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Abstract
The purpose of this study was to prospectively compare noninvasive, quantitative measures of
vascularity obtained from 4 contrast enhanced ultrasound (US) techniques to 4 invasive
immunohistochemical markers of tumor angiogenesis in a large group of murine xenografts.
Glioma (C6) or breast cancer (NMU) cells were implanted in 144 rats. The contrast agent Optison
(GE Healthcare, Princeton, NJ) was injected in a tail vein (dose: 0.4ml/kg). Power Doppler
imaging (PDI), pulse-subtraction harmonic imaging (PSHI), flash-echo imaging (FEI), and
Microflow imaging (MFI; a technique creating maximum intensity projection images over time)
was performed with an Aplio scanner (Toshiba America Medical Systems, Tustin, CA) and a 7.5
MHz linear array. Fractional tumor neovascularity was calculated from digital clips of contrast
US, while the relative area stained was calculated from specimens. Results were compared using a
factorial, repeated measures ANOVA, linear regression and z-tests. The tortuous morphology of
tumor neovessels was visualized better with MFI than with the other US modes. Cell line,
implantation method and contrast US imaging technique were significant parameters in the
ANOVA model (p<0.05). The strongest correlation determined by linear regression in the C6
model was between PSHI and percent area stained with CD31 (r=0.37, p<0.0001). In the NMU
model the strongest correlation was between FEI and COX-2 (r=0.46, p<0.0001). There were no
statistically significant differences between correlations obtained with the various US methods
(p>0.05). In conclusion, the largest study of contrast US of murine xenografts to date has been
conducted and quantitative contrast enhanced US measures of tumor neovascularity in glioma and
breast cancer xenograft models appear to provide a noninvasive marker for angiogenesis; although
the best method for monitoring angiogenesis was not conclusively established.
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1. Introduction
The purpose of this study was to prospectively compare noninvasive, quantitative measures
of vascularity obtained from different contrast enhanced ultrasound imaging (US) modes to
invasive immunohistochemical measures of tumor angiogenesis in a large group of murine
xenografts. Angiogenesis is the development of new blood vessels from pre-existing vessels
and, while a normal physiological process, it has also been recognized as an essential
component in the progression of solid tumors [1–3]. Tumor angiogenesis is a prerequisite
for masses growing beyond 1–2 mm3 and is also a key factor of metastasis by allowing the
ingrowth of vessels into a tumor, thus providing a pathway for systemic dissemination of
cancer cells via the blood or lymph system [1–4]. Consequently, tumor angiogenesis is a
very important target for therapeutics as well as imaging [3–6].

US is an ideal modality for assessing both structural and functional features of tumor
angiogenesis by measuring tumor flow and vascular volume over time; especially when
combined with microbubble-based US contrast agents. Such agents produce 15 to 25 dB
increases in the echo intensities of blood flow signals, thus, markedly improving the
sensitivity of US flow imaging [5–8]. Conventional Doppler imaging techniques cannot
visualize vessel smaller than approximately 100 µm [7–8]. However, results from our group
indicate that contrast enhanced US signals, obtained in a typical clinical setting (i.e., breast
imaging at 7.5 MHz) and converted to a quantitative parameter, correspond mainly to
vessels 20 to 39 µm in diameter [9] and, therefore, provides a better assessment of the extent
of angiogenesis. The feasibility of monitoring tumor angiogenesis with contrast enhanced
US has been studied most extensively in murine xenograft models (e.g., [10–25]). However,
these studies typically involved a single imaging mode in a limited number of animals (less
than 40), and there is therefore a need to compare the capabilities of various contrast US
techniques in a larger cohort of animals.

