochemistry. Cells grown in 4-

chamber slides were fixed with methanol at -20ÆC for 7 minutes and

washed with ice-cold buffer. Monoclonal antibody against human

p53 (DO-1, 1:150 dilution, Santa Cruz Biotechnology) was used and

visualized with Avidin-Biotin-immunoperoxidase system. Vimentin

and GFAP were stained with Vim3B4 (DAKO, 1:200) and Z0334

(DAKO, 1:150) antibodies and were visualized by the DAB

detection system (DAKO). Sections were counter-stained with

hematoxylin. For immunofluorescence staining, the animals were

perfused with saline buffer followed by 4% neutral

paraformaldehyde phosphate buffer (PFPB) at 4ÆC. Fixed brains

were dehydrated in 30% sucrose solution prior to being cut into 40-

Ìm serial sections on a freezing microtome. Monoclonal antibody

against von Willebrand Factor (vWF; DAKO A0082) was used to

visualize rat vascular endothelial cells, followed by FITC-labeled

secondary antibody (Jackson Immunoresearch, USA). The sections

were counter-stained with DAPI nuclear stain and examined with a

Zeiss epifluorescence microscope (Axioskop). Images were digitally

recorded under low (100X) and high power fields (400X) with

AxioVision software. Each field was divided into 16 quadrants and

eight random fields were examined per section. Vascular density was

expressed as number of vessels/mm2 (means ±SD). Diameter of

vessels was defined as the smallest vector measurement between two

edges of an outlined blood vessel. Statistical significance was

calculated using the Kruskal-Wallis test and expressed as medians,

means ± S.D. Images in Figures 2 and 3 were digitally assembled

with Adobe Photoshop. For volumetric study, rat brains were fixed in

10% formalin/acetic acid and paraffin embedded. They were cut into

of 6-8 -Ìm serial sections and were stained with hematoxylin and

eosin. The sections were de-waxed and quenched with 4:1

methanol/peroxide prior to vWF or p53 staining. For vWF, they were

pre-treated with 0.3% pepsin (18, 19); for p53 (DO-1) staining, they

were heat-treated in a microwave oven at 70 watts for 10 minutes in

citric buffer (pH 5.5). The statistical analysis was done by pooling

data from four separate experiments with six animals in each group. 

Semi-quantitative RT-PCR for VEGF, Ang-1, Ang-2 and Tie-2. The

tumors were removed by micro-dissection and pulverized in liquid

nitrogen. Total RNA was prepared by the SNAP extraction system

as outlined above. Specific primer sets for VEGF, Tie-2, Ang-1,

and Ang-2 were used for performing PCR with the predetermined

cycle numbers. All PCR primers were tested using murine genomic

DNA as a negative control. The linear amplification range for each

gene was determined empirically. The primer pairs and the settings

for the thermal cycling for Ang-1, Ang-2, VEGF, Tie-2 and ‚-Actin

were reported previously (20). ‚-Actin primers were added to

corresponding samples in the specified genes’ linear amplification

range. Resulting amplicons were then electrophoresed on a 1%

agarose gel. The intensity of the ethidium bromide luminescence

was measured using a Kodak digital imaging system and software.

