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NOVEL CD4+ TUMOR INFILTRATING LYMPHOCYTES FOR THE TREATMENT
OF CANCER

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of US Provisional Application No. 63/401,517, filed on
August 26, 2022 and US Provisional Application No. 63/430,810, filed on December 7, 2022,

application which are incorporated herein by reference in their entireties.

STATEMENT OF GOVERNMENT SUPPORT
This invention was made with government support under Grant Nos. CA250320, CA178083,
and CA076292 awarded by the National Institutes of Health. The government has certain rights

in the invention.

REFERENCE TO SEQUENCE LISTING
A Sequence Listing conforming to the rules of WIPO Standard ST.26 is hereby incorporated by
reference. Said Sequence Listing has been filed as an electronic document via PatentCenter in
ASCII format encoded as XML. The electronic document, created on August 29, 2023, is
entitled “10110-295WO1.xml”, and is 28,672 bytes in size.

L BACKGROUND

1. Immunotherapy for cancer has long been focused on the generation of CD8+
cytotoxic T lymphocyte responses, independent of their dynamic CD4+ T cell counterpart. One
promising approach, adoptive cell transfer (ACT) of tumor-infiltrating lymphocytes (TIL), has
vielded response rates ranging from 28-55%. Although lasting and complete responses have
been achieved, there is substantial opportunity for improvement. What are needed are new
CD4+ T cell-based immunotherapies.

II. SUMMARY

2. Disclosed are CD4+ T cells engineered to comprise a novel T cell receptor and
methods of their use.

3. In one aspect, disclosed herein are engineered CD4+ T cells comprising a T cell
receptor (TCR) alpha (TCRa) chain comprising a complimentary determining region (CDR) 3
(CDR3) as set forth in SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID NO: 17, SEQ ID NO: 23, SEQ
ID NO:29, SEQ ID NO: 35, or SEQ ID NO: 41 (such as, for example, a TCRo. CDR3 encoded

by the nucleic acid as set forth in SEQ ID NO: 2, SEQ ID NO: 12, SEQ ID NO: 18, SEQ ID
—1—
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NO: 24, SEQ ID NO: 30, SEQ ID NO: 36, or SEQ ID NO: 42, respectively) or the TCRa
encoded by the nucleic acid as set forth in SEQ ID NO: 5, SEQ ID NO: 15, SEQ ID NO: 21,
SEQ ID NO: 27, SEQ ID NO: 33, SEQ ID NO: 39, or SEQ ID NO: 45; and/or a T cell receptor
(TCR) beta (TCRB)chain comprising a complimentary determining region (CDR) 3 (CDR3) as
set forth in SEQ ID NO: 3, SEQ ID NO: 13, SEQ ID NO: 19, SEQ ID NO: 25, SEQ ID NO: 31,
SEQ ID NO: 37, or SEQ ID NO: 43 (such as, for example, a TCRB CDR3 encoded by the
nucleic acid as set forth in SEQ ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 26,
SEQ ID NO: 32, SEQ ID NO: 38, or SEQ ID NO: 44, respectively) or the TCR[} encoded by
the nucleic acid as set forth in SEQ ID NO: 6, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID NO:
28, SEQ ID NO: 34, SEQ ID NO: 40, or SEQ ID NO: 46.

4. Also disclosed herein are methods of treating, inhibiting, reducing, decreasing,
ameliorating, and/or preventing a cancer and/or metastasis in a subject comprising administering
to the subject one or more of the engineered CD4+ T cells of any preceding aspect. For
example, disclosed herein are methods treating, inhibiting, reducing, decreasing, ameliorating,
and/or preventing a cancer and/or metastasis in a subject comprising administering to the subject
an adoptive cell therapy comprising one or more engineered CD4+ T cells (including, but not
limited to one or more engineered CD4+ T cell comprising a T cell receptor (TCR) alpha
(TCRa) chain comprising a complimentary determining region (CDR) 3 (CDR3) as set forth in
SEQID NO: 1, SEQ ID NO: 11, SEQ ID NO: 17, SEQ ID NO: 23, SEQ ID NO:29, SEQ ID
NO: 35, or SEQ ID NO: 41 (such as, for example, a TCRa CDR3 encoded by the nucleic acid as
set forth in SEQ ID NO: 2, SEQ ID NO: 12, SEQ ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 30,
SEQ ID NO: 36, or SEQ ID NO: 42, respectively) or the TCRa encoded by the nucleic acid as
set forth in SEQ ID NO: 5, SEQ ID NO: 15, SEQ 1D NO: 21, SEQ 1D NO: 27, SEQ ID NO: 33,
SEQ ID NO: 39, or SEQ ID NO: 45; and/or a T cell receptor (TCR) beta (TCRB)chain
comprising a complimentary determining region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 3,
SEQID NO: 13, SEQID NO: 19, SEQ ID NO: 25, SEQ ID NO: 31, SEQ ID NO: 37, or SEQ
ID NO: 43 (such as, for example, a TCR3 CDR3 encoded by the nucleic acid as set forth in SEQ
ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38,
or SEQ ID NO: 44, respectively) or the TCRP encoded by the nucleic acid as set forth in SEQ
ID NO: 6, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID NO: 28, SEQ ID NO: 34, SEQ ID NO: 40,
or SEQ ID NO: 46.

5. In one aspect, disclosed herein are disclosed herein are methods of treating,
inhibiting, reducing, decreasing, ameliorating, and/or preventing a cancer and/or melastasis of

any preceding aspect, wherein the CD4+ T cells are obtained from tumor infiