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A bioluminescence reporter mouse
model for visualizing and quantifying

CD8+ T cells in vivo

Abstract

Cytotoxic CD8+ T cells are the primary effector cells mediating anti-tumor responses. [z vivo monitoring of CD8+ T cells has
broad implications for the development of novel cancer therapies. Here we describe the development of a genetically engineered
mouse model (GEMM) in which CD8+ T cells are labeled with an optical reporter, enabling iz vivo, longitudinal monitoring using
bioluminescence imaging (BLI). Firefly luciferase (Luc2), human diphtheria toxin receptor (DTR), and enhanced green fluorescence
protein (eGFP) cDNAs are engineered under the CD8« promoter to generate a transgenic mouse line. Luciferase mRNA and CD8«
mRNA were generally correlated in various tissues from these mice. Sorted splenic CD8+ T cells, CD4+ T cells and CD3- non-T
cells verified that the luciferase signal is specific to CD8+ T cells. I vivo imaging showed that luciferase signal was detected in various
immune organs, such as lymph nodes, thymus, and spleen, and the detection was confirmed by ex vivo examination. Administration of
diphtheria toxin markedly reduced luciferase signal systemically, confirming the function of the DTR. In the MC38 mouse syngeneic
model, we observed significant increases in CD8+ T cells with mDX400 treatment, an anti PD-1 mouse monoclonal antibody that
correlated with tumor growth inhibition. This novel reporter GEMM is a valuable drug discovery tool for profiling compounds and
understanding mechanisms of action in immunotherapy of cancer.
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Introduction

CD8+ T cells are an essential component of the adaptive immune system.
Specifically, cytotoxic T cells are a subpopulation of MHC class I-restricted
T cells which are responsible for killing virally infected and cancerous
cells.” Tt has been established that CD8" T cells are required for effective
antitumor immunity and their differentiation and infileration into the tumor
microenvironment (TME) play a crucial role in the prognosis of cancer.”
CD8+ T cells may be inhibited through the expression of co-inhibitory
receptors expressed on tumor cells, such as programmed death ligand-1 (PD-
L1) and CD80. These receptors interact with programmed death (PD-1)
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and cytotoxic T lymphocyte antigen-4 (CTLA-4) effectively blocking their
activation and function.'’ Because of this phenomenon, understanding the
mechanism and timing of infiltration and differentiation of CD8+ T cells
into the TME aids us in the development of efficacious treatments.®
Clinically, it is important to understand the immune response in the
TME solicited by treatments such as immunotherapy upon both diagnosis
and throughout the treatment process to plan, and potentially alter, the
most effective therapy throughout the course of treatment.! To assess the
TME, immunohistochemistry (IHC) for molecular and immune markers
can be used on tumor biopsy as well as flow and Cytometry by time of
flight (CyTOF) to phenotype the cells that comprise the tumor.”** These
same techniques are used in preclinical in vivo models. While effective, there
are limitations to these methods. Analysis of the tumor requires that the
mouse be euthanized, and the tumor harvested, and processed for analysis
through cell staining for flow, CyTOE or sectioning and slide preparation
for IHC. More mice need to be added to the study to have statistically
significant group numbers and the data lacks the longitudinal timeline to
observe temporal infiltration of specific cells into the TME. To alleviate
these limitations, our goal was to develop a genetically engineered reporter
mouse model in which CD8+T cells can be visualized and quantified in
their native microenvironment. Tracking these cells will allow us to assess
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the temporal profile CD8+ T cells and quantify their populations, iz
vivo, using bioluminescence imaging (BLI).” This tool helps us understand
the mechanism of action of immunomodulatory treatments in enhancing
the tumor cytotoxic immune response and establish translatable immune
response PD biomarkers in Immuno-Oncology studies.