The amplicon sizes for Ang-1, Ang-2, Tie-2, VEGF and ‚-Actin are

256 bp, 257 bp, 375 bp and 201 bp, respectively. Results were

pooled from three different experiments with a total of nine

animals per group. They were expressed in relative units, relative to

the intensity of the ‚-Actin band. Statistical significance was

calculated using the Student’s t-test. 
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Figure 1. In vitro characteristics of p53-infected RT-2 cells. A: Clonogenic assay: Colony formation by RT-2 cells infected with wtp53 virus is reduced. B:
Growth curve of p53-infected RT-2 cells and control cells in culture. C: Immunostaining of p53 protein in vitro: (1) cells infected with control virus; (2) cells
infected with wtp53 and stained for the transgene protein; (3,4) cells infected with wtp53 stained for Vimentin and GFAP, respectively (200x magnification,
scale bar=50 mm). D: Immunoprecipitation of p53 in vitro: Lane 1 –wtp53 virus-infected cells (RT-2p53) producing large amounts of p53; Lane 2 - control
virus-infected RT-2 cells; Lane 3 - wtp53 virus-infected cells. No significant detectable p53 protein was precipitated out using a rodent-specific antibody R-
19. E: PCR amplification of the human wtp53 transgene in infected RT-2 cells and tumors. Amplification of mRNA extracted from p53-retrovirus infected
RT-2 cells after 2 passages (Lane 1) and 12 passages in culture (Lane 2). Amplification of proviral (genomic) DNA extracted from cells after 2 passages
(Lane 3) and 12 passages in culture (Lane 4). Amplification of DNA extracted from paraffin sections of tumors generated by wtp53-virus-infected cells
(Lane 5) and control-virus-infected cells (Lane 6). Amplification of mRNA extracted from explanted p53-infected tumors (Lane 7) and control-virus-infected
tumors (Lane 8). The marker lane contained HaeIII-digested X174 DNA. The arrow and horizontal bar marked the migratory position of human p53.
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Figure 2. Histological studies of rat brains implanted with RT-2 tumors. A: Coronal sections of six brains. Cells infected by control virus and cells infected
by wtp53 virus were implanted in the left and right hemisphere, respectively. B: The Kaplan-Merier curves were reconstructed from a group of 12 animals.
All the control and the viral control animals died within 20 days. 
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Figure 3. The expression of p53 in vivo and the associated morphological change: A and B, histological sections of tumor formed by control-virus-
infected and wtp53-infected cells. Inserts were micrograms taken under high power field to illustrate the fact that cells in wtp53-infected tumor are rounder
and there are fewer dysmorphic nuclei (original magnification x400). More necrosis was seen in wtp53-infected tumors (arrow heads). C and D were
stained for p53 expression with the DO-1 antibody. p53-positive cells clustered in some areas (arrows). No staining was observed in the control. E and
F, cells that were explanted from control-virus-infected and p53-virus-infected tumors were grown in culture. Cells from wtp53-infected tumors continue
to express p53. The top four panels are 100x, and panel E and F are 400x magnification



Animal surgery and survival study. Adult Sprague-Dawley (SD) rats

(180-200g) were anesthetized with a cocktail of Ketamine/

Xylazine/Acepromazine. Stereotactic implantation of tumor cells

into the striatum was previously described (21). 105 tumor cells

infected by wtp53 encoding virus were implanted into the left

striatum and cells infected by control virus were implanted into the

contralateral striatum. For the survival study, groups of 12 animals

were used. Tumor cells infected by control virus or wtp53 encoding

virus were implanted in the left hemisphere. The animals were

euthanized when they were moribund according to protocol

approved by the Administrative Panel on Laboratory Animal Care

at Stanford University, USA. Statistical significance was calculated

using the Log-rank method. 

Results

In vitro expression of wtp53: its effect on colony formation
and cell proliferation. RT-2 cells proliferate rapidly in

culture and form tumor in the brains of rats. RT-2 cells

infected with MSCV-p53 retrovirus (22) at a multiplicity of

infection of four resulted in the expression of human wtp53

in 95% of the cells (Figure 1C). Expression of human p53

reduced colony formation by ~50% (Figure 1A). The rate

of proliferation of p53-infected RT-2 cells in non-selective

medium was reduced approximately two-fold compared

with that of vector-infected control cells (Figure 1B).

Expression of the human p53 transgene in infected cells

was stable for at least 12 generations, as is shown by

immunostaining of MSCV vector-infected and MSCV-p53-

infected RT-2 cells (Figure 1C) using the DO-1 monoclonal

antibody which reacts with human but not with rat p53. p53

expression was localized to the nucleus consistent with the

expression of wtp53 (23-25). The infected RT-2 cells

continued to express Vimentin and GFAP (Figure 1C),

confirming their glial origin. 

Long-term integration and expression of wtp53 retards tumor
growth in situ and prolongs survival of the animals.
Integration and expression of the human retroviral p53 in

RT-2 cells were verified by PCR amplification of the

integrated proviral human p53-mRNA using a pair of

human p53-specific cDNA primers. Both PCR and reverse

transcriptase (RT)-PCR amplification were performed,

respectively, on DNA and mRNA, each extracted from cells

prior to implantation and from tumor explants. Figure 1E

(lanes 1, 2) shows the results of RT-PCR amplification of

mRNA extracted from infected RT-2 cultures. In lane 1, the

infected cells were cultured for two passages; in lane 2, the

cells were cultured for twelve passages. The transcription of

the p53 transgene diminished in the infected cells with

continuous passaging in culture. Lanes 3 and 4 showed

results of PCR amplification of genomic DNA from the

same infected cultures shown in lanes 1 and 2. The

differences in the intensity of the amplification product in

these lanes reflected, indirectly, the diminishing copies of

the transgene related to the passage of time. PCR

amplifications shown in lane 5 were done using DNA

extracted from paraffin sections of tumors generated by

p53-infected RT-2 cells and cells infected by control virus

(lane 6), and in lanes 7 and 8, mRNA extracted from

explanted tumors generated by p53-infected cells (lane 7) or

by cells infected by control virus (lane 8) was amplified.

