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i) Chapter Title: OT-I TCR transgenic mice to study the role of PTPN22 in anti-cancer immunity

i) Abstract

Phosphotyrosine phosphatase non-receptor type 22 (PTPN22) is a key regulator of immune cell
activation and responses. Genetic polymorphisms of PTPN22 have been strongly linked with
increased risk of developing autoimmune diseases whilst analysis of PTPN22-deficient mouse strains
has determined that PTPN22 serves as a negative regulator of T cell antigen receptor signalling. As
well as these key roles in the maintenance of immune tolerance, PTPN22 acts as an intracellular
checkpoint for T cell responses to cancer, suggesting that PTPN22 might represent a useful target to
improve T cell immunotherapies. To assess the potential for targeting PTPN22, we have crossed
Ptpn22-deficient mice to an OT-I TCR transgenic background and used adoptive T cell transfer
approaches in mouse models of cancer. We provide basic methods for the in vitro expansion of
effector OT-I cytotoxic T lymphocytes, in vitro phenotypic analysis and in vivo adoptive T cell transfer

models for the assessment of the role of PTPN22 in anti-cancer immunity.

iii) Key words: PTPN22; T cell receptor; OT-I; adoptive cell transfer; immunotherapy; ovarian

carcinoma



1 - Introduction

PTPN22 is a cytoplasmic tyrosine phosphatase predominantly expressed in cells of haematopoietic
origin. Interest in the cellular functions of PTPN22 has been driven by studies showing that single-
nucleotide polymorphisms in PTPN22 are significant risk factors for the development of autoimmune
diseases such as rheumatoid arthritis and Type 1 diabetes (reviewed in [1-3]). Consistent with a
central role for PTPN22 in immunity, over the past two decades key functions for PTPN22 in the
regulation of both adaptive and innate immune cell function have been defined. Studies using
Ptpn22-deficient mouse strains have determined that PTPN22 is a negative regulator of T cell
antigen receptor (TCR) signalling [4, 5] and, in particular, plays a key role in limiting responses to
low-affinity self-antigens [6]. Whilst this inhibitory function is likely important in preventing
inappropriate T cell activation to self-antigens, we and others have recently shown that PTPN22 is
also a negative regulator of protective T cell responses to cancer [7-11]. These data suggest that
pharmacological inhibition or deletion of PTPN22 might represent a useful approach to enhancing
the efficacy of cancer immunotherapies.

CD8* T cells are thought to be the major target of immunotherapies such as immune checkpoint
inhibitors and play a key role in the control of malignancy by direct target cell killing and through the
production of inflammatory cytokines. Our studies have determined that, in the absence of PTPN22
expression, these CD8* T cell effector functions are enhanced. To model adoptive CD8" T cell cancer
therapies, we have taken advantage of the OT-I TCR transgenic mouse strain and syngeneic mouse
cancer lines [7, 8]. OT-1 CD8* T cells express an H-2K -restricted TCR specific for a peptide derived
from chicken ovalbumin (OVAzs7.264 / SHINFEKL) [12]. A useful feature of this model lies in the
capacity to assess responses of the transgenic T cells to a range of well-defined variants of the
SIINFEKL peptide that differ in affinity for the OT-I TCR [13]. When the OT-I strain is further crossed
with knock-out, knock-in or transgenic mouse strains, this enables researchers to test the impact of
genetic modifications (e.g. PTPN22-deficiency) on both high and low affinity antigen-specific CD8* T
cell responses. This is particularly useful in modelling responses to tumor antigens which may vary
from high affinity, immunogenic neoantigens to weakly stimulatory, low affinity self-antigens.

Here we describe basic protocols for in vitro expansion and differentiation of control and Ptpn227
OT-l effector cytotoxic T lymphocytes (CTLs). Furthermore, we describe approaches to assess CTL
effector function in vitro and adoptive cell transfer approaches to assess anti-cancer functions of
expanded T cell populations using the syngeneic ID8-OVA model of ovarian carcinoma. The protocols
described here are applicable not only to the study of PTPN22 in anti-cancer immune responses, but
potentially for analysis of any genetically modified mouse strain that has been crossed to the OT-I

transgenic background.