In vivo imaging technologies play an important role in cancer clinical
trials. Radiotracer-based molecular imaging technologies such as positron
emission tomography (PET) and single photon emission tomography
(SPECT) are more widely used to elucidate specific immune cell
populations, tissue distribution, metabolic state, target expression, and
cytokine production, compared to other imaging modalities, such as
computed tomography (CT), ultrasound, and magnetic resonance imaging
(MRI).” For example, [89Zr]Zr-oxine labeled therapeutic natural killer
cells and cytotoxic T cells were non-invasively tracked by PET/CT in
patients.'’ Recently, it has been reported that a radiolabeled minibody
89Zr-IAB22M2C against CD8+ T cells targeted specifically CD8+ T cell
populations in cancer patients.'" [99mTc]Te-HYNIC-IL-2 accumulation
in primary tumors was utilized to image CD25+ activated T-lymphocytes
after pembrolizumab and ipilimumab treatments in metastatic melanoma
patients.'”> FDG PET measures the metabolic states of cells and is also
proposed for assessing tumor response to immunotherapy.'® There have been
many successful developments that explore imaging the immune system
in pre-clinical mouse models. Radiotracers for imaging of CD3+, CD4+,
CD8+ T cell populations in mice were developed to predict tumor growth
response to Anti-CTLA-4 treatment.'* Development of PET tracers for
OX40 and IL2 receptors were suggested as biomarkers of T cell activation
and both demonstrated a high uptake in lymphoid tissue.”” Granzyme
B and Interferon-y tracers were also reported for studying immune cell
functions in mice and can serve as a quantitatively useful predictive biomarker
16 However, given challenges in throughput and
complexity of the PET and SPECT technologies, bioluminescence imaging

for efficacious treatments.

(BLI) becomes a promising methodology in pre-clinical animal models for
understanding the biology of the immune system, tumor microenvironment
and mechanism of action in drug discovery. A transgenic reporter line in
which a human IL-6 promoter drives the luciferase reporter allows for
the assessment the chronic inflammatory status in various diseases using
BLIL"” The TLR2-Fluc-AcGFP transgenic was generated to study regulation
of IL-10 through TLR2 signaling.'” Mx2-Luc transgenic mouse model
was used for studying temporal and spatial resolution of Type I and III
interferon responses.'® A knock-in IFN-B-luc mouse model allows scientists
to interrogate how type I interferon (IFN) was produced iz vivo and revealed
influenza viral induced tissue-specific induction of IFN-beta.'” More recently,
the IFN-y-BAC-luciferase reporter transgenic was introduced for tracking
induction in autoimmune and other infectious disease settings.”’ For immune
cell tracking, the FoxP3-luciferase-based transgenic was created for visualizing
Foxp3+CD4+ regulatory T cells (Tregs) in vivo.”! Kleinovink et al. 2019
developed a dual color imaging mouse model that allows imaging of T cell
populations and their function simultaneously.”> Until recently, attempts
to visualize CD8+ T cell populations has been limited to tracking ex vivo
labeled CD8+ T cells that were adoptively transferred.”*>* As cytotoxic
CD8+ T cells are the key component in the tumor microenvironment
for anti-tumor activity, it is important to study the kinetics of CD8+
T cell trafficking and responses to immunotherapies. A knock-in CD8«
mouse model comprising of Akaluciferase-2A-EGFP has been reported a
month prior to our submission.”” While NIR AkalLumine may emit a
brighter signal, it also has an abundance of hepatic background signal
which interferes with other luminescence signal in the surrounding regions.”®
The location and intensity of this signal make visualizing and quantifying
signal from subcutaneous flank tumors difficult and inaccurate, necessitating
the implantation of tumors towards the shoulder and neck region. In this
manuscript, we describe a genetically engineered mouse line in which firefly
luciferase (Luc2), diphtheria toxin receptor (DTR), and enhanced green

fluorescence protein (eGFP) reporter cassette is under the control of CD8«
promoter in a mouse bacterial artificial chromosome (BAC) clone. This line
is referred to as CD8a-LDG. We demonstrated that the luciferase reporter is
specifically expressed in CD84 T cells, the function of T cells is unchanged,
and the kinetics of infiltration of CD8+ T cells in “hot” tumors and responses
to therapies was visualized and quantified.