Collectively, these results showed that the p53 transgene

was expressed in vitro and in vivo, although its copy number

and expression diminished with time.

Stereotactic implantation of p53-infected and G418-

selected RT-2 cells into rat brains prolonged survival of the

animals relative to implanting cells infected with control

virus. In general, the mean survival of the rats that received

the MSCVp53 cells was increased 2.5-fold (15.3±3.2 vs.
38.0±18.3 days, p=0.0054 Log-rank Figure 2B). In a parallel

experiment, 1x105 p53-infected and control cells were

implanted at the same time into the brain of each animal

and the animals were sacrificed on the 12th postoperative

day. Figure 2A shows coronal sections of the brains of

animals implanted with cells infected with control virus (left

hemisphere) and with p53-infected cells (right hemisphere).

Exogenous p53-expression resulted in a 62.0±9.9% (p<0.05)

reduction in the volume of tumors expressing retrovirus-

encoded p53 (3.48±2.49 mm3) compared with tumors

infected with the control virus (9.26± 2.69 mm3). No gross

differences were noted in the volume of tumors grown from

control virus-infected cells and tumors grown from parental

RT-2 cells (9.60±4.12 mm3).

The effect of human wt p53 on the morphology of the tumors.
Tumors generated by the implantation of p53-infected cells

differed from tumors generated from control cells in several

important histological characteristics. Tumor from p53-

infected cells (Figure 2A and Figure 3) showed considerably

more necrosis and hemorrhage than tumor control cells

(38±3% v/v vs 14±1% v/v n=36 p=0.02). Tumors from

control-virus-infected cells (Figure 3) had spindle-shaped

cytoplasm and elongated nuclei of uniform shape and size,

but the cell bodies and nuclei of tumors from p53-infected

cells (Figure 3 A and B inserts) were somewhat larger and

more rounded; the nuclei had prominent nucleoli and were

clearly less dense than the nuclei of the non-infected cells

(Figure 1C) (4, 23-26). The expression of human p53 in RT-

2-induced tumors was confirmed by immunostaining (Figure

3D). Despite the fact that prior to implantation 95% of

these cells expressed the transgene protein, only 5%-10% of

the cells were stained positively in vivo. p53-positive cells

congregated in discrete islands within the tumor mass,

suggesting that these islands are the progeny of p53-

expressing cells. Despite the low staining frequency of p53

on these sections (Figure 3D), tumor cells that were
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Figure 4. The effect of in vivo expression of p53 on tumor angiogenesis. A: The H&E sections (upper panels) showed a significant decrease in vWF staining
(41.16% ±12.09% change, p<0.02, n=14) in the presence of p53. Tumor vessels were highlighted by arrows, original magnification x400. The lower
panels showed immunofluorescence staining of vWF. Vessels in tumors infected by wtp53 virus were larger in diameter and appeared to be more chaotic.
B: Vascular density was reduced in tumors from wtp53 cells. C: The spread of the caliber of these tumor vessels is illustrated in the form of scatter and box
plots. D: Overexpression of p53 suppressed the expression of VEGF and Tie-2 mRNA as shown in semi-quantative RT-PCR analysis (*p<0.01 vs. control).



explanted from these tumors and grown on non-selective

medium exhibited strong p53 expression when stained with

the DO-1 antibody (Figure 3F). DNA extracted from these

cells was found to constitute an intact human wtp53

sequence (Figure 1E, lane 5 and 7). These findings support

the observation that the expression of this transgene

resulted in a number of morphological changes in these

tumors that are suggestive of a less malignant tumor. 

The effect of in vivo expression of p53 on tumor angiogenesis
and angiogenic modulators. The neovascular density in

tumors formed by RT-2 (Figure 4 A) increased progressively

from Day 6 to Day 10 (4.2±3.0 vessels to 18.3±1.5 vessels

per mm2 unit area). There was a concomitant increase in the

arborization and caliber of the tumor vessels (20). When

stained for neovasculture using antibody against vWF,

tumors harboring the p53 transgene showed a significant

reduction (23.1±4.6% p=0.002 n=14) in neovascular

formation (Figure 4B). Furthermore, the appearance of the

vessels was more chaotic (Figure 4A, lower panels), with

increased inter-luminal thickening, as illustrated in these

fluorescence micrograms. There was also a shift in the

distribution of the caliber of the vessels toward larger

diameters (Figure 4C, p=0.002). This change in caliber may

reflect a disruption in the integrity of the vessels. 