2 — Materials

2.1 CTL activation and differentiation
1. Centrifuge

2. Cell culture incubator (37°C / 5% CO,)
. Cell counter or haemocytometer

.15 and 50 ml Falcon tubes

. 70 um cell strainer

. Plunger of a 5-ml syringe

. 6 well plates

. T25, T75 and T150 cell culture flasks
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. Iscove’s Modified Eagle’s Medium (supplemented with 5% bovine serum albumin, 200 mM L-
glutamine, penicillin/streptomycin, 50 uM 2-mercaptoethanol)

10. OVA;57.264 peptide (SIINFEKL)

11. Recombinant human interleukin-2 (see Note 1)

12. Optional: Red blood cell lysis buffer (0.15M NH4Cl, 8.29 g/L; 10 mM KHCOs, 1 g/ L, EDTA 0.1 mM,
0.037 g/Lin 1 | H,0; sterile-filtered with 0.22 um filter, stored at 4°C)

2.2 CTL re-stimulation

1. Centrifuge

2. Cell culture incubator (37°C / 5% CO,)

3. 15 ml or 50 ml Falcon tubes

4. 48 well or 24 well cell culture plates

5. Iscove’s Modified Eagle’s Media (supplemented with 5% bovine serum albumin, 200 mM L-
glutamine, penicillin/streptomycin, 50 uM 2-mercaptoethanol)

6. Brefeldin A solution

7. OVA;s7-264 peptide and variants (e.g. SIINFEKL, SIITFEKL, SIIGFEKL)

2.3 Flow cytometry analysis

1. Refrigerated centrifuge

2. Fluorescent-activated cell sorter

3. Flow cytometry sample tubes

4. Cell fixation and permeabilization reagents (e.g. eBioscience FoxP3 transcription factor staining

buffer set)



5. Antibodies against T cell surface antigens and cytokines (e.g. CD8[3, CD25, CD44, IFNy, TNF) coupled
to fluorescent conjugates (e.g. PE-Cy7, PE, APC-Cy7, Alexa-Fluor-488, PerCP Cy5.5)
6. Live / dead discrimination dye (e.g. Thermofisher Live/dead aqua fixable dye)

7. PBS-0.5% bovine serum albumin (BSA)

2.4 ID8 ovarian cancer cell culture

1. Centrifuge

2. Cell culture incubator (37°C / 5% CO,)

3. T75 and T150 cell culture flasks

4. ID8-OVA-firefly luciferase (fLuc) cell line

5. RPMI-1640 media (supplemented with 5% bovine serum albumin, 200mM L-glutamine,
penicillin/streptomycin)

6. Trypsin-EDTA (0.05%) solution

6. Sterile PBS

2.5 In vivo ID8 cancer model
1. 1 ml syringes

2. 27 or 29 Gauge needles

3. Luciferin

4. Small animal optical imaging system (e.g. IVIS imaging system)



3 — Methods

3.1 In vitro activation and expansion of OT-I T cells

Key steps in protocol 3.1 are illustrated in Figure 1. [Fig. 1 near here]

1. Dissect lymph nodes * spleen from Rag1” OT-l or Rag1”" Ptpn227- OT-l mice (see Note 2), being
careful to avoid excessive amounts of fat, and transfer to 15 ml Falcon tube containing IMDM
medium (see Note 3).

2. (Work is performed in a biosafety / tissue culture hood). Disrupt tissues using the plunger from a 5
ml syringe. Wash disrupted tissues with IMDM through a 40 uM cell filter placed on a 50 ml Falcon
tube to create a single-cell suspension.

3. Pellet cells by centrifugation at room temperature (400 g / 5 min) and discard supernatant.

4. Optional: lyse red blood cells by resuspending cells in red blood cell lysis buffer for 2 minutes.
Wash in fresh medium.

5. Resuspend cells in fresh IMDM and count using haemocytometer or cell counter.

6. Adjust cell concentration to 1.5 x 10°/ ml for lymph node cells or 2 x 10° / ml for spleen cells.

7. Culture cells in 6 well plates, T25 or T75 flasks in presence of 10° M OVA2s7-264 (SIINFEKL) peptide
in cell culture incubator at 37°C / 5% COs,.