Materials and Methods
Animal Reassurance Statement

All in vivo studies were humanly conducted with the oversight of the
MRL-Boston IACUC in accordance with the Institute for Laboratory Animal
Research’s Guide for the Care and Use of Laboratory Animals.

Reporter Cassette Synthesis and Mouse Breeding

Luc2-P2A-DTR-P2A-¢GFP reporter cassette (LDG) development: The
Luc2-P2A-DTR-P2A-eGFP reporter cassette was synthesized by fusing the
firefly luciferase Luc2 (Promega), human diptheria toxin receptor (DTR),
and enhanced green fluorescence protein (eGFP) ¢cDNAs spaced by P2A
self-cleavage peptide DNA sequences. The synthesized reporter cassette was
cloned under the synthetic CAG promoter into pcDNA3.1+4 expression
vector (Thermo Fisher Scientific).

In vitro expression of the Luc2-P2A-DTR-P2A-eGFP reporter cassette: SH-
SY5Y cells were plated into a 6-well plate and kept at 37°C overnight.
At 90% confluency, cells were transfected with 2pg of either the empty
vector pcDNA3.14+ or pcDNA3.1-CAG-LDG per well for 3 repeated wells
using lipofectamine 2000 transfection reagent kit (Thermo Fisher Scientific)
following the protocol. Twenty-four hours post transfection, D-luciferin in
phosphate buffered saline (PBS) was added into each well at 150mg/L. The
plate was imaged using IVIS Spectrum (Perkin Elmer). After bioluminescence
imaging, fluorescence images were recorded using the EVOS Cell Imaging
System (Thermo Fisher Scientific).

Generation, genotyping, and gene profiling of CD8a-LDG founders: The
CD8a-LDG transgenic founder mice were generated at Taconic Biosciences.
The Luc2-P2A-DTR-P2A-eGFP reporter cassette (LDG) was engineered
into the BAC clone #RP23-439E18 by fusing the translation start codon
ATG of the mouse CD8c gene with the start codon of the firefly luciferase
cDNA (Luc2). The final construct containing 174Kb of 5°- upstream flanking
region of the CD8« gene, 11kb of LDG cassette and 40Kb of 3’- downstream
flanking region of the CD8a« gene. The fragment was microinjected into the
pronucleus of fertilized eggs that were collected from C57BL/6 mice. The
founders were identified by PCR from tail tip DNA using primers against the
Luc2 reporter gene. Gene expression profiling of founder lines was performed
at Taconic Biosciences using RT-PCR by comparing mRNA transcriptional
patterns of the endogenous CD8« and the reporter Luc2 gene from liver,
spleen, muscle, blood, and bone marrow.

Transcriptional assessment of the LDG reporter cassette in splenocytes

mRNA transcription of Luc2, DTR and eGFP: Genomic DNAs and RNAs
from collected animal samples were purified by AllPrep DNA/RNA Kits
(Qiagen) as described by the manufacturer’s protocol. cDNA synthesis was
performed using SuperScript™ III First-Strand Synthesis kit (Thermo Fisher
Scientific) following the manufacturer’s protocol to reverse transcribe mRNA
into cDNAs. Real time RT-PCR was performed to measure cDNAs and
genomic DNAs from the samples using TagMan™ Universal PCR Master
Mix (Thermo Fisher Scientific) and Tagman probes against GFP (Thermo
Fisher Scientific; Mr03989638_mr), luciferase (Thermo Fisher Scientific;
Mr03987587_mr), and human diphtheria toxin receptor (customer made
Tagman primer and probe) following the manufacturer’s protocol. HT9700
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was used to perform real time PCR to automatically generate the Ct (cycle
threshold) for each gene. GAPDH in each sample was measured to normalize
the test genes mRNA and genomic DNA levels. Ratio of mRNA levels to
genomic DNA levels of each gene was used to compare the 2 genes expression
under the control of the same promoter.

