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Presenter
Presentation Notes
Adoptive cell therapy (ACT) is a highly personalized cancer therapy that involves administration to the cancer-bearing host of immune cells with direct anticancer activity. In 1960s ACT used transfer of syngeneic lymphocytes from rodents heavily immunized against the tumor, and modest
growth inhibition of small established tumors was observed. 
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Presentation Notes
The resected melanoma specimen is digested into a single-cell suspension or divided into multiple tumor fragments that are individually grown in IL-2. Lymphocytes overgrow, destroy tumors within 2 to 3 weeks, and generate pure cultures of lymphocytes that can be tested for reactivity in coculture assays. Individual cultures are then rapidly expanded in the presence of excess irradiated feeder lymphocytes, OKT3, and IL-2. By approximately 5 to 6 weeks after resecting the tumor, up to 10 high 11 lymphocytes can be obtained for infusion into patients.


Lymphodepletion prior to T cell transfer is followed
by iImmune reconstitution
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Presentation Notes
In early preclinical studies, the importance of host inhibitory factors was suggested by findings that lymphodepletion using either chemotherapy or radiation before cell transfer enhanced the ability of transferred lymphocytes to treat established tumors

A substantial increase in cell persistence and the incidence and duration of clinical responses is observed when patients received a lymphodepleting preparative regimen before the cell infusion. The most frequently used lymphodepleting preparative regimen consists of 60 mg/kg
cyclophosphamide given for 2 days and 25 mg/m2 fludarabine administered over 5 days, followed by T cells and IL-2 administration.


Table 1. Selected clinical trials of ACT for the treatment of human cancer. CLL, chronic lymphocytic leukemia; ALL, acute lymphocytic leukemia;
CR, complete response; HPC, human papillomavirus; allo-HSCT, allogeneic hematopoietic stemn cell transplantation; DLBCL, diffuse large B cell
lymphoma; EBV, Epstein-Barr virus. Dashes indicate not applicable.

CELLS USED FOR ACT YEAR CANCER HISTOLOGY  MOLECULAR TARGET PATIENTS NUMBER OF ORS COMMENTS
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*Molecular targets of TIL in melanoma appear to be exomic mutations expressed by the cancer (39, 40, 44)
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Adoptive cell therapy using autologous TILs is the most effective approach to induce complete durable regressions in patients with metastatic
Melanoma.


A “blueprint” for the treatment of patients with T
cells recognizing tumor-specific mutations
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The sequences of exomic DNA from tumor cells and normal cells from the same patient are compared to identify tumor specific mutations. Knowledge of these mutations can then be used to synthesize either minigenes or polypeptides encoding each mutated amino acid flanked by 10 to 12 amino acids. These peptides or minigenes can be expressed by a patient’s autologous APCs, where they are processed and presented in the context of a patient’s MHC. Coculture of the patient’s T cells with these APCs can be used to identify all mutations processed and presented in the context of all of a patient’s MHC class I and class II molecules. The identification of individual mutations responsible for tumor recognition is possible because T cells express activation markers, such as 41BB (CD8+ T cells) and OX40 (CD4+ T cells), when they recognize their cognate target antigen. T cells expressing the activation marker can then by purified using flow cytometry before their expansion and reinfusion into
the tumor-bearing patient.


Gene-modification of peripheral blood lymphocytes
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In an attempt to broaden the reach of ACT to other cancers, techniques are being developed to introduce antitumor receptors into normal T cells that could be used for therapy. The top panel shows the insertion of a conventional TCR into a patient’s T lymphocytes, followed by the expansion and infusion back into the patient. The bottom panel shows the insertion of a CAR into a patient’s T cell, followed by the expansion of these cells and their re-infusion. TCRs and CARs are fundamentally different in their structures and in the structures that they recognize. TCRs are composed of one a chain and one b chain, and they recognize antigens that have been processed and presented by one of the patient’s own MHC molecules. CARs are artificial receptors that can be constructed by linking the variable regions of the antibody heavy and light chains to intracellular signaling chains (such as CD3-zeta, CD28, 41BB) alone or in combination with other signaling moieties. CARs recognize antigens that do not need to be MHC-restricted, but they must be presented on the tumor cell surface.


