In Vivo Labeling for Ex Vivo 3D Tracking of CAR T cells
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Figure 3

Classic histology and 2D microscopy are unable to
provide 3D representative overview of the heterogeneous tumor physiology and distribution of cellular
therapies within and around the tumor.
In this proof-of-concept study we present the combi-
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nation of multispectral fluorescence ultramicroscopy
(UM) with tissue clearing and in vivo labeling of CAR
T cells. This platform allows 3D visualization and
quantification of multiple tumor parameters and CAR
T cell penetration at a cellular level.
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Figure 3: Classical fluorescence microscopy of αCD66-LNGFR+ CAR T cell– and mock-treated pancreatic xenografts. Tumor cells were labeled ex vivo with an
Anti-EpCAM antibody, human (red), T cells were labeled with a CD3 antibody, human (green), and cell nuclei were labeled with DAPI (blue). The data demonstrate
that the majority of the αCD66-LNGFR+ CAR T cells did not penetrate deeply into the tumor.
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Methods
In vivo labeling for ex vivo 3D tracking of CAR T cells

An Anti-LNGFR monoclonal antibody (mAb) was labeled with Vio® 667 Dye (Miltenyi Biotec, Bergisch
Gladbach). Pancreas xenografts were generated by
s.c. injection of tumor cells into NSG mice (CRL). After
14 days of engraftment, the animals were treated i.v.
with 4´106 αCD66c-LNGFR+ CAR T cells (n = 2) or 4´106
mock T cells (LNGFR–) (n = 2). Twelve days after treatment, both groups were injected i.v. with 10 mg/kg
Anti-LNGFR-Vio 667 mAb. After six hours 100 µg
rhodamine-labeled lectin (50 µL) (Vector Laboratories) were injected i.v.. After 5 minutes of incubation,

the animals were scarified, tumors were excised and
cleared according to the ethyl cinnamate (ECi)-based
protocol. The cleared specimens were scanned with
the UltraMicroscope II (Miltenyi Biotec). The samples
were scanned with a diameter of up to 5 mm at a
voxel size of 4 µm. (Vio 667: ex. max. 647 nm, em.
max. 670nm; rhodamine-lectin: ex. max. 550 nm, em.
max. 575 nm; GFP ex. max. 395 nm, em. max 488 nm
(not shown)). Data analysis was performed using the
Imaris® software.
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Figure 4: In vivo labeling of LNGFR+ CAR T cells and ex vivo tracking using Ultramicroscope II.
A: Tumor vasculature network, including feeding vessels, was clearly visible. The CAR-treated tumor appeared to have a greater vascularization level (fig. A).
B: Anti-LNGFR-Vio 667 mAb targeting CAR T cells indicated shallow penetration of αCD66-CAR T cells within the tumor and accumulation of the αCD66-CAR T cells
in the tumor periphery, as seen in fluorescence microscopy. As for the mock-treated tumor, passive accumulation of the Anti-LNGFR-Vio 667 mAb was seen around
necrotic areas and lack of labeling in the periphery, further supporting the specificity of the Anti-LNGFR-Vio 667 mAb.
C: Double channel overlay showed rhodamine-lectin (red) and Anti-LNGFR-Vio 667 mAb (violet) labeling.

Results
High binding specificity of the vessel marker
rhodamine-lectin in combination with fluorescent
properties of the Vio 667 mAb fluorescent signals resulted in a high signal-to-noise ratio. Chaotic, irregular,
and highly branched vascular structures, typical of an
angiogenic vasculature, within a tumor with a high
degree of heterogeneity were observed, in contrast to
large and less torturous feeding vessels (fig. 4).
Anti-LNGFR-Vio 667 signals indicated that
αCD66-LNGFR+ CAR T cells did not penetrate deeply
into the tumor and rather accumulated in the tumor
periphery1, confirming previous 2D fluorescence
microscopy findings and lack of therapeutic effect
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in vivo (fig. 3).
Anti-LNGFR-Vio 667 signals in mock-treated tumors
were seen only near necrotic areas, indicating leakage of the labeling agent due to EPR effect (fig. 4).
Accordingly, the findings demonstrate that LNGFR is
a valid target for tracking CAR T cells in vivo. However, mAb are suboptimal labeling agents due to
unfavorable pharmacokinetics for this particular
application.
Quantification processes of CAR T cell numbers,
distribution within the tumor regions, and penetration distance from the closest vessel are currently
under development.

Conclusion and Outlook
The combination of UM, ECi-based clearing, and
in vivo labeling is a valuable analysis platform allow-

ing 3D visualization to better understand cellular
treatments of solid tumors.
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