Flash replenishment techniques have been shown to increase the enhancement provided by
US contrast agents and can be used to estimate flow parameters, such as perfusion [6–7,10–
12]. In order to visualize the tortuous morphology of tumor angiogenesis in greater detail,
the combination of flash-replenishment and maximum intensity projection (MIP) techniques
were recently proposed [25–29]. Following a bubble destruction pulse (or pulses) the MIP
technique selects maximum pixel values throughout consecutive, low power grayscale
images (typically < 50 kPa) as the bubbles replenish the imaging plane (typically depicting
the contrast in harmonic mode). A composite image showing the vascular architecture is
constructed and displayed. Such MIP techniques are now making their way in to human
clinical applications (breast, prostate and liver; [26–29]), but have yet to be directly
compared to more established nonlinear contrast imaging techniques in xenograft models.

2. Materials and Methods
The two tumor lines chosen for this study, C6 glioma and NMU mammary gland
adenocarcinoma (common brain and breast tumor cell lines, respectively), were obtained
from American Type Culture Collection (ATCC, Manassas, VA). The glial cell strain, C6,
was cloned from a rat glial tumor induced by the carcinogen N-nitrosomethylurea by Brenda
and colleagues [30] after a series of alternate culture and animal passages. NMU was
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derived from a tumor that arose in a Sprague Dawley rat that had been injected in the tail
vein with N-nitrosomethylurea [31]. These cell lines were selected, because they are able to
upregulate intracellular pH to near normal levels and, therefore, have a higher likelihood of
remaining viable under the adverse (low pH) conditions that are typical of the tumor
microenvironment [32–33]. Cells in such an environment are the most stimulatory in terms
of inducing tumor angiogenesis. The C6 tumor cell line was cultured in Ham’s F-12 media
(Media Inc., Herndon, VA) and the NMU tumor cell line was cultured in Eagle’s Minimum
Essential medium alpha modification (alpha MEM; Sigma-Aldrich Co., St. Louis, MO).
Both cell lines were cultured in an incubator at 37 ° C with a 5 % CO2 in air atmosphere.

Female, outbred, albino Sprague Dawley rats (Taconic Inc., Hudson, NY), weighing
between 200 and 250 g, were injected subcutaneously with approximately 2 × 106 tumor
cells from either the C6 or the NMU cell line into the abdomen or a thigh. Contrast
enhanced US evaluation of the tumors were performed 6, 8 or 10 days after tumor
inoculation, since our prior studies indicate that these time points ensured enough difference
in tumor volume and tumor vasculature for effectively monitoring the progression of
angiogenesis [25]. Twelve (12) rats were included in each group for a total of 144 rats (2
tumor cell lines × 2 implantation areas × 3 time points × 12 rats per group). The animal
studies were carried out in an ethical and humane fashion under supervision of a
veterinarian, and Thomas Jefferson University’s Institutional Animal Care and Use
Committee approved all protocols. It should be noted, that while this project was supported
in part by GE Healthcare and by Toshiba America Medical Systems, the authors of this
article had sole control of the data generated.

2.1 Acquisition of US and Pathology Data
For the imaging studies the rats were anesthetized and a lateral tail vein catheterized using a
24-gauge needle. The US contrast agent Optison (GE Healthcare, Princeton, NJ) was
injected (dose: 0.4 ml/kg). Optison is approved for use in echocardiography by the United
States Food and Drug Administration and consists of a suspension of perfluoropropane-
filled human albumin microspheres [34]. The average bubble diameter is 3.0 to 4.5 µm with
95 % of the microbubble suspension being less than 10 µm (permitting the bubbles to pass
through the lung capillaries). A total of four injections of contrast were administered per rat
(i.e., one for each contrast US imaging mode studied). The time between injections was 3 to
5 min to allow the agent to clear the blood pool.