Autoimmune adverse events in ACT clinical trials
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Presentation Notes
Adoptive T-cell therapy can target and kill widespread malignant cells thereby inducing durable clinical responses in melanoma and selected other malignances. However, many commonly targeted tumor antigens are also expressed by healthy tissues, and T cells do not distinguish between benign and malignant tissues if both express the target antigen. Autoimmune toxicity from T cell–mediated destruction of normal tissue has limited the development and adoption of this otherwise promising type of cancer therapy.
Skin rash at various time points after treatment of a melanoma patient with T cells engineered to express a TCR with high affinity for MART1. 
Anterior chamber of the eye cellular infiltrate in a melanoma patient 2 weeks after treatment with T cells engineered to express a TCR
with high affinity for MART1 (left). Asymptomatic posterior synechiae of the eye 6 months after treatment of the same patient (right). 
(c) Immunohistochemical analysis of CD8 expression in a liver biopsy obtained 4 days after treatment of a renal cell carcinoma patient with T cells transduced with a CAR specific for carbonic anhydrase IX. CD8 T cells line the basal side of (arrowheads) and infiltrate (arrow) the bile duct epithelium. L, liver parenchyma; P, portal triangle; B, bile duct.
 (d) Colonoscopy images from a colon cancer patient at various time points after administration of T cells engineered to express a TCR specific for carcinoembryonic antigen (CEA). Transient severe colitis is evident. 
(e) Magnetic resonance imaging of the brain of a melanoma patient at various time points after injection of T cells expressing a receptor that recognizes MAGEA3 but is cross-reactive with MAGEA12 . Images show progressive white matter changes consistent with leukomalacia.


Scenarios in which TCRs and CARs can recognize
and cross-react with untargeted antigens
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(a–d) TCRs recognize target-antigen peptides bound to MHC molecules. The ideal target of T cells for ACT is a peptide-MHC complex that is expressed uniquely by tumor cells and is not expressed by healthy tissue (a). Healthy tissue may express distinct antigens that contain peptide epitopes identical to the one recognized by the engineered T cells (e.g., some CTA family members, such as MAGE) (b). Healthy tissue may express distinct antigens that contain peptide epitopes that are different in sequence from that of the intended target peptide, but sufficiently similar in structure to bind to the same MHC molecule and be recognized by the TCR on the engineered T cells (c). Healthy tissue may express complexes of different MHC molecules with peptides from nontarget antigens that are cross-recognized by the engineered TCR (d). 
(e–g) CARs directly engage intact target antigens, rather than antigen-derived peptides bound to MHC molecules. An ideal CAR for ACT specifically recognizes a single epitope that is unique to a tumor-restricted antigen (e). Nontarget antigens expressed by healthy tissues may contain epitopes identical to the intended CAR target and therefore be recognized by the CAR-expressing T cells (f). Antibody specificity for an epitope can be imperfect, permitting structurally similar (but different in sequence) epitopes present on nontarget antigens to be cross-recognized by a CAR targeting a tumor-specific antigen (g).


Differences in the pharmacokinetics and mechanisms of
action between cytotoxic chemotherapy and ACT therapies
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Patient-to-patient variation in drug levels (orange line) is small for chemotherapeutics. Drug exposure (the area under the curve) is predictable and, in the case of toxicity, can be terminated by stopping drug dosing (each dose is indicated by an arrowhead). The difference in sensitivity between healthy tissue and tumors creates a therapeutic window (gray shaded area) between the minimum effective dose (MED) (the dose at which tumor regression occurs) and the maximum tolerated dose (MTD) (the dose at which intolerable toxicities occur) of the drug. 
In ACT pharmacokinetics fluctuate substantially (blue shaded area). Given this variability, it is not clear that the MTD from one cohort of patients can be broadly applied to others. A therapeutic window (pink shaded area) in which durable regression of high-tumor-burden disease occurs without debilitating autoimmunity has thus far not been identified for any cellular therapy directed against antigens expressed by tumors and essential healthy tissues
Targeting an antigen that is not expressed by healthy tissue opens the therapeutic window (gray shaded area, by increasing the MTD) for ACT because direct cytotoxicity to normal tissues does not occur, even at high doses of cells.


T cells may target healthy tissues more efficiently
than they target tumors, independent of the relative
abundance of target antigen on each tissue
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This phenomenon may preclude identification of a therapeutic window based on enhanced sensitivity of tumor compared to healthy tissue to T cell–mediated killing. Because high-avidity T cells have exquisite sensitivity for their target antigens and can recognize even single complexes of target peptide-MHC, healthy tissues expressing even small quantities of antigen but possessing intact antigen-processing and presentation machinery might be highly vulnerable to T cell–mediated killing (left panel). Once initiated, such T-cell killing can be amplified by the proliferation of T cells and by the mutual activation of T cells and antigen-presenting cells. Despite expressing potentially large quantities of target antigen, tumors are prone to genomic instability, defects in antigen processing and presentation (e.g., defects in transporter associated with antigen-processing function (TAP), proteasomal subunits, β-2 microglobulin and MHC molecules) (right panel). As a result, they may not present target antigen to engineered T cells. Tumors may be further protected by their production of cell surface and soluble molecules that inhibit T-cell activation.


Table 1 Distribution in healthy tissue of antigens previously ranked highly by NCI as candidate ACT target antigens

Antigen MNCI priority rank  Gene Healthy tissue expression that may cause major morbidity?