Interrogation of Reporter Gene Function

In Vivo Bioluminescence Imaging: Whole body luciferase signal was
assessed in the founder line using BLIL. For in vivo imaging, five mice
at a time were anesthetized with 3% Isoflurane (Covetrus) in 100%
oxygen and given a dose of 100pl of a 30mg/mL solution of Xenolight
D-luciferin (Perkin Elmer) dissolved in PBS subcutaneously (150mg/kg).
Mice were placed on the heated (37 °C) shelf of the imaging chamber
of the IVIS Spectrum (Perkin Elmer) system and maintained on 3%
Isoflurane via nose cones attached to the internal anesthesia manifold.
Acquisition exposure time was 1 minute. Following the scan, mice
were removed and placed back into their respective cages for sternal
recovery. Luciferase signal was quantified using LivingImage Software 4.5.5
(Perkin Elmer).

Bioluminescence Ex Vivo Tissue Survey: Mice were anesthetized and whole-
body perfused with PBS. Organs were harvested, rinsed in PBS and gently
blotted on a paper towel before placing in a 6-well plate containing 2mLs
of 150mg/L Luciferin and bathed for 5 minutes. Organs were blotted on a
paper towel again to remove excess Luciferin and placed on black construction
paper for imaging. Individual organ signal was quantified by placing regions
of interest around each organ using Livinglmage Software.

Harvesting and Labeling Splenocytes for Flow Cytometry and in vitro
Luciferase Assay: Wildtype and CD8a-LDG mice were humanely euthanized
with CO, inhalation according to Animal Care and Use Harmonized
Guidelines and spleens were collected and kept on ice. Spleen was pulverized
using the blunt end of a syringe and flushed through a 40pm filter with
10mLs of cold PBS. Red blood cells in the splenocyte suspension were
lysed with RBC Lysis Buffer (Invitrogen). After 5 minutes of centrifugation
at 500g, remaining cells were suspended in stain buffer (BD Biosciences)
and labeled with antibodies to sort them into CD4+ (BD Biosciences),
CD8+(BioLegend) and non CD3+ (BioLegend) populations using flow
cytometry (FACSAria III, BD Biosciences).

In Vitro Luciferase Assay: An in vitro luciferase assay was performed on
splenic cells of wildtype and CD8a-LDG mice. 100,000 cells from sorted
CD4+, CD8+ and non CD3+ populations each population were plated in
100pl of Dulbecco’s Modified Eagle Medium (Gibco Laboratories) in a black,
96-well clear bottom plate. Five pl of 30mg/mL Luciferin was added to each
well and imaged in the IVIS Spectrum for 2 minutes. Individual wells were
quantified using Livinglmage Software.

Diptheria Toxin Administration Study: To confirm the functionality of the
DTR, wildtype and CD8w-LDG mice were ventrally shaved and dosed with
18pg/kg diptheria toxin (Sigma) intraperitonially (IP), for 3 consecutive days,
and tracked daily with BLI. Whole body imaging signal from the ventral side
was quantified using Livinglmage Software

Tumor Studies and Immune Characterization

MC38 Tumor Response Study: Eight week old female CD8a-LDG
transgenic and wild type littermate mice were subcutaneously inoculated in
the right flank with 5x10° MC38 colon adenocarcinoma cells (Southern
Research Institute) in 100L phenol red free DMEM (Gibco Laboratories).
Tumors were measured via caliper until they reached volumes between
80 and 120 mm?® (Volume = Length x Width x Width x 0.5). Mice
were then stratified into treatment groups based on tumor volume with
uniform group averages of approximately 100mm’Mice were dosed
intraperitoneally with 5mg/kg of either murine anti-PD1 antibody mDX400

or an isotype control antibody (Merck & Co., Inc., Kenilworth, NJ, USA
internally generated antibodies) every five days. /n vivo bioluminescence
imaging was performed as described previously throughout the
study.

Immune Characterization of CD8a-LDG Mice

Anti-CD3 T cell activation model: Eight week old female CD8x-LDG
transgenic and wild type littermate mice were dosed IP with either Sug
anti-CD3 antibody (Bio X Cell) or isotype control antibody (polyclonal
Armenian hamster IgG; Bio X Cell). Mice were euthanized four hours post
dose and blood was collected in K3EDTA microtubes (Greiner Bio-One
North America). Blood samples were centrifuged at 1000g for 10 minutes
and plasma was collected for cytokine analysis via electrochemiluminescence
(Meso Scale Diagnostics).