Contrast enhanced US imaging was performed with an Aplio scanner (Toshiba America
Medical Systems, Tustin, CA) and a 7.5 MHz linear array transducer (PLT-704AT). US
coupling gel was liberally applied on the tumor site thereby creating a standoff pad to
minimize pressure on the tumor from the ensuing placement of the transducer. The tumors
of all rats were initially imaged in conventional B-mode (grayscale) and their width, depth
and height were measured. The transducer was then positioned, by the sonographer, to
image the largest transverse cross section for each individual tumor, and this imaging plane
was held constant for subsequent contrast specific US imaging techniques. Power Doppler
imaging (PDI) was performed first (at PRFs between 20.7 and 25.3 kHz), followed by
grayscale, pulse-subtraction harmonic imaging (PSHI). The latter is a form of pulse
inversion imaging, which cancels first harmonic (and other odd) signals by transmitting a
pulse sequence where each pulse is an inverted copy of the previous pulse, and then
summing the returned echoes (resulting in zero for linear scattering) [35–36]. Hence, echoes
from stationary tissue will be suppressed. However, nonlinear echoes associated with
contrast microbubbles will not cancel out and, thus, can be preferentially detected and
displayed [35–36].
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Then images from two flash replenishment techniques - Flash Echo Imaging (FEI) and
Microflow Imaging (MFI) - were acquired. The former is a particular combination of regular
and intermittent harmonic grayscale imaging techniques [37], consisting of low power
monitor pulses (with a mechanical index or MI ≤ 0.2) transmitted continuously, while
bubble destruction is achieved with intermittent high power (MI > 1.3) flash pulses (in these
experiments 4 flash pulses every 5 s). The MI was established to predict the likelihood of
transient cavitation resulting from diagnostic US fields, and is defined as the peak pressure
(in MPa) divided by the square root of the center frequency (in MHz) [38]. The MI is
intended to assist users in limiting the potential for mechanical bioeffects when exposing
patients to US fields. In spite of not being particularly suitable for predicting contrast
microbubble destruction [39], the MI is nonetheless the de facto indicator of field strength
used by clinicians in US contrast examinations. Likewise, MFI is a flash-replenishment
technique where 5 high power flash pulses are used to destroy bubbles followed by 6 s of
low power pulses demonstrating contrast replenishment. A composite image depicting
vascular architecture and blood flow is then constructed through MIP capture of temporal
data in consecutive low power images [25–29]. All imaging parameters were kept constant
before and after contrast administration (in particular an MI < 0.4 to limit bubble
destruction) and 35 s digital clips were stored for each US contrast injection.

Upon completion of the US study, rats were euthanized by placing them in a gas chamber
and saturating the air with CO2. Tumors were surgically removed and scanned ex vivo to
identify the US imaging plane studied in vivo. Careful attention was paid to the labeling of
each specimen by specimen-ink marking the true front, back, right and left [9]. Then
specimens were placed in 10 % formalin phosphate (Fisher Scientific, Houston, TX) for 12
to 24 hours to fix all angiogenic markers, dehydrated in graded alcohols, cleaned in xylene,
and embedded in paraffin using standard methods. The process of angiogenesis involves the
activation, migration, and proliferation of endothelial cells [1–3]. Vascular endothelial
growth factor (VEGF) is regarded as a major regulator of tumor-associated angiogenesis,
since it promotes tumor growth, invasion, and metastasis [2–3,40–41]. Cyclooxygenase-2
(COX-2) is another positive regulator of angiogenesis, which is expressed in response to
growth factors, tumor promoters, or cytokines [42–43]. Platelet endothelial cell adhesion
molecule (PECAM or CD31) is a potent endothelial cell marker, since its expression is
restricted to vascular system platelets and endothelium [44]. Each specimen was
immunohistochemical stained using a polyclonal antibody against basic fibroblast growth
factor (bFGF; Santa Cruz Biotechnology, Santa Cruz, CA), a monoclonal antibody against
PECAM (anti-CD31; Dako Corporation, Carpinteria, CA), a polyclonal antibody against
COX-2 (Santa Cruz Biotechnology, Santa Cruz, CA), and a monoclonal antibody against
VEGF (Oncogene Research Products, San Diego, CA) as reference standards. Finally, the
sections were mounted onto glass slides for analysis. For the convenience of the reader a list
of acronyms is provided in the Appendix.