8. Following 2 days of culture, transfer cell suspension to 15ml Falcon tube(s). Add fresh IMDM to a
final volume of 12 ml and pellet by centrifugation at room temperature (400 g / 5min).

9. Resuspend pellet and repeat cell wash in fresh IMDM, to remove excess OVAzs7.264 peptide. Pellet
by centrifugation as described above.

10. Resuspend cells in fresh IMDM and count using haemocytometer or cell counter. Adjust cell
concentration to 2 x 10°/ ml.

11. Culture OT-I T cells in T75 or T150 cell culture flasks, as appropriate, in presence of 20 ng / ml
recombinant human IL-2 in incubator at 37°C / 5% CO, (see Notes 1, 4).

12. Following a further 2 days of culture, repeat steps 8-11.

13. By day 6 of culture, OT-I T cells will have differentiated to an effector CTL phenotype (see Note 5)

and can be used for in vitro (see 3.2) and in vivo (see 3.5) functional analyses.

3.2 Re-stimulation of effector CTLs

1. (Work is performed in a biosafety / tissue culture hood). Transfer day 6 OT-I CTL cell suspensions
to 15 or 50 ml Falcon tubes. Pellet by centrifugation at room temperature (400 g / 5 min).

2. Resuspend cells in fresh IMDM and count using haemocytometer or cell counter. Adjust cell

concentration to 1 x 10%/ ml.



3. Add Brefeldin A (see Note 6) to cells, at a final concentration of 2.5 ug / ml, to prevent release of
cytokines.

4. Stimulate 5 x 10° OT-I CTL in 48 well or 24 well plates with a titration of OVA;s7.2¢4 and variant
peptides, typically 10-fold dilutions from 10— 101° M, for 4 hours in a cell culture incubator (37°C /
5% CO,) (see Note 7). For both wild-type and Ptpn227 cells, additional control samples should be

left unstimulated (see Note 8).

3.3 Cell staining and flow cytometry analysis

1. Transfer 5 x 10° control and stimulated OT-1 CTLs (see 3.2) to flow cytometry tubes (see Note 9)
and wash in PBS-0.5% BSA. Pellet cells by centrifugation at 4°C.

2. Prepare master-mix of fluorophore-conjugated antibodies for self-surface antigens and live/dead
dye by diluting in chilled PBS-0.5% BSA. Prepare 100 pl of antibody master-mix per sample plus an
additional 100-200 pl, to ensure sufficient volume for all samples. Antibody dilutions are typically in
the region of 1:100-1:1000, but should be titrated for each antibody/fluorophore.

3. To enable compensation to be set on the flow cytometer or during data analysis, additional
control samples should be stained as single-colour controls for each antibody-fluorophore
combination. For this purpose, resuspend cells in 100 pl of PBS-BSA containing one antibody-
conjugate or live/dead dye diluted to same concentration as for the master-mix (see step 2). A
further essential control is an unstained sample whilst the use of isotype control antibodies and
fluorescence minus one (FMO) stained controls should be considered.

4. Stain experimental cell samples and controls in 100 pl / tube for 20 minutes at 4°C in the dark.

5. Wash cells by adding 1-2 ml PBS per tube. Pellet samples by centrifugation at 4°C (400 g / 5 min).
6. Fix and permeabilise samples using manufacturer’s instructions for kit of choice. If using the
eBioscience FoxP3 staining kit, fix and permeabilize samples in 50 pl of fix/perm buffer for 20
minutes at 4°C, followed by washing in 1 ml chilled permeabilization buffer and pelleting by
centrifugation at 4°C (400 g / 5 min).

7. Prepare master-mix of fluorophore-conjugated antibodies for intracellular antigens (e.g.
cytokines) by diluting in chilled permeabilization buffer. Prepare 50 pl of antibody master-mix per
sample plus an additional 100 pl, to ensure sufficient volume for all samples. As described above,
antibody dilutions should be titrated for each antibody/fluorophore and single-colour controls
should be prepared (See Step 3).