Delayed type hypersensitivity model: Eight week old female CD8«-LDG
transgenic and wild type littermate mice were sensitized with either sterile
PBS or an emulsion of 250g keyhole limpet hemocyanin (MilliporeSigma).
KLH emulsion is generated by diluting KLH stock to 7.5mg/mL in
sterile PBS and then adding equal parts by volume incomplete Freund’s
adjuvant and complete Freund’s adjuvant (Thermo Fisher Scientific), for
a final concentration of 2.5mg/mL. The components are then emulsified
using a tissue homogenizer (Cole-Parmer LabGEN 125) at 30,000 RPM
for three to five minutes. All components are refrigerated at 4°C prior
to use and kept on ice for the duration of the preparation and until
the time of injection. Seven days later ear thickness was measured via
caliper, followed immediately by intradermal injection in the ear of either
10puL sterile PBS or 10uL of Img/mL KLH diluted in sterile PBS
(all components refrigerated and kept on ice). Ear thickness was then
measured 24 hours, 48 hours, and 72 hours post ear injection by
caliper.

Statistical Analysis

Data are presented in the text and figures as means =+ standard error about
the mean. Student’s T-tests were conducted to evaluate statistically significant
differences between groups. *, **, and ***, statistical significances at P < 0.05,
P < 0.01, and P < 0.001 compared with the corresponding control mice or

treatment groups.

Results

Tissue and cellular-specific expression of Luciferase reporter cassette in

the CD8x-LDG mice

To study homeostasis, proliferation, and trafficking of CD8+ T cells in
mice, we generated a transgenic reporter mouse line using a mouse bacterial
artificial chromosomal clone (BAC) containing the mouse CD8c gene. We
first generated a reporter cassette Luc2-P2A-DTR-P2A-eGFP (LDG) for
tracking CD8+ T cells using luciferase-based bioluminescence imaging,
depleting CD8+ T cells by diphtheria toxin treatment, and performing
flow analysis using a GFP marker. The reporter cassette was engineered
under a strong synthetic CAG promoter®” and tested in SY5Y cells using
transient transfection. Strong luciferase activity and weak GFP signal was
detected (Suppl. Fig. 1). The reporter cassette was then engineered under
the mouse CD8« promoter (Fig. 1A) and transgenic CD8«-LDG founders
were identified. Transcription of endogenous CD8« and luciferase reporter
Luc2 genes in various tissues was analyzed using RT-PCR. The pattern of
luciferase mRNA transcription generally corelated well with the endogenous
CD8a mRNA pattern with an exception that high Luc2 mRNA and low
CD8a mRNA were observed in muscle (Suppl. Fig. 2).
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Figure 1. Tissue and cellular specificity of Luc2 reporter expression A. Mouse genomic locus shows the insertion point of the reporter cassette and BAC clone.
B. CD8+ T cell luciferase signal observed in vivo is confirmed with ex vivo tissue imaging. C. Luciferase signal from various tissues were quantified in photons
per second using LivingImage software and plotted as mean = standard error (n =3). * indicates statistical significance at P < 0.05 between male and female
thymus with a Student’s T-test. D. CD4+ T cells, CD8+ T cells, and non-CD3 T cells were sorted from splenocytes of CD8«-LDG (n=3) and wildtype
(n=3) littermates using flow cytometry and pooled cells were imaged with the IVIS Spectrum in duplicate in a 96 well black plate.

To examine tissue distribution of CD8+ T cells, mice were imaged from
both ventral and dorsal sides. The ventral image of a CD8«-LDG mouse
shows that luciferase expressing CD8+ T cells were mainly emanating from
immune organs, such as lymph nodes, thymus, and spleen. (Fig. 1B). There
was no significant gender difference observed with the exception of the
thymus (Suppl. Fig. 3 & Fig. 1C). To confirm the origin of luciferase signal,
tissues were collected, and ex vivo imaging confirmed high signal observed
from spleen, thymus, and axial, inguinal, and mesenterial lymph nodes
(Fig. 1B). As expected, thymus, spleen and digestive tissues showed strong
luciferase signal while muscle showed very low luciferase signal (Fig. 1B&C).