2.2 Image Analysis
A semi-automated histomorphometry system incorporating a DXC-970MD color CCD
camera (Sony Corporation, Tokyo, Japan) connected to an SMZ-10A microscope (Nikon,
Melville, NJ, USA) was used to analyze both US images and specimens. Moreover, data
from the same animal were analyzed on separate occasions at least 6 weeks apart to reduce
or eliminate operator bias. The histomorphometry system employed a 4× objective and 10×
ocular magnification (total magnification: 40×) to provide a digital view of each histological
slide on a desktop computer [9]. Area measurements of stains and flow relative to the total
tumor area were obtained using ImagePro Plus software (Media Cybernetics, Silver Spring,
MD). Briefly, the tumor was manually outlined on the images and the RGB channels used to
automatically segment and count the number of color or stained pixels as well as the total
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number of pixels within 3 mm regions of interest (ROI) covering the lesion [9,14,25,45].
Fractional tumor vascularity (FV) was calculated (in percent) as the number of color pixels
(ci) relative to the total number of pixels (ci + xi) within each ROI [9–10,13–14]:

(1)

Given the heterogenic nature of tumor vasculature [2–3,25] small 3 mm ROIs were chosen
to more accurately align the ultrasound and immunohistochemical results (instead of
averaging over the entire tumor area).

2.3 Statistical Analysis
Data were analyzed on a per rat as well as a per ROI basis. This study was designed as a 4 ×
2 × 2 factorial repeated measures ANOVA over groups of animals, since there were 4 US
imaging techniques being evaluated in 2 tumor cell lines using 2 implantation methods (i.e.,
the independent variables). Each of these factors was then assessed at three different time
points (the repeated measures) with p-values less than 0.05 considered significant. The
median value of the FV measurements was calculated as the result for each tumor and the
dependent variable in the ANOVA. Least squares linear regression analysis was also
performed to compare the US measures of FV (the key quantitative parameter) and the
histologically derived stained markers of angiogenesis on a per ROI basis using Stata 9.0
(Stata Corporation, College Station, TX, USA) and determine correlation coefficients (r-
values). To examine differences among the highest significant correlations obtained between
contrast US techniques and histological markers, the r-values were converted to z-scores,
according to [46]:

(2)

Differences were then tested with a Fischer z-test [46] for each of the groups (i.e., for each
cell line, implantation technique and imaging method).

3. Results
An example of US imaging of a glioma (i.e., the C6 cell line) 8 days following implantation
in the thigh before and after contrast administration is presented in Figure 1. Grayscale MFI
demonstrates more flow and smaller neovessels compared to PDI, PSHI as well as FEI (cf.,
Figs. 1B, 1C and 1D to 1E). This is due to the improved resolution of grayscale contrast US
imaging modes relative to Doppler flow modes and to the composite nature of MFI (i.e., the
final image contains information from many previous images). The tortuous morphology of
tumor angiogenesis was also better visualized with MFI than with FEI (i.e., even when
reduced framerates were used; Fig. 1D versus 1E). The corresponding immunohistochemical
stains (i.e., from the same C6 tumor) are shown in Figure 2. Marked staining was seen for
bFGF and COX-2 with more diffuse expression of CD31 and no VEGF stain. In Figure 3
MFI of an NMU breast tumor 6 days post-implantation (in the thigh) is presented. Following
the high power flash pulses designed for bubble destruction (Fig. 3A), the vessels within the
image are gradually filled with contrast bubbles over the next 5 seconds (Fig. 3B–H). Notice
the mix of hyper- and hypo-vascular areas within the tumor itself demonstrating the
heterogeneous nature of tumor angiogenesis in this xenograft model and the ability of MFI
to depict tumor angiogenesis in detail.
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All three assessed parameters (i.e., cell line, implantation method and contrast US imaging
technique) were significant in the factorial repeated measures ANOVA model (p < 0.05).
There was also significant interaction between cell line and implantation method (p <
0.0001). No other factors were significant (p > 0.06). On average MFI achieved the highest
median FV (0.58 ± 0.266) among the US imaging techniques (p < 0.03), as expected given
Figure 1. However, this result does not address any correlation between the US measures of
FV and the results of the immunohistochemical stains (the reference standards).