WT1 1 Wr1 Kidney, hematopoietic cells27,62-64

MUC1 2 MUCl1 Lung, liver, pancreas, esophagus, stomach, small bowel, colon, rectum, kidney, bone marrow, lymph node,
peripheral nerve, skin, parathyroid gland, adrenal gland25.27.66

ERBBZ 6 ERBBZ Heart, lung, esophagus, stomach, small bowel, colon, rectum, kidney, urinary bladder26.27

MAGEA3 8 MAGEA3 NoneZ27.91

p53 g TP53 Bone marrow, spleen, stomach, esophagus, small bowel, colon, rectum, skin26.27,59

NY-ESO-1 10 CTAGIE NoneZ7.91

PSMA 11 FOLH1 Brain, kidney, liver, spinal cord, nervous tissue, skin28.27.92

GD2 12 N/A Brain, connective tissue from colon and kidney, skin, peripheral nerve, posterior pituitary’2.74.93.24

CEA 13 CEACAMS5 Bone marrow, liver, lung, esophagus, stomach, small bowel, colon, rectum25-27

MART1 14 MLANA Melanocytes including skin, eye, earl®.26

gpl00 16 PMEL Melanocytes including skin, eye, earl®

Proteinase 3 (PR1) 18 PRTN3 Hematopoietic stem cells27.95

Tyrosinase 20 TYR Melanocytes including skin, eye, ear26.56

Survivin 21 BIRCS Bone marrow, esophagus, stomach, small bowel, colon, rectum, heart, urinary bladder2®.27,97

PSA 22 KLK3 Pancreas, salivary gland®&.%9

hTERT 23 TERT Hematopoietic cells, lymphocytes, skin, intestine100-104

EphA2 25 EPHAZ Skeletal muscle, liver, colon, lung, esophagus2?.105

Missues that might be associated with tolerable toxicities, such as reproductive organs, were not included.
MN/A, not applicable; NCI, National Cancer Institute.
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there continues to be strong support for targeting antigens that are expressed on healthy tissues as well as tumors. A National Cancer Institute pilot project gathered experts in the field in July 2007 (recommendations published in August 2009) to prioritize tumor antigens as therapeutic targets for cancer vaccines and T-cell therapy. Antigens were ranked using nine weighted criteria with specificity the fourth priority. The distribution of healthy tissue expression of 17 of the 25 top-ranked antigens, excluding those not encoded by normal human genes (such as mutated gene products and viral antigens, which by definition are not expressed by normal tissues), is displayed in Table 1.


TECHNICAL REPORTS
medicine

Transgenic mice with a diverse human T cell antigen
receptor repertoire

Liang-Ping Lil->4, J Christoph Lampert'->4, Xiaojing Chen!-2, Catarina Leitao'-2, Jelena Popovi¢!-?,
Werner Miiller’ & Thomas Blankenstein !>

12.05.2015 Adoptive Immunotherapy Page 11


Presenter
Presentation Notes
Because of tolerance mechanisms, it has been hard to identify the T cell receptors (TCRs) of high-avidity T cells against self (for example, tumor) antigens. TCRs that are specific for foreign human antigens from the nontolerant T cell repertoire can be identified in mice. Moreover, if mice are constructed to express the human TCR repertoire, they can be used to analyze the unskewed repertoire against human self antigens. Here we generated transgenic mice with the entire human TCRab gene loci (1.1 and 0.7 Mb), whose T cells express a diverse human TCR repertoire that compensates for mouse TCR deficiency. A human major histocompatibility class I transgene increases the generation of CD8+ T cells with human compared to mouse TCRs. Functional CD8+ T cells against several human tumor antigens were induced, and those against the Melan-A melanoma antigen used similar TCRs to those that have been detected in T cell clones from individuals with autoimmune vitiligo or melanoma. These mice will allow researchers to identify pathogenic and therapeutic human TCRs.
It has been shown that the mouse TCRαβ evolved for binding to MHC proteins, but similar analysis of the human TCR has not been possible. Even
though it is known that TCRαβ and TCRγδ T cells develop in the thymus from a common precursor, and either T cell subset can drive differentiation of the other lineage, the intricate relationship that controls lineage choice is incompletely understood.
CD8+ T cell responses against some TAAs, such as Melan-A/MART-1, can occur at high frequency in individuals with melanoma or autoimmune
vitiligo. In contrast, high-avidity T cells specific for TAAs are usually clonally deleted. However, the TCRs used by such T cells might be the most effective for use in TCR gene therapy to treat cancer. Mice with a human TCR repertoire might allow the identification of high-affinity TCRs from the nontolerant repertoire against those human peptide antigens that differ between mice and humans, with the additional advantage that the human TCRs are not immunogenic in humans.


Generation of mice transgenic
for the human TCRa and TCR[3 gene loci
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(a,b) Schematic diagram of construction of YACs containing the genomic region of the TCRα (yHuTRA) (a) and TCRβ (yHuTRB) (b) loci by homologous recombination of YACs containing partial gene loci on overlapping fragments in yeast cells. The TCR regions contained in the YACs and estimated size of inserts (not drawn to scale) are indicated. Note the further modification after recombination of YACs with pBII-LysUraCen (pLUC) and pBCL-PGKneo- A/B vectors.
(c,d) PCR analysis of yHuTRA- (c) and yHuTRB- (d) transgenic mice with a set of TCR-specific primers. V, variable gene; D, diversity gene; J, joining gene; C, constant gene; CE, constant exon; Enh, TCR enhancer; TRD, TCRδ locus; YACL, YAC left arm sequence; Neo, neomycin gene; W1 and Dad, sequences 3′ of the TRA enhancer; M, DNA size marker. The red boxes in yHuTRB indicate deletion of Vβ5.1 and Vβ6.1 during homologous recombination of YACs.


