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Materials and Method

o We present an advanced method using the Optix MX2 system and

fluorescence lifetime imaging to detect, quantify, and assess the

effectiveness of treating MCF-7 tumors.

o Fluorescence lifetime gating enables us to eliminate tissue

autofluorescence in measured GFP fluorescent signal.

o Elimination of autofluorescence from the measured GFP signal by

fluorescence lifetime imaging improves the accuracy of data analysis.

o Using fluorescence imaging, we are able to detect all non-palpable tumors

as early as 10 days after implantation of 2 million tumor cells.

o Compared to caliper measurement, GFP fluorescence lifetime imaging is

more effective in monitoring treatment, i.e. detecting treatment efficacy

earlier.

Summary and Conclusions

Results

o Early detection and treatment is the best solution to increasing the survival

rate of breast cancer patients. If tumor cells are detected before spreading,

therapies are less invasive and more effective in eradicating the cancer.

o Human estrogen-dependent breast cancer cell line MCF-7 has been used

in many studies to test new drug and therapy efficiency.

o Treatment of xenograft tumors is usually started when mice develop

palpable tumors.

o Fluorescence imaging has been widely applied in small animal models(1).

o We hypothesize that fluorescence imaging of MCF-7 tumor expressing

green fluorescence protein (GFP) may serve as a tool to detect non-

palpable tumor growth and monitor its treatment early.

o Here we present here results on the early detection of human breast

cancer MCF-7 as well as monitoring its treatment in nude mice using a

time-domain in vivo small animal fluorescent molecular imaging system.
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Cells and Mouse Model

o Human breast cancer MCF-7 cell line expressing GFP was cultured in

DMEM + 10% FBS + G418 in standard condition, and harvested in

PBS/Matrigel (1:1) for mice injection.

o CD-1 nude female adult mice aged 6-8 weeks received subcutaneous

injections of 2 million cells. 17-β-estradiol (0.72mg, 60 days release) and

tamoxifen (5mg, 60 days release) pellets (Innovative Research of America,

USA) were implanted 2 weeks before, and 2 weeks post-injection of

cancer cells, respectively.

o Mice were euthanized, and tumors were excised for ex vivo tumor imaging.

All procedures were in accordance with the Canadian Council on Animal

Care.

Fluorescence Molecular Lifetime Imaging

o Fluorescence imaging was performed with the highly sensitive

fluorescence lifetime imager Optix MX2(2). Mice were maintained with

isoflurane anesthesia throughout every in vivo imaging study conducted.

o All acquired data was processed using the OptiView™ analysis software.

GFP expression in vivo was determined by measurement of fluorescence

intensity, lifetime and location of the tumors over the time and confirmed by

ex vivo tumor imaging. Statistical analyses were performed with Prism4.

4. Monitoring of Tamoxifen Treatment
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Figure 5. White light A) and fluorescent B) images of excised tumors. Treatment

reduced the tumor growth, as indicated by tumor size A) as well as fluorescent signal

images B) and intensity C). D) The intensity was correlated with tumor weight,

confirming that all the tumors were expressing a similar level of GFP. Thus, the

treatment reduced cell growth, not GFP expression. * p<0.02.
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Figure 4. A) 12 days after MCF7-

GFP cells were injected, one group

of mice received Tamoxifen

treatment through pellet

implantation. Tumor growth and

the effect of treatment was

quantitatively monitored over time.

In the course of 40 days, the mice

were imaged once every 10 days.

Fluorescence intensity, with

lifetime gating analysis from GFP

expressing MCF-7 cells is reported

in normalized photon counts (NC).

B) Quantification was performed

for each tumor. Statistical

differences were observed

between the two groups on the 20th

day of the treatment (Day 30). C)

The same experiment was

performed using manual

measurement using a caliper.

Tumors were visible only at Day 25

or later; before that time, caliper

measurement was difficult. At Day

35, a statistical difference was

seen between the two groups.

* p<0.05, ** p<0.005, ***p<0.001.

5. Ex Vivo Imaging

Figure 1. A) Fluorescence intensity image of a

mouse with two MCF7-GFP tumors. B) The

decay features of fluorescent signals from the

tumors and autofluorescence from skin result in

different TPSF curve shapes, from which a

specific lifetime value of GFP is obtained (~2.50

ns).

1. Distinguishing GFP Signal from Autofluorescence

Utilizing Fluorescence Lifetime

2. Lifetime Gating Analysis Reduces Variability
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Tumor 1 (GFP) : 2.49 ns

Tumor 2 (GFP) : 2.50 ns

Skin (autofluorescence): 2.13 ns
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Figure 2. A) Fluorescent intensity images before and after lifetime gating. From lifetime

analysis, pixels with a lifetime value between 2.4-2.7 ns were considered GFP. Non-

specific signals are removed by the lifetime gating process. This greatly increases the

accuracy when quantifying results, as illustrated in B), where the standard deviation is

much smaller when lifetime gating is applied vs. when raw signal is used (n=6).
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3. Non-Palpable Tumor Detection

Figure 3. A) 3D profile showing early

growth tumors were too small to be

measured with a caliper and were also

non-visible and non-palpable. B)

However, the same non-palpable

tumors are easily detectable and

quantifiable by optical imaging of GFP.
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