Linear regression analysis (performed on ROIs) yielded a correlation between tumor
vascularity depicted with PSHI and the percent area stained with VEGF (r = 0.24, p =
0.0043) in abdominal C6 tumors (Table 1). Significant correlation was also shown between
PDI as well as FEI and VEGF (r-values of 0.21 to 0.24; p < 0.02). Finally, MFI and bFGF
correlated significantly (r = 0.21; p = 0.011) in the C6 tumors implanted in the abdomen.
The strongest correlation found by linear regression in the C6 thigh model was between
PSHI and percent area stained with CD31 (r = 0.37; p < 0.0001; Table 2). This US contrast
imaging modality also correlated with bFGF and VEGF with r-values of 0.34 and 0.21,
respectively (p < 0.01). Apart from PSHI, the area stained with CD31 also correlated with
FEI and MFI (r equal to 0.23 and 0.24, respectively; p < 0.01). All other comparisons were
not statistically significant (p > 0.10). Specifically, no correlations were found between any
contrast enhanced US technique and the COX-2 staining of specimens.

In the NMU model the strongest correlation was between FEI and COX-2 when the breast
cancer cell line was implanted in the abdomen (r = 0.46, p < 0.0001; Table 3). Both PSHI
and FEI were found to correlate with bFGF, CD31 and COX-2 (r > 0.31; p ≤ 0.005). There
were no correlations between any contrast enhanced US technique and the
immunohistochemical staining for VEGF in this particular model. When the NMU breast
tumors were implanted in the thigh linear regression analysis demonstrated no correlations
between any contrast US technique with the histological staining of CD31 (Table 4).
However, all the US methods did correlate with both the bFGF and the COX-2 stains (r ≥
0.23; p < 0.04). Moreover, PSHI and FEI also correlated with VEGF with r-values of 0.34
and 0.28, respectively (p < 0.009).

When testing the highest correlation coefficient within a given group (e.g., 0.46 in Table 3)
versus the other significant correlations in the same group, there were no significant
differences (p > 0.10). There was a trend towards significance when r-values from the C6
and NMU tumors implanted in the abdomen were compared (p = 0.075) as well as among
the FEI and PSHI correlations (p equal to 0.059 and 0.085, respectively). Otherwise results
indicated no statistically significant differences between correlations obtainned for a given
cell line, implantation technique or contrast US imaging mode (p > 0.11).

4. Discussion
To the best of our knowledge, this study of 144 rats is the largest study of contrast US of
murine xenografts conducted to date, with previous investigations examining from 5 to 37
animals (e.g., [10–25]). More tumor blood flow and smaller neovessels were depicted with
MFI than with PDI, PSHI or FEI (p < 0.03; Figs. 1 and 3), which is most likely due to the
composite nature of MFI (i.e., information from many previous contrast US images are
contained in the final MFI image) and indicates MFI should be the method of choice for
imaging tumor blood flow with contrast enhanced US. Multiple significant correlations were
found between the US modes and the immunohistochemical markers of angiogenesis (p <
0.04) with the strongest correlation obtained between FEI and COX-2 in the NMU breast
cancer model (r = 0.46, p < 0.0001; Table 3). Thus, contrast US of tumor neovascularity
appears to provide noninvasive markers of angiogenesis, but somewhat disappointingly
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there were no statistically significant differences between correlations obtained with the
various US techniques (p > 0.05).

