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INTRODUCTION

Purpose: We investigated whether lymph node metastases of lung cancer can be detected using the
activatable method, by examining epidermal growth factor receptor (EGFR)-positive lung squamous cell

carcinoma in murine models.

MATERIALS AND METHODS

Synthesis of fluorophore conjugated antibody

Panitumumab (Pan) (1 mg, 6.8 nmol), was incubated with ICG-Sulfo-OSu (66.8 pg, 34.2 nmol, 5 mmol 1! in
dimethyl sulfoxide, Dojindo, Inc., Japan) in 0.1 M Na2HPO4 (pH 8.5) at room temperature for 30 min. The
reaction molecule ratio of Pan and ICG-Sulfo-OSu was 1 to 8.

Flow cytometry

EGFR-positive and EGFR-negative human squamous cell carcinoma cell lines were employed for the EGFR
targeting studies (H226 and H520, respectively). H226 or H520 cells (1 x 10° cell/well) with Pan-ICG were
incubated at 37°C for either 1 or 6 hours. To validate the specific binding of the antibody, excess Pan (50 pg)
was used to block 0.5 pg of Pan-ICG conjugate. The fluorescence signal from H226 and H520 cells after
incubation with the Pan-ICG conjugate was measured by flow cytometry (BD Biosciences, San Jose, CA).

In vitro fluorescence microscopy studies

The H226 or H520 cells (1 x 10%) were incubated for 24 hr. The Pan-ICG was added to the medium (5
pg/mL) and the cells were incubated for either 1 or 6 hr. The cells were then washed once with phosphate-
buffered saline, and were subjected to fluorescence microscopy using a BZ-X700 microscope (Keyence,
Osaka, Japan) equipped with filters meeting the following criteria: excitation wavelength 672.5-747.5 nm
and emission wavelength 765-855 nm.

Animal tumor model

Ten female, athymic nu/nu mice (Japan SLC, Inc., Shizuoka, Japan) were randomly segregated into two
groups of five mice each, and H226 and H520 cells suspended in phosphate-buffered saline (1-3 x 10°
cells/S0 ul) were injected into the lung tissue directly in each group, respectively.
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Tumor monitored by computed tomography

After injecting the tumor cells, tumor growth was monitored by animal computed tomography (CT; LaTheta
LCT-200; Hitachi-Aloka, Tokyo, Japan) every week. Animal models were thought to be established for this
in vivo study when the longest diameter of the lung tumor lesion exceeded 8 mm or atelectasis occupied more
than half of the lateral lung fields.

In vivo EGFR-targeted imaging studies

A dose of 50 pg Pan-ICG was injected via the tail vein into the tumor-bearing mice. Forty-eight hours after
conjugate administration, all the mice were sacrificed by cervical dislocation. The regions of interest were
drawn for the five lymph node metastases with the highest fluorescent signal intensities per mouse, and the
fluorescence signal intensity was calculated. The ratio of the fluorescence signal intensity between lymph
node metastases and the liver was used for statistical comparison. The correlation between the lesion size
and the signal ratio was analyzed.

Ex vivo EGFR-targeted imaging studies

To confirm the presence of lymph node metastases and EGFR expression, lymph nodes were embedded in
paraffin and stained with hematoxylin and eosin and the Pan-ICG conjugate. Fluorescence microscopy and

optical images (hematoxylin and eosin staining) were acquired.

RESULTS

Flow cytometry

Flow cytometry using the Pan-ICG showed strong fluorescence from the EGFR-positive cells and weak
fluorescence from the EGFR-negative cells after incubation with the Pan-ICG for 1 or 6 hours.

In vitro fluorescence microscopy

In vitro fluorescence microscopy produced similar results to those obtained for flow cytometry. Images after
1 and 6 hours’ incubation showed increased signal intensity in the EGFR-positive tumor cells.

Tumor monitored by CT

The imaging experiments were performed 56 to 98 days (74.9 = 13.6 days) after cell injection, when the CT
criteria were met.

In vivo EGFR-targeted imaging studies

The EGFR-positive node metastases had significantly stronger fluorescent signal intensities than the EGFR-
negative nodes 48 hours after injection. All the 25 EGFR-positive lymph node metastases were clearly
identified with the ICG-specific fluorescence signal, while the EGFR-negative tumor specimens produced a
much weaker signal. The lesion-to-liver fluorescence signal ratio was calculated (Fig 5), with a significantly
higher signal ratio in the EGFR-positive lymph node metastases (p < 0.05). Visually, ex vivo images showed
the EGFR-positive lymph node metastases acquired higher fluorescent signals than the EGFR-negative ones
(Fig 6). The signal ratio did not correlate with the lesion size in the EGFR-positive lesions (Fig 7, r=0.36,p =
0.08).

Ex vivo EGFR-targeted imaging studies

We confirmed the presence of lymph node metastases in all 50 lesions by staining with hematoxylin and
eosin. At 30 minutes after incubation with Pan-ICG, the EGFR-positive tumors showed stronger fluorescent
signal intensity than the EGFR-negative tumors (Fig 8).
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CONCLUSION
We have synthesized an activatable Pan-ICG conjugate and we have shown that this activatable conjugate
can detect mediastinal EGFR-positive lymph node metastases of squamous cell carcinoma with such high

contrast that this activatable Pan-ICG has a potential in assisting surgeons during endoscopic lung surgery.
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