The expression of VEGF, Ang-1 and Ang-2 on Day 12

after tumor implantation was examined using semi-

quantitative RT-PCR. The expression of the natural

receptor for these angiopoietins, Tie-2, was also monitored.

In this model, expression of mRNA for VEGF and Tie-2

was significantly inhibited in tumors formed by wtp53-

expressing cells relative to that in tumors formed by control-

virus infected cells (57.8%±3.5% and 15.4%±2.3%, n=6,

p<0.05). Surprisingly, expression of Ang-1 and Ang-2 did

not differ across tumors (Figure 4D).

Discussion

Some GBMs appear to arise de novo (27). In other cases,

there is a progression of benign-appearing gliomas to

successively more malignant forms. This progression is

associated with a cumulative loss of tumor suppressor genes,

the acquisition of oncogenes and the amplification or

mutation of genes encoding growth factors, growth factor

receptors, or cell cycle-control proteins (28). In this study,

a retroviral vector was deployed to facilitate the transfer of

a human p53 gene into rat glioma cells. The use of retroviral

vectors for gene transfer has the unique property of limiting

infection to replicating cells, a desirable feature for the

treatment of a malignant brain tumor. RT-2 is a rapidly

proliferating glial tumor, but with a functionally silenced

p53. Integration of the human wtp53 transgene into this

tumor appears to be stable and its expression persists over

multiple passages. Overexpression of this human transgene

compensated for the non-functional endogenous gene,

resulting in the suppression of colony formation and

retarded cell growth in vitro. 

RT-2 cells infected by the wtp53 virus produced tumors

with significantly reduced volume and of a comparatively

benign appearance. Animals with these tumors lived longer.

Transgene expression was confirmed by identifying the

human protein within the nuclei of the cells and by

analyzing the PCR and/or RT-PCR product. It is

noteworthy that the amount of p53 expression is far less

than one would expect based on the observed reduction in

tumor growth. Of course, it is sometimes difficult to

quantify expression of the transgene in situ since the latter

reflects a heterogeneous population of cells in different

phases of the cell cycle. Likewise, it is conceivable that cells

overexpressing wtp53 will not survive in vivo due to p53-

induced G1 and apoptosis (29, 30). Intuitively, any cells

undergoing apoptosis and cell arrest would have been

selected out of the tumor population, leading to the

observed decrease in DO-1 staining. Recent studies on the

inhibitory effect of p53 on angiogenesis suggest that p53

may also retard tumor growth by restricting nutrient supply

to the tumor (7). p53 transactivates the gene encoding

thrombospondin-1 (10, 31), a potent inhibitor of

angiogenesis. The thrombospondin-mediated antiangiogenic

response may be an important mechanism in retarding

tumor growth. In addition, overexpression of p53 increases

the level of brain-specific angiogenesis inhibitor-1 (8), which

may down-regulate VEGF and may be cytotoxic to

endothelial cells. p53 status in tumor cells is also known to

influence apoptotic decisions in response to hypoxia (32).

Rapid expansion of the tumor without concomitant increase

in tumor vasculature would eventually lead to central

necrosis secondary to ischemia. This mechanism may indeed

play a role in the reduction of tumor growth seen in these

experiments, since necrosis in p53-infected tumor was far

more pronounced than that seen in control tumors (Figures

4E and 4F). In this study, there was a 23.1% reduction in

neovascular formation. Furthermore, the vessels were more

chaotic in appearance and with larger caliber. These

morphological changes might reflect the disruption in the

integrity of the vessels resulting from the breakdown of the

endothelial-epithelial integration. These changes may result

from the effects of p53 on VEGF and Tie-2. p53 reduced

the expression of VEGF by 58% and Tie-2 expression by

15%, but it did not alter expression of Ang-1 and Ang-2.

The effects of p53 on Tie-2, though numerically small (15%

decrease), may not be inconsequential. It has been reported

that VEGF and Ang-2 play pivotal roles in tumor

angiogenesis. A concomitant increase in the expression of

these two angiogenic factors results in endothelial

proliferation and sprouting. In the absence of VEGF, Ang-
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2 destabilizes endothelial tubule formation and causes

regression of the newly formed vessels (15). In the context

of diminishing VEGF and Tie-2 expression there may be a

paradigm shift in the effect of Ang-2, resulting in a

paradoxical increase in its "activity" and leading to the

disintegration of the basal matrix and fragmentation of the

vascular wall. Consequently, tumor vasculature involutes

and necrosis becomes more prominent. The effect of p53 on

tumor angiogenesis might help to explain the apparent

discrepant relationship between low transgene expression

and disproportionate reduction in experimental tumor size

in this and other studies (33, 34).
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