However, some muscle tissues showed small hot spots, possibly from lymph
nodes in the muscles (data not shown). Surprisingly, high CD8+ T cell signal
was also observed from lung and cerebellum brain region.

To further confirm the luciferase signal originated from CD8+ T cells
where the CD8o gene is transcribed, we sorted CD8+ T cells, CD4+4 T cells,
and non-CD3 T cells from splenocytes and a luciferase assay was performed
Fig. 1D clearly shows the luciferase signal is exclusively expressed from CD8+
T cells.

Then we examined expression and function of DTR by IP injection
of diphtheria toxin (DT). Three days of treatment of DT markedly
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Figure 2. Examination of DTR and eGFP A. CD8«-LDG mice were IP injected with either PBS (n=2) or 18 pg/kg of diptheria toxin (n=3) for 3 consecutive
days and mice were imaged at 0 (pre-treatment), 24, 48, and 72 hours after the first treatment. Representative images are shown. B. Luciferase signal from the
entire ventral side were quantified as described in Fig. 1 and plotted as mean + standard error. *** indicates statistical significances at P < 0.001 compared with
the corresponding PBS treated mice with a Student’s T-test. C. CD45+CD3+- cells were isolated from splenocytes of CD8c-LDG mice and analyzed by flow
cytometry. Representative biparametric cytogram plots shows populations of CD4+ and CD8+ T cells while GFP was not detectable on the FITC channel.
D. mRNA and genomic DNA isolated from CD8w-LDG and wildtype littermate splenocytes (n=3) confirms the presence of the Luc2, DTR and the eGFP
reporter gene by comparing the ratio of mRINA levels to genomic DNA levels of each gene. There are no significant differences (NS) when comparing the
mRNA of Luc2, DTR and eGFP using One-Way Analysis of Variance method. * and ** indicate statistical significances at P < 0.05 and 0.01 compared genes
between CD8w-LDG mice with the wildtype littermates, respectively, with a Student’s T-test.

depleted Luciferase expression in all organs (Fig. 2A & B). DT reduced  detected while CD8+ T cells were observed. Splenic mRNA was analyzed for
CD8+ T cell signal about 97% of baseline from 4.3 x 107 to 4.4x 10° while transcription levels of Luc2, DTR, and eGFP using RT-PCR, demonstrating
signal from PBS controls was only changed from 3.2x107 to 2.1x107.  that these three genes were equally transcribed (Fig. 2D), indicating that
However, we were not be able to detect any GFP positive cells by either =~ eGFP was not functional and might not be efficiently cleaved by the P2A
fluorescence microscopy or Flow analysis. Fig. 2C shows no FITC was  peptide.
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Figure 3. T cell function is not affected by the expression of the reporter cassette. CD8a-LDG mice and WT mice (n=10) are IP stimulated with either
5pg of anti-CD3 monoclonal antibody or isotype control antibody and plasma samples were collected 4 hours post treatments. Plasma IFN-y (4) and IL-2
(B) were assayed as described in Materials and Methods and plotted as as mean + standard error. In a Delayed-Type Hypersensitivity Ear Thickness Model,
ear thickness was measured by caliper following injection with keyhole limpet hemocyanin (KLH). Data are dipicted as mean + standard error of changes in
ear thickness from the baseline. D. MC38 tumor bearing WT and CD8a-LDG mice with average volume of about 200mm? were enrolled into two groups
(n=10). Both WT and CD8w-LDG mice were then treated with isotype controld or DX400 and tumor growth is plotted as mean = standard error of tumor
volumes. There are no significant differences (NS) between the CD8«-LDG mice and their WT littermates in any graph in Fig 3. *** indicates significant
differences between control and treated mice at p <0.001 with Student’s T-test.