Mating strategy

Hu TCRa locus—transgenic (hTRATQ) hu TCR[B- transgenic (hTRB-TQ) x
X Mu TCRa-deficient (Tcra—/-) Mu TCRa—deficient (Tcra—/-)
hTRA-Tg Tcra—/- X hTRB-Tg Tcrb—/-

|

hTRA-Tg, hTRB-Tg Tcra—/-;Tcrb—/- (ABab) X HHDII
(human TCRs and mouse MHC |) (mouse TCRs
l and single

human MHC I)

ABabDII (ABab HHDII)
(human TCRs and single
human MHC | gene)
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T cell development in human TCRaf3 gene loci
transgenic mice with a diverse TCR repertoire.

* human TCRaf chains can compensate for mouse TCRaf deficiency
» T cells with human TCRs were positively selected by mouse MHC molecules
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(a,b) Thymocytes (a) and blood cells (b) from the indicated mice at 1–2 months of age were stained with antibodies specific for CD3, CD4 and CD8 and analyzed by flow cytometry. (a) Top, CD3+ cells in the living thymocyte population; middle, CD4 and CD8 single-positive and double-positive cells gated on the thymocyte population; bottom, CD4 and CD8 single-positive and double-positive cells gated on the CD3+ cell population. Percentage of positive cells is indicated. Data are representative of six analyzed mice per group. (b) Top, CD3+ cells in the living lymphocyte population; bottom, CD4+ and CD8+ cells gated on the living CD3+ cell population. (c) Spleen cells of an ABabDII mouse and human peripheral blood lymphocytes were analyzed for Vβ expression on CD4+ and CD8+ T cells. Each staining contained three different antibodies specific for individual Vβ chains, as indicated above the diagrams. Shown are the Vβ+ cells within the CD4+ and CD8+ cell population. Percentages of Vβ+ cells are indicated on the diagrams. PE, phycoerythrin. (d) RT-PCR analysis of spleen cells of an ABabDII
mouse with 5′ Vα primers (specific for TRAV genes as indicated) and a 3′ C-region primer. Data in c and d are representative of two experiments.


CD8+ T cells in ABabDII mice are functional and use similar
TCRs as human CD8+ T cells against an immunogenic antigen
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Table 1 Similar Melan-A-specific TCR usage in ABabDIl mice and
T cell clones from individuals with vitiligo and melanoma

Source of TCR AV CDR32 Al

ABabDIl 10 12-2 CAvV NICFCENVL HCG 35
Melanoma 12-2 CAV NIGFGNVL HCG 35
Melanoma 12-2 CAV SIGFGNVL HCG 35
Vitiligo 12-2 CAV TIGFCGNVL HCG 35
Vitiligo 12-2 CAV SREFCGNVL HCG 35
ABabDIl 21 12-2 CAvV NDAGKS TFG 27

Vitiligo 12-2 CAV GACKS TFG 27

ABabDll 26 12-2 CAV NDSEAGSYOL TFG 28
Melanoma 12-2 CAvV PDQEAGSYQL TFG 28
Source of TCR BV CDR32 EJ

ABabDIl 2 27 CASS FLEDTQ YFG 2-3
Melanoma 27 CASS SLEDTQ YFG 2-3
Melanoma 27 CAS SLENEQ FFG 2-1
Melanoma 27 CAS SLEVATGEL FFG 2-2
ABabDIl 29 3-1 CASS P LAGYTEEL FFG 2-2
ABabDIl 22 28 CASSQ PCLACYEQ YFG 2-7
Vitiligo 3-1 CASS PCLAYYEQ YFG 2-7
Vitiligo 15 CATSR APCLAVTDTO YFG 2-3
Melanoma 4-2 CASSQ ECGLAGASQ YFG 2-7
ABabDIl 37 3-1 CASSQ ETSEVNEQL FFG 2-1
Melanoma 27 CASS MTSY NEQ FFG 2-1