8. Stain experimental cell samples and controls in 50 pl / tube for 30 minutes at 4°C in the dark (See

Note 10).



9. Wash cells by adding 1-2 ml permeabilization buffer per tube. Pellet samples by centrifugation at
4°C (400 g / 5 min).

10. Resuspend cells in 350 pl PBS-0.5% BSA. If clumps or debris are present, cell suspensions should
be run through a 40 um cell strainer prior to analysis to prevent blocking cytometer tubing.

11. Using single-colour control and unstained samples, set compensation on flow cytometer. Analyze

the experimental cell suspensions and collect at least 10 live cell events / sample.

3.4 Culture of ID8 ovarian carcinoma cells

1. (Work is performed in a biosafety / tissue culture hood). Upon receipt of frozen vials of ID8-OVA-
fLuc cells (see Note 11), defrost by quickly warming in the hands and transfer cell suspension to a 15
ml Falcon.

2. Wash cells by adding 10 ml pre-warmed (37°C) complete RPMI-1640 (Note 3). Pellet by
centrifugation at room temperature (400 g / 5 min).

3. Resuspend cells in 2 ml fresh RPMI-1640 and count using haemocytometer or cell counter. Adjust
cell concentration to 1 x 108/ ml.

4. Transfer 5 x 10° or 1 x 10°cells to a T75 or T150 flask, respectively. Add RPMI-1640 to flasks in
sufficient volume to cover the surface area of the flask bottom.

5. Growth of ID8 cells should be checked daily. Once adherent ID8 cells reach 70-80% confluency,
remove RPMI-1640 using a vacuum pump or pipettor. Wash remaining RPMI-1640 from flask and
remove non-adherent, dead cells by adding 10 ml pre-warmed sterile PBS and remove using a
pipettor.

6. Detach adherent cells by adding 0.5 ml or 1 ml Trypsin-0.05% EDTA per T75 or T150 flask,
respectively. Incubate for up to 5 minutes at 37°C, checking halfway through to determine if cells
have begun to detach. Add 10 ml RPMI-1640, mix thoroughly use a pipettor to ensure all cells are
resuspended, and transfer to 15 ml Falcon tube.

7. Pellet by centrifugation at room temperature (400 g / 5 min).

8. If continued propagation of cells is required, repeat steps 3-7. If cells are required for in vivo
experiments, re-suspend in sterile PBS and count using haemocytometer or cell counter. Repeat
wash step using sterile PBS and pellet by centrifugation.

9. Prepare cells for injection by re-suspending at 5 x 10’ / ml in sterile PBS and retain on ice.

3.5 In vivo ID8 cancer model

Key steps in the in vivo ID8 cancer model are illustrated in Figure 2. [Fig. 2 near here]



1. In the animal facility, inject 100 pl of ID8 cell suspension intraperitoneally to recipient female
C57BL/6 mice (5 x 10° cells / mouse) (see Note 12).

2. At least 7 days after ID8 cell injection, tumor burden should be assessed in mice by injecting
luciferin intraperitoneally and performing intravital imaging under general anaesthetic (see Note
13). Mice are assigned to experimental groups, ensuring that all groups have similar average and
ranges of tumour burden, as determined by analysis of luciferase activity, prior to treatment.

3. For preparation of wild-type and Ptpn227- OT-I CTLs for adoptive T cell transfer, follow steps 3.1 1-
10.

4. Inject wild-type or Ptpn227- OT-I CTLs intravenously to recipient mice (see Note 14). A third
control group should receive a mock adoptive cell transfer (PBS alone).

5. The impact of OT-I cell adoptive cell transfer on tumor growth is assessed by repeated luciferin
injection and intravital imaging of luciferase activity at multiple timepoints post injection (see Note
15).

6. At experimental endpoints, mice are sacrificed. Ex vivo analysis (e.g. flow cytometric analysis) of
transferred OT-I T cell population present in peritoneal washes can be performed if required (see

Note 16).