Expression of LDG cassette does not impair normal CD8+ T cell as IFN-y and IL-2 when activated. We stimulated both CD8«-LDG and
Sfunction wildtype mice with Anti-CD3 mouse monoclonal antibody. A single IP
injection of anti-CD3 mAb strongly induced secretion of both IFN-y and
We evaluated if expression of the reporter cassette affects the functionality IL-2 in plasma at the same levels in CD8c-LDG mice and wildtype littermate

of the CD8+ T cells. CD8+ T cells produce and secrete cytokines such controls while the isotype antibody control had no effect (Fig. 3A&B).
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Figure 4. Visualization of the CD8+ T Cells in MC38 tumors in vivo in real time, in response to anti-PD1-mAb CD8w-LDG mice were implanted
subcutaneously with MC38 tumor cells and mice with an average volume at 200mm? were enrolled into mDX400 and isotype control antibody groups
(n=10). Mice were imaged using BLI at day 0 (pre-dosing), 3, 7, 11, and 13 post treatment. A. Bioluminescence images show the dorsal side of animals
with tumor on the right flank. Luciferase signal comes from the tumor region and is displayed on the same color scale for all images. B. Tumor volumes
(mm?®) were measured by caliper and plotted as mean =+ standard error of tumor volumes. C. Tumor infiltrated CD8+ T cells were assessed by quantifying
the luciferase signal in photons per second over the tumor region and plotted as mean =+ standard error. D. CD8+ T cell density was assessed and graphed
as mean =+ standard error of the ratio of tumor luciferase signal to tumor volume (Photons/second/mm?). For all graphs in Figure 4, *,** and *** indicate
significant differences between Isotype control and mDX400 treated mice at p <0.05, P < 0.01, and 0.001, respectively with Student’s T-test.
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Delayed-type hypersensitivity (DTH) reactions, also known as type IV
hypersensitivity reactions, are mediated by soluble or cell-associated antigens
primarily involving CD4+ or CD8+ T cell activation. We further examined
these CD8x-LDG mice with the KLH DTH model to test the function of
CD8+ T cells. Fig. 3C demonstrated that the expression of LDG reporter
genes had no effect on ear thickness in response to KLH stimulation
compared to wildtype control mice.

To demonstrate that LDG reporter expression did not affect tumor growth
in syngeneic mouse models, we implanted MC38 tumor cells on the flank
of CD8«-LDG mice and their wildtype littermates. As shown in Fig. 3D,
the growth rate of MC38 tumors in CD8«-LDG mice and the response to
anti-PD-1 antibody treatment were identical to that in wildtype litctermate
controls.

Visualizing CD8~+ T cells in “hot” tumors and responses to therapeutics

To visualize the kinetics of CD8+ T cells in tumor models, we choose
the “hot” MC38 model to test if we can detect infiltrated CD8+ T cells
in the tumor, and how the CD8+ T cells respond to a treatment with
an immune checkpoint antibody, anti-PD-1 mouse monoclonal antibody,
mDX400. MC38 tumor cells were implanted into the right flank of CD8«-
LDG mice and mice were randomized into isotype control mouse mAb and
mDX400 mAb groups (n=10) with average tumor sizes of 221+22mm” and
221419mm,’ respectively. Antibodies were administered once every 5 days
intraperitoneally at 5mg/kg with a total of 3 doses. Tumors were calipered
twice a week and bioluminescence imaging was performed once a week.
As shown in Fig. 4A., basal level of luciferase signal was observed in the
regions of tumor growth prior to treatment. mDX400 stimulated infiltration
of CD8+ T cells as early as 3 days into treatment. mDX400 mediated about
4.0-fold increases in luciferase signal over the tumor region and the tumor
volumes only increased to 2.5-fold over the 13 days of treatment (Fig. A-
CO). In contrast, the isotype control antibody treatment had no effect on
luciferase signal (1.1-fold) while tumors significantly grew to 8.5-fold and
three mice had to be euthanized due to tumor volumes on day 11 (Fig. A-C).
Noticeably, some isotype control treated tumors showed decreased CD8+
T cell signal during tumor growth. When tumor infiltrated CD8+ T cell
luciferase signal was normalized with its tumor vol