Early results evaluating tumor angiogenesis in murine xenografts with contrast US were
mixed with Iordanescu et al. [16] finding no correlation between vascularity seen with
contrast enhanced US and that of histologic examination, and also no significant differences
in the post-contrast pattern of tumor vascularity between treated and control prostate tumors
in 35 mice (p > 0.1). This was similar to the results obtained by Schroeder and colleagues
[17] in 37 mice with B16-F1 melanoma tumors implanted. Conversely, a smaller study of 10
mice with human squamous tumors [18] showed correlation between CD31 staining and
vascularity measured by contrast enhanced PDI (p < 0.01), while our group [10]
demonstrated that COX-2 staining of specimens from the WM-9 human melanoma
xenograft model correlated with contrast PDI and intermittent PSHI (which is similar to FEI;
p < 0.05).

Recent results have been more positive with significant correlations (p < 0.01) seen between
contrast US and CT, MRI as well as PET in 5 to 31 murines [19–21]. When PSHI was
employed by our group [14], US measures of tumor vascularity correlated significantly with
the expression of VEGF in the DB-1 melanoma model (p < 0.01). Likewise, Stieger and co-
workers [22] used low-power multipulse contrast US in combination with contrast bubbles
targeted to endothelial cells and reported a correlation with microvessel density in a rat
Matrigel model (N = 22; p < 0.05). Guibal et al. [15] demonstrated in 32 mice that contrast
US-derived parameters clearly separated tumors that were constantly (controls) or rapidly
progressive from tumors with a slower progression (p < 0.05), providing a noninvasive
measure of tumor angiogenesis and, in particular, of the re-vascularization occurring after
discontinuation of an anti-VEGF therapy. Our group studied the use of a decoy VEGF-
receptor agent, which blocks VEGF from reaching its natural receptor, in the DB-1
xenograft model [23]. Preliminary results indicate that contrast enhanced US allowed
monitoring of the effects of this decoy VEGF-receptor in vivo (N = 9; p ≤ 0.04). However,
even though contrast US appears to provide a noninvasive marker for angiogenesis in
murine xenografts, the specific markers seem to vary with individual cell lines complicating
the use of contrast enhanced US in these animal models. Nonetheless, monitoring changes in
tumor angiogenesis following treatment with vascular targeted drugs have met with some
success in human clinical trials [6,47]. This indicates that dynamic changes in blood flow
over time (where each patient acts as their own control) may be used to differentiate
between responders and non-responders [6].

There are a number of limitations to the present study, which must be considered. The
elevation thickness of the US beam is orders of magnitude larger than the thickness of the
specimen slides (mm vs. µm) indicating that a perfect match cannot be achieved (even
though great care was taken to align US images and specimens). Moreover, the imaging
took place in the near field, which may have resulted in pressure variations and, hence,
variations in bubble destruction across the imaging plane [25]. Finally, a statistical limitation
of this study is the multiple comparisons being conducted. To account for the statistically
significant results in light of this, a Bonferroni correction may be applied, which assigns the
traditional 0.05 p-value divided by the number of comparisons (here 16 per implantation
method and tumor cell line) to be the p-value of significance [48]. On the other hand, there
are also problems associated with Bonferroni correction. By controlling the group-wise error
rate, each individual test is held to an unreasonably high standard and makes it likely that
legitimately significant results will not be detected [49]. Hence, we chose not to adopt
Bonferroni correction in this study. It should be noted, however, that even if Bonferroni
correction was applied a dozen of the comparisons between contrast US and histopathology
would still produce a significant correlation (since 0.05/16 = 0.003 cf., Tables 1–4).

Forsberg et al. Page 7

Ultrasonics. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In summary, in this study the tortuous morphology of tumor angiogenesis was better
visualized with MFI than with the other US methods (as confirmed by the quantitative
results). Moreover, the quantitative parameter – the fractional tumor vascularity – derived
from contrast enhanced US images has been shown to provide a noninvasive measure of
glioma and breast tumor neovascularity in rat xenograft models (corresponding in particular
to the expression of bFGF and COX-2). However, the best contrast US method for
monitoring angiogenesis was not conclusively established.