CDR3 amino acid alignment of TRAV and TRBV genes isolated from the ELA-AZ2
tetramer* fraction (all clones are shown in Supplementary Table 2) and ELA-specific
human T cell clones from individuals with vitiligo or melanomal*-12, AV, TCRx variable
gene; BY, TCRp variable gene; AJ, TCRo joining gene; BJ, TCRP joining gene.
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Specific CD8+ T cell responses against a panel of
human TAAs in ABabDII mice
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Mice were immunized with the indicated human TAAs (pooled splenocytes and LN cells)
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Mice were immunized with the indicated human TAAs. Seven
to eleven days later, pooled spleen and lymph node cells were stimulated in vitro with specific (top; the position of the first amino acid in the peptide
is indicated by the subscript) or nonspecific (bottom) peptides and analyzed for expression of CD3, CD8 and intracellular IFN-γ. Shown are CD8+ and
IFN-γ+ cells within the CD3+ cell population (percentages indicated by numbers). In parentheses, the percentage of CD8+ and IFN-γ+ T cells within the
CD8+ T cell population is given. Shown is one representative out of at least three experiments per experimental group. Unspecific peptides were NY-BR-1
960-968, STEAP 262-270. YMD 369-378 and Melan-A 26-35 (ELA). These peptides used for in vitro stimulation were always different from the
peptide used for immunization. 9V in the gp100 peptide indicates an amino acid exchange.


Summary

« Here we generated transgenic mice with the entire human TCRab
gene loci (1.1 and 0.7 Mb), whose T cells express a diverse human
TCR repertoire that compensates for mouse TCR deficiency.

« A human major histocompatibility class | transgene increases the
generation of CD8+ T cells with human compared to mouse TCRs.

* Functional CD8+ T cells against several human tumor antigens were
Induced, and those against the Melan-A melanoma antigen used
similar TCRs to those that have been detected in T cell clones from
Individuals with autoimmune vitiligo or melanoma.

e These mice will allow researchers to identify pathogenic and
therapeutic human TCRs.
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Presentation Notes
Identifying T-cell receptors (TCRs) that bind tumor-associated antigens (TAAs) with optimal affinity is a key bottleneck in the development of adoptive T-cell therapy of cancer. TAAs are unmutated self proteins, and T cells bearing high-affinity TCRs specific for such antigens are commonly deleted in the thymus. To identify optimal-affinity TCRs, we generated antigen-negative humanized mice with a diverse human TCR repertoire restricted to the human leukocyte antigen (HLA) A*02:01 .These mice were immunized with human TAAs, for which they are not tolerant, allowing induction of CD8+ T cells with optimal-affinity TCRs. 
It has been reported that expression of the human B-cell receptor in mouse B cells results in inefficient downstream signaling and poor B-cell differentiation after antigen encounter. ABabDII mice express the human TCR constant region, but whether murine T cells in these mice are inefficiently activated is not clear.
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Generation of MAGE-A1l-specific TCRs in ABabDIl mice
d

ETG BTG MAGE-A1, cancer/testis antigens, are expressed in a variety of

HUMan —ALAETS YVKVLEYVIKVSARVR FFFPSLREA— tumors, but, with the exception of testis and placenta, have not been
Mouse —AFAETSKMKVLQFFASINKTHPRAYPEKYAE— detected in healthy adult tissues.

* O wwWwE Hddk ¥

Immunized multiple times with peptide and CpG oligonucleotides in incomplete Freund’s adjuvant, that
received a boost around 300 days later, gated on CD3+ cells

b C d

Naive Immunized ® Multimer” TCR-a TCR-B
T B Multimer | | | | 11367 TRAV5-CAESIGSNSGYALNF-TRAJ41
; £ B, B TRBV28-CASRGLAGYEQYF-TRBJ2-7

i o o
5 S L LT Ti405 TRAVI3-1-CAARPNSGNTPLVF-TRAJ29
8 TRBV29-1-CSVEQDTNTGELFF-TRBJ2-2

o] —

a) 3 T1705 TRAV12-3-CAMSDTGNQFYF-TRAJ49

© © 500 bp s - TRBV13-CASSFRGGGANVLTF—TRBJ2-6

MAGE-A1/ TREBV28 —»
HLA-AZ multimer

e f g

—e- LB373 6.000 - W T1367
Untransduced T1367 —— LB265 = ’ m T1405
807 - MZ2MEL43 S 4,0004 @ T1705
S = O Mock
2 (M+/H+), = 5090 BT
p bty p 40+ (M=/H+), L
i = 0
D 2 (M+/H-). W O M~ M M~ © O O
m@ 8 204 § 78298 509
a . - = =
O Raaegt - L‘% T — UEJ — E % ;
MAGE-A1/ R N o T3
HLA-A2 multimer 0 H—i=rt=ry = S
8 4 2 1 05 MAGE-A1 - + - + + +
Effector/target HLA-A2 + - + + + +