4 - Notes

1. The use of human IL-2 is recommended, however recombinant mouse IL-2 is a suitable
replacement. Concentrations of mouse IL-2 to be used in cell culture must be titrated by individual
researchers.

2. Our control and Ptpn227- OT-l mouse lines have been backcrossed to a Rag1”- background. This
ensures that development of B cells and non-TCR transgenic T cells is blocked. As a consequence,
OT-I T cells represent >90% of all cells in lymph nodes, but are less pure in spleens due to high
proportions of myeloid cells. It is anticipated that the described cell culture and activation conditions
will also be applicable or can be easily adapted to OT-I mouse strains on a Rag1-sufficient
background.

3. The use of IMDM for culture of OT-I T cells is recommended, however alternative media
preparations such as RPMI-1640 may serve as an alternative. ID8 cells will grow well in most
common media preparations including IMDM, RPMI-1640 and DMEM. Of note, irrespective of media
choice, it is essential to include 2-mercaptoethanol in culture to sustain primary T cell proliferation,
but not ID8 cells.

4. Control OT-I CTLs grown under the described culture conditions expand exponentially between
days 2-6. Large cell clumps will be visible by eye during this time and are a normal feature of highly
proliferative T cells in culture. Researchers should expect at least 10-fold expansion between days 2
and 4. IMDM may “turn yellow” due to rapid OT-I cell proliferation, nutrient consumption and
lactate secretion; transfer cells promptly to fresh medium and IL-2 when this happens. When cell
clumps begin to fall apart, this is a sign that nutrients and / or IL-2 are running low. Ideally,
researchers should check OT-I cell cultures daily to ensure that growth is optimal.

5. The protocol given here generates highly inflammatory effector CTLs that have potent anti-tumor
responses but are relatively short-lived in vivo [8]. To generate longer-lived, memory phenotype
CTLs, researchers should include soluble anti-CD28 antibody (1 ug / ml) during days 0-2 of culture,
and replace human IL-2 with recombinant mouse IL-15 during days 4-6 of the culture period.

6. For intracellular cytokine staining, the use of Brefeldin A is recommended but the use of other
protein transport inhibitors may also be applicable (e.g. monensin / golgi-stop).

7. Itis strongly recommended that, for CTL re-stimulation experiments, researchers test recall
responses to several different ovalbumin peptides of varying affinity for the OT-I TCR (e.g. SIINFEKL
(high affinity), SHTFEKL (intermediate affinity), SHGFEKL (low affinity) [12]) at a number of different
concentrations. Our studies have shown that Ptpn227- OT-I CTLs have enhanced capacity to secrete

cytokines in responses to low affinity but not high affinity antigens, as compared to Ptpn22*/*
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controls [6]. The use of several ovalbumin variant peptides therefore maximises the opportunity to
distinguish differences between wild-type and Ptpn227- OT-I CTL responses.

8. An alternative to intracellular cytokine staining is analysis of secreted cytokines by supernatant
ELISA or multiplex reagents. In this case, OT-I CTL cultures are set up as described without the
addition of Brefeldin A, supernatant collected at 24h and stored at -20°C / -70°C before ELISAs are
performed.

9. The use of flow cytometry sample tubes has been suggested, however all staining steps can also
be performed in 96 well V-bottom or U-bottom plates, with corresponding adjustment of antibody
mix and washing buffer volumes.

10. Staining times of 20 minutes for surface markers and 30 minutes for intracellular markers have
been found to be suitable and convenient for the basic cell surface marker panel and specific
cytokines described here, but optimal staining times may vary for other markers. Of note, a recent
methods paper has evaluated the efficacy of overnight staining and the use of lower antibody
concentrations for flow cytometry analysis of intracellular proteins in particular [14]. The impact of
reduced antibody concentrations and longer staining times should be determined for each antibody.
11. We have described culture conditions and the in vivo use of ID8 cells expressing ovalbumin and
firefly luciferase (ID8-OVA-fLuc), generated in our lab [7]. Variants of this cell line that express
ovalbumin variants of varying affinity for the OT-I TCR are available and are useful for testing OT-I T
cell responses to lower affinity tumor-associated antigens (described in References [7, 8]). All
methods described here are applicable for the use of those ID8 variant cell lines. Investigators
should allow approximately 7 days for expansion of ID8 cells in vitro before commencing injections
and in vivo tumor models