Research Highlights

• The largest contrast US study to date of 144 murine xenografts has been
conducted.

• The best visualization of tumor blood flow was achieved with MFI (p < 0.03).

• Contrast US appears to provide noninvasive, quantitative markers of
angiogenesis.

• A single best contrast US mode for monitoring angiogenesis could not be
determined.
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Appendix

List of Acronyms
ANOVA – analysis of variance

bFGF – basic fibroblast growth factor

CCD – charge-coupled device

CD31 (or PECAM) – platelet endothelial cell adhesion molecule

COX-2 – Cyclooxygenase-2

CT – computed tomography

FEI – Flash echo imaging

FV – Fractional tumor vascularity

MFI – Microflow imaging

MI – Mechanical index

MIP – maximum intensity projection

MRI – magnetic resonance imaging

PDI – Power Doppler imaging
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PET – positron emission tomography

PRF – pulse repetition frequency

PSHI – pulse subtraction harmonic imaging

ROI – region of interest

US – ultrasound imaging

VEGF – vascular endothelial growth factor
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Figure 1.
Example of a C6 glioma (arrows) imaged 8 days post implantation in the thigh in (A)
baseline, (B) PDI; (C) PSHI, (D) FEI and (E) MFI modes. Notice the progressive increase in
the depiction of tumor vascularity from (B) to (E).
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Figure 2.
Immunohistochemical staining of the C6 tumor from Fig 1 showing (A) central brown
staining with bFGF (arrows), (B) a more diffuse CD31 stain in the same location (arrows),
(C) marked expression of COX-2 (arrows) and (D) no staining with VEGF.
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Figure 3.
Rat implanted with an NMU breast tumor in the thigh 6 days prior imaged in MFI mode and
shown (A) with flash pulses on, (B) 56 ms later i.e., at baseline with the tumor marked by
arrows, (C) after 222 ms, (D) after 444 ms, (E) after 667 ms, (F) after 1.11 s, (G) after 2.44
s, and (H) after 4.67 s. The gradual inflow of contrast bubbles delineates the vasculature
(normal as well as angiogenic).
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Table 1

Linear regression r-values obtained for C6 tumors implanted in the abdomen (N = 134).

BFGF CD31 COX-2 VEGF

PDI 0.03 0.02 0.02 0.21 *

PSHI 0.02 0.13 0.05 0.24 **

FEI 0.04 0.17 0.10 0.23 **

MFI 0.20 * 0.02 0.16 0.00

*
p < 0.05;

**
p < 0.01
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Table 2

Linear regression r-values obtained for C6 tumors implanted in the thigh (N = 150).

BFGF CD31 COX-2 VEGF

PDI 0.07 0.09 0.05 0.10

PSHI 0.34 *** 0.37 *** 0.06 0.21 **

FEI 0.10 0.23 ** 0.13 0.03

MFI 0.04 0.24 ** 0.07 0.03

*
p < 0.05;

**
p < 0.01;

***
p < 0.001
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Table 3

Linear regression r-values obtained for NMU tumors implanted in the abdomen (N = 83).

BFGF CD31 COX-2 VEGF

PDI 0.19 0.09 0.07 0.03

PSHI 0.31 ** 0.37 *** 0.38 *** 0.17

FEI 0.38 *** 0.35 **8 0.46 *** 0.19

MFI 0.00 0.01 0.02 0.02

**
p < 0.01;

***
p < 0.001
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Table 4

Linear regression r-values obtained for NMU tumors implanted in the thigh (N = 88).

BFGF CD31 COX-2 VEGF

PDI 0.23 * 0.12 0.34 ** 0.12

PSHI 0.41 *** 0.09 0.42 *** 0.34 **

FEI 0.37 *** 0.10 0.45 *** 0.28 **

MFI 0.40 *** 0.12 0.36 *** 0.17

*
p < 0.05;

**
p < 0.01;

***
p < 0.001
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