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Introduction

Fluorescent imaging techniques using green fluorescent
protein (GFP) allow the visualization of tagged proteins and their
movement in living cells in vitro and in vivo. It is difficult to detect
the early stages of tumor progression and micrometastasis
formation. Using GFP as a marker for cancer cell study in vivo
provides an attractive solution. Fluorescence lifetime imaging
(FLIM) is a powerful technique based on the intrinsic
characteristics of fluorophores. Using lifetime gating, FLIM allows
one to increase the sensitivity and specificity by separating the
signal of interest from unwanted “noise” such autofluorescence
background or other fluorescent sources.

Here, we report a new approach to study whole body
metastatic spread using GFP-expressing human melanoma A375
cells. The human amelanotic melanoma cell line A375 previously
isolated from a metastatic lesion in the lung has the ability to
induce skeletal and whole body metastases when injected into the
left ventricle of nude micel'. In this study we use an in vivo
fluorescence lifetime imaging device to track A375 melanoma cell
colonization to bone and various organs in whole body mice.

Materials and Method

Cells and mouse model

A375 melanoma cells were transfected with GFP expression
vector, pPEGFP-C1, cultured in DMEM + 10% FBS and G418,
and harvested in saline for mice injection. CD-1 nude adult mice
received a cell injection either subcutaneously or in the left
ventricle of the heart. Some mice were sacrificed, and scanned
for in situ tumor imaging. All procedure were performed in
accordance with the Canadian Council on Animal Care.

maging system and Image processing

The mice were imaged in a time-domain in vivo small-animal
fluorescence imager under isoflurane anesthesia 2.

A commercial software was used for the entire analysis and
quantification. Fluorescence lifetime was used to select the
proper fluorescent signal from GFP from the non specific
autofluorescent signal (.

Results

1. Minimal GFP cell detection
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Figure 1. A) A375 cells expressing stable high-intensity GFP. B) In vitro
assessment of A375 GFP cells. C) S.C. injection of A375 GFP cells. Various
numbers (from 1000 to 5000) of cells were injected. The mouse picture (left
panel) shows the injection spots. With intensity (middle panel), only the signal
from a large number of cells can be differentiated from the background. However,
when fluorescence lifetime analysis is used (right panel) we are able to visualize
all the injections with a lifetime for GFP between 2.2-2.4 ns. A saline injection
served as control. Using the lifetime map, we are able to visualize as little as
1000 GFP expressing A375 cells.
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2. Whole body metastasis detection
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Intensity (NC) Figure 2. Mouse developing whole body metastasis 30
4.8e4 days after A375-GFP heart injection. A) Lifetime map
< showing GFP fluorescence signal between 2.3-2.8 ns .
3664 < B) The signal intensity map before (left panel) and after
(right panel) lifetime gating. Tumors were apparent
around the heart (green arrow), above the intestines
24e4 (yellow), on the left flank (orange), and near the
genitals (pink). C&D) The same mouse was sacrificed
and anatomically analyzed in order to confirm internal
1.2e4 metastasis. C) In situ whole body scan shows tumors
expressing GFP. D) Anatomic photograph confirming
0 tumor positions.

3. Bone tumor detection and quantification
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Figure 3. Bone metastasis formation over time. A) The same mice were
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scanned several times until

sacrificed. Bone tumors were the first to be detected visually as early as 10 days after tumor cell injection.

Lifetime gating of 2.3-2.8 ns was used for GFP analysis. B) Quantification of

bone tumor in both legs from

two different mice, that received heart injection of A375-GFP cells. An ROI surrounding each posterior leg
was used to calculate the total fluorescent intensity (light blue dash line in panel A). C) Mouse 1 was scanned

in a micro-CT (X-ray) in order to confirm bone tumors in several places in both I

4. 3D reconstruction

Figure 4. Reconstructed 3D volume of
the tumors. Color scale represents
relative cell numbers in vivo. Detected
tumor positions: heart, liver, intestines,
bladder, genitals and both legs.

legs (light blue arrows).
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4. Tumor treatment monitoring
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Figure 5. Mice received two s.c. injections of A375GFP cells (1
million) on the flank. At day 6, treatment mice received daily i.p. of
Dabacarbazine (80mg/kg). The tumor growth was assessed by the
fluorescence signal over time. A) Scans represent treated and non-
treated tumor GFP imaging. Non-treated tumors grow progressively.
In contrast, treated tumor growth has been inhibited. B), Effect of
Dabacarbazine treatment on human melanoma A375 tumor growth.
The mean GFP fluorescent average shows significantly inhibition of
tumor growth in treated group as compared to non-treated group
(buffer solution injection).

Summary & Comublissioss

Whole body fluorescence lifetime imaging permits
early (i.e. 10 days after tumor cell injection) in vivo
detection of bone and soft tissue metastases.

As little as 1000 cells were detected in vivo. This
demonstrated that FLIM is a highly specific and
sensitive technique for GFP expressing cell detection
in vitro and in vivo.

Using fluorescence lifetime gating, we successfully
separated GFP from autofluorescence background.
This demonstrated that fluorescence lifetime gating is
a powerful technique for treatment monitoring in vivo.
Reconstructed 3D GFP localization confirms tumor
position in vivo.

GFP fluorescence measurement provides a
quantitative method to evaluate tumor growth and
inhibition by a treatment.
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