12.05.2015 Adoptive Immunotherapy Page 20


Presenter
Presentation Notes
(a) The HLA-A2-restricted epitope MAGE-A1278 differs in six out of nine amino acids from its murine homolog. Epitopes are underlined. (b) Clonal T-cell expansion with uniform TRBV-staining in ABabDII mice (n = 3) after repetitive boosting (gated on CD3+ cells).
(c) Unbiased 5′RACE RT-PCR for rearranged TCR-α/β genes of sorted multimer+/CD8+ T cells from b confirms monoclonal T-cell expansion. 
(d) Three different TCRs (T1367, T1405 and T1705) were isolated from three individual mice. 
(e) Human T cells transduced with T1367-encoding retroviruses bind the MAGE-A1278-HLA-A2 multimer, shown by flow cytometric plot. One representative example out of five different donors is shown (gated on CD3).
(f) MAGE-A1+ and HLA-A2+-specific cytotoxicity of T1367-transduced T cells against melanoma cells: LB373 (MAGE-A1+/HLA-A2+), LB265
(MAGE-A1−/HLA-A2+), MZ2MEL.43 (MAGE-A1+/HLA-A2−). 1 × 103 target cells were used. Effector-to-target ratios were calculated based on the number of CD8+ and multimer+ T cells. Graphs represent averages of duplicate cultures ± s.d. One example out of two different donors is shown.
(g) IFNγ production of T1367-transduced T cells upon stimulation with human cancer cells for 16 h. 


Specificity of ABabDII derived TCRs
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(a) MAGE-A1 or MAGE-A12 were amplified by PCR in a cDNA library derived from 48 healthy adult human tissue samples. GAPDH was used as a control. (b) T2 cells were loaded with 114 different HLA-A2-restricted self-peptides at 10−5 M and co-cultured with T1367-transduced T cells. Two donors are shown. (c) The two peptides with the highest similarity to MAGE-A1278 within the human genome (MAGE-B5 and MAGE-B16) were loaded onto T2 cells and co-cultured with TCR-transduced T cells. Underlined: amino acid differences to MAGE-A1278.  (d) T1367-transduced T cells were co-cultured with B-LCLs expressing different HLA allotypes (e) Individual amino acids from MAGE-A1278 were sequentially replaced by alanine. Peptides were loaded onto T2 cells at two different concentrations and IFNγ production by T1367-transduced T cells was measured. IFNγ production in response to the unmodified peptide was set to 100% (underlined: T1367 recognition motif). (f) Recognition of potential human HLA-A2-restricted peptides containing the T1367 recognition motif, xxxEYxIKx (Supplementary Table 3), by T1367-transduced T cells was tested as in c and e. Peptide concentration: 10−5 M. (g) IFNγ production of T1367-transduced T cells from three donors in response to stimulation with either MAGE-A1278 or SAMD9 peptide-loaded T2 cells. (h) Recognition of endogenously expressed samd9 by T1367 was tested by coculture of human HLA-A2+ T cells as targets with T1367-transduced T cells from three different donors (effector cells). MAGE-A1278-loaded T cells were used as a positive control. Graphs in b, c, d, f and h represent averages of duplicate cultures ± s.d.


Functional comparison of ABabDIl-derived TCRs with
a human-derived TCR in vitro and in vivo
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* HLA-A2+ MC703 fibrosarcoma cells, from an HLA-A2 (HHD) transgenic mouse and transduced to express MAGE-Al
» HHDxRag-/- mice
* HHD-derived CD8+ T cells, transduced with either T1367 or hT27) TCRs.
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(a) T2 cells were loaded with different amounts of MAGE-A1278 peptide and cytotoxicity was measured by 51Cr release assay after 4 h of
co-culture with TCR-transduced T cells. Similar data were obtained for a second donor (effector to target was 40:1, no correction for transduction efficiency). Untr, untransduced. (b) TCR-transduced T cells were co-cultured with MAGE-A1278- loaded T2 cells and IFNγ production was measured after 16 h by ELISA. One representative example out of two donors is shown. (c) Data shown in b normalized to maximum IFNγ release. (d,e) MAGE-A1-transduced MC703 fibrosarcoma were grown for >30 days in HHD×Rag−/− mice to large tumors and treated with 1 × 106 HHD T cells
that were transduced with T1367 (d), hT27 (e) or an irrelevant TCR (irr., dashed line). Experiments shown in d and e were performed in parallel using the same controls. Mean tumor sizes of T1367- and hT27-treated animals were compared on day 14 (P < 0.05, Welch’s t-test). Mean tumor size at time of treatment: 579 mm3 ± 301 mm3, n = 5 (T1367) and 492 mm3 ± 227 mm3, n = 6 (hT27). Similar data were obtained for T1405 and in a second experiment. (f) The numbers of antigen-specific CD8+ T cells were measured in the peripheral blood of animals treated as in d and e at days 7 and 15 after adoptive T-cell transfer. Horizontal lines indicate mean values (n.s., not significant (P = 0.16), *P < 0.05, Welch’s t-test). Graphs in a and b represent averages of intra-assay duplicates ± s.d.
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(a) PBMCs from a human donor were transduced with the ABabDII-derived TCR-ESO or the human-derived TCR 1G4 and stained with a NY-ESO157-HLA-A2-specific multimer, shown by flow cytometric plot. Gated on CD3+ cells.
(b) T2 cells were pulsed with increasing amounts of NY-ESO157 native peptide and co-cultured with TCR-transduced T cells. 
(c) IFNγ production by TCR-transduced T cells after co-culture with different tumor cell lines (SK.Mel37: HLA-A2+/NY-ESO+, SK.Mel29.MiG: HLA-A2+/NY-ESO−, SK.Mel29.MiG.NY-ESO: HLA-A2+/NY-ESO+, Mel324: HLA-A2+/NY-ESO−, Mel295: HLA-A2+/NY-ESO+). 