12. In order to replicate the sex-specific hormonal environment, female C57BL/6 mice should be
used exclusively as recipients for the in vivo ovarian cancer models. We recommend the use of 5 x
10° ID8 cells to establish reproducible tumors in mice, but researchers may wish to perform pilot
studies with a titration of cancer cell numbers (e.g. 0.1-1 x 10”). Numbers of mice required to detect
reproducible statistically significant differences in tumor luminescence between experimental
groups should be determined by the use of pilot studies and power calculations e.g. using the NC3Rs

Experimental Design Assistant (https://eda.nc3rs.org.uk/experimental-design-group) or similar. The

researcher performing cell injections and intravital imaging should be “blinded” as to which group
receives the various treatments.
13. When using C57BL/6 mice as ID8 tumor cell-recipients, we recommend shaving the abdomen

prior to, and in order improve the quality of, intravital imaging.
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14. For efficient clearance / control of established ID8 tumours, numbers of OT-I T cells transferred
should be between 0.5 -1 x 107 cells / mouse.

15. The ID8 tumor model is relatively slow growing with mice typically surviving until ~day 100 post
tumor cell injection [15]. At late stages of disease, mice will present with bloody, malignant ascites in
the peritoneal cavity and should be humanely culled. The presence of ascites is likely to impact upon
accurate detection of luciferase activity in the abdomen/peritoneal cavity. Variants of the ID8 line in
which tumor suppressor genes have been deleted (e.g. Tp53, Brca2) have also been reported [16].
Deletion of tumor suppressor genes typically results in more aggressive and rapid in vivo tumor
growth.

16. To enable identification and ex vivo analysis of OT-I T cells at experimental endpoints, the use of
congenic mouse strains is recommended. Our control (Ptpn22**) OT-I mouse strain expresses the
CD45.1 allelic variant and therefore, T cells can be distinguished in adoptive cell transfer
experiments on the basis of CD45.1 (donor) and CD45.2 (host) expression. For the same reasons, in
some experiments, we have generated and used CD45.1/CD45.2 heterozygous Ptpn227-OT-I T cells
[7]. Alternative approaches include the use of C57BL/6-Ubc-GFP transgenic mice, that have
ubiquitous expression of GFP, as hosts [7]. In the absence of available transgenic or congenic mouse
strains, the OT-I TCR can be identified using TCR Va2 and V5 antibodies, although a proportion of

endogenous, host T cells will express the same TCR chains.
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Protocol steps
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Notes 2-4 l
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Note 5

Figure 1. Overview of protocol steps for in vitro generation of effector OT-I CTLs. ACT —adoptive T

cell transfer. Figure was created in Biorender.com.

Timeline and
protocol description

Day 0: Single cell

suspension of naive

OT-I T cells

Day 0-2: Activation in
vitro in complete
IMDM with SIINFEKL
peptide

Day 2-6: Population
expansion and CTL
differentiation with IL-2

Day 6: Effector CTL for
in vitro analysis or ACT
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Timeline and
Protocol steps protocol description

Day -7 to d0: Culture

I?:l'g{;;334.181 “ and expansion of ID8-
' = OVA-fLuc cell line

, Day 0: Inject ID8 cells
3.4.9,3.5.1 ip to female C57BL/6
Note 12 mice

Day 7 and onwards: Measure
3.9.2,3.5.5 tumor burdens by non-invasive
Notes 13, 15 analysis of luciferase activity
a'@% l

Day 7 or later: Inject
effector OT-I CTLs iv to

‘e’e
353354 |
Note 14 M tumor-bearing animals

. — ® Experimental endpoint:

Note 16 Ex vivo analysis of

Ga transferred OT-I T cells

Figure 2. Overview of key protocol steps for assessment of in vivo OT-I CTL anti-tumor activity using

ID8-OVA-fLuc ovarian carcinoma model. Figure was created in Biorender.com.
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