Summary

« ABabDII mice mice were immunized with human TAAs, for which they are not
tolerant, allowing induction of CD8+ T cells with optimal-affinity TCRs.

 They isolate TCRs specific for the cancer/testis (CT) antigen MAGE-A1 and show
that two of them have an anti-tumor effect in vivo.

By comparison, human-derived TCRs have lower affinity and do not mediate
substantial therapeutic effects.

« They also identify optimal-affinity TCRs specific for the CT antigen NY-ESO.
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Cancers often relapse after adoptive therapy, even though specific T cells kill cells from the same cancer efficiently in vitro. While cellular effectors or drugs at optimal concentrations can eradicate all sensitive cancer cells, relapse may still occur because of the outgrowth of variants. Cancer cells
show extremely high genetic instability, and cancers always contain variants that are resistant to destruction by a particular drug or T cell. However, factors responsible for T cell elimination of variants have not been determined.


The affinities of target peptides and MHC class |

Selected several peptides that, when targeted, caused tumor eradication and others that
caused relapse.

To reduce the influence of differences between cancers, we used two cancer cell lines that
were both transduced to express the different peptides.

To reduce differences due to expression levels, we used the same design of triple peptides
fused to fluorescent proteins. Proteasomal cleavage of proteins may not generate or
destroy immunogenic peptides.

To minimize differences in proteasomal cleavage of the fusion proteins, we designed
peptide triplets separated by “Ala-Ala-Tyr” cleavage sites.

Targeted antigens with no known oncogenic activity to reduce the possibility that the
nature of a particular targeted antigen prevented the cancer from escaping.

To exclude the influence of other T cells helping or regulating the relevant CD8+ T cells, T
cell receptor (TCR)-transgenic T cells with a single specificity were adoptively transferred
into hosts, which were TCR-transgenic for an irrelevant target.

Single adoptive T cell transfer regimen was used without providing any additional
stimulation.
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All transduced cancer cell lines that express antigens

at high levels were effectively killed in vitro
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(A) Diagram of fusion proteins constructed to express antigen in MC57 cancer cells. Triple repeats of peptide and alanine-alanine-tyrosine (AAY)
proteasomal cleavage sites were fused to fluorescent proteins: OVA257, SIY, mouse tyrosinase369-377(Tyr369), mouse or human gp10025-33 (mgp10025and hgp10025, respectively), and EGP; a Cerulean fusion gene was generated only for SIY.
(B) Flow cytometric analysis of peptide-EGFP fusion proteins expressed by the transduced MC57 fibrosarcoma lines.
(C) MC57-mgp100/SIY expressed mgp10025 and SIY antigens as EGFP and Cerulean fusion proteins, respectively. The HLA-A2/Db chimeric protein
HHD was cotransduced with the Tyr369-EGFP fusion protein to generate MC57-TyrHHD. Parental MC57 (gray) was analyzed for comparison.
(D) Cytolysis of MC57 target cells overexpressing SIY, mgp10025, hgp10025, EGP, or Tyr369 and HHD (Tyr) by 2C, pmel, AFH (Tyr-negative), or FH (Tyrpositive) T cells in a 4.5 hr 51Cr release assay. Cancer cells expressing noncognate peptide were used as negative controls. These data are compiled of three experiments and are representative for seven independent experiments.


Targeting SIY, OVA257, or Tyr369 eradicated large tumors
while targeting mgp10025, hgp10025, or EGP caused initial
tumor regression but was followed by relapse
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(A) Cancer cell lines formed progressively growing tumors within 1 week. TCR-transgenic mice with irrelevant specificity were challenged subcutaneously with 23 106 cancer cells. MC57-SIY, MC57- mgp100, MC57-mgp100/SIY, MC57-hgp100, and MC57-EGP were injected into OT-I mice; MC57- OVA grew in 2C mice and MC57-TyrHHD grew in AOTA (Tyr-deficient, nonself) and OTA (Tyr-positive, self). Graphs represent single mice in 11 experiments,
(B) At least 2 weeks after cancer cell injection, when tumors reached about 500 mm3, each mouse was treated once with cognate T cells (treatment between days 13 and 26, depending on tumor size, as indicated by the horizontal bars. MC57- TyrHHD was grown in OTA (self) and treated with FH T cells (self). 


Outgrowth of antigen-loss variants after pmel T Cell
treatment of cancer cells expressing hgpl10025 but not of
cancers expressing mgpl10025 or EGP
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Cancer cells of relapsed tumors expressing mgp10025, EGP (both gray), or hgp10025 (black) were isolated after pmel T cell treatment, adapted to culture, and analyzed for peptide-EGFP fusion gene expression (left panels). MC57 cells (white histogram) cultured in vitro and MC57-mgp100, MC57-EGP (both gray), or MC57-hgp100 (black) cells isolated from nontreated mice (right panels) were analyzed as controls. Isolated lines from mgp100- or hgp100- expressing tumors are representative for four lines each and the isolate from the EGP-expressing tumor is representative for two lines; all lines were isolated after relapse (respective tumors were marked with an asterisk in Figure 2B).


~ T cells transferred to treat the tumors expressing the
different peptides showed the same phenotype
of activated T Cells

TCR transgenic splenocytes
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T cells of 2C, AFH, and pmel TCR-transgenic mice were tested for their activation status in ‘‘naive,’’ untreated mice (splenocytes) at day 3 after peptide activation in vitro and on day 4 after adoptive transfer (tumor infiltrating cells). Cells were analyzed by flow cytometry for expression of
CD44 and CD62L and gated on CD8+ T cells expressing the cognate Vb-chain: Vb8 for 2C, Vb11 for AFH, and Vb13 for pmel. Data are representative for two or three independent experiments for the data in vivo and in vitro, respectively.


Table 1. Abbreviations, Conditions, and Summary of Results for Key Experiments

Target Peptide on Cancer Cells Hosts T Cells
Affinity of Peptide Relationship of Relationship of Tumor

Designation = Sequence MHC for MHC (ICs; [nM])®  Designation  Antigen to Recipient Designation Antigen to Donor Rejection

Sy SIYRYYGL Kb 1.1 OT-l nonself 2C nonself 5/50cd.e
none 0/6°

OVAs57_564 SIINFEKL 0.9 2C nonself OT-l nonself 4/47
none 0/4f

Tyrsse-arz FMDGTMSQV A2 4.29 OTA self FH self 6/7"
none 0/5"

hgp1005 33 KVPRNQDWL' D° 186 OT-I nonself pmel nonself 1/8°
none 0/2

EGP EGPRNQDWL 454 OT-l nonself pmel nonself 1/6°
none 0/5

mgp100:5 3 EGSRNQDWL 22,975 OT-| self pmel self 1/12°
none 0/6

See Table S1 for details.

?Csp values represent the geometric mean of five or more experiments.

°p = 0.002.

°p < 0.005.

9p = 0.015.

®p < 0.001.

'p < 0.029.

9A higher IC 5, value of 65 nM was published for this peptide earlier (Colella et al., 2000). The differences in affinity measurements likely arose as aresult
of small differences in reagents, methodology, and procedures.

"p = 0.015.

'Only the underlined amino acids differ between the three gp100 peptide variants.
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Only SIY and Tyr369 are cross- presented, as detected
by cytokine secretion by T cells stimulated by stromal
cells isolated from untreated tumors

Enriched stromal cells from tumors
grown from MC57-SlY, MC57-
hgp100, and MC57-mgp100 cells
(@l grown in OT-I mice) and
MC57-TyrHHD (grown in AOTA
mice [nonself]) were cocultured
with 2C, pmel, AFH (nonself), or
FH (self) TCR-transgenic T cells.
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CD11b+ stromal cells were isolated from established untreated tumors and were cocultured with peptide-activated T cells. Enriched stromal cells
from tumors grown from MC57-SIY, MC57- hgp100, and MC57-mgp100 cells (all grown in OT-I mice) and MC57-TyrHHD (grown in AOTA mice [nonself]) were cocultured with 2C, pmel, AFH (nonself), or FH (self) TCR-transgenic T cells. Stromal cells from the various tumors were compared to cultured cancer cells expressing the same antigen. Supernatants were harvested after 24 hr of coculture and amounts of IFN-g and TNF-a measured by ELISA. Data are shown as percent of maximal cytokine secretion (anti-CD3 and anti-CD28 antibody stimulation, defined as 100%). For TNF-a, cytokine secretion by stromal cells without T cells was subtracted to obtain specific TNF-a secretion by T cells (443–975 pg/ml
by 1 3 105 cells cultured in 200 ml for 24 hr, depending on experiment). Unstimulated T cells served as negative control (below 0.7% for all responders,


Death of stromal cells in T cell-treated SIY- and
Tyr369-expressing tumors

Tumors were dissected on day 5 after adoptive T cell transfer, analyzed the viability
of CD11b+ stromal cells.
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Presentation Notes
MC57-SIY, MC57-TyrHHD, MC57-hgp100, and MC57-mgp100 tumors were treated with 2C, AFH (nonself) or pmel T cells, respectively. Five days after adoptive transfer, single cell suspensions were generated from treated and untreated tumors and analyzed by flow cytometry. Histograms show CD11b+ T cells stained with propidium iodide (PI) to identify cell death. Numbers indicate the percentage of dead cells among CD11b+ cells. 


Summary

 Tumor eradication by T cells required high affinities of the targeted peptides
for MHC class I.

« Affinities of at least 10 nM were required for relapse-free regression.

« Only high-affinity peptide-MHC interactions led to efficient cross-
presentation of antigen, thereby stimulating cognate T cells to secrete
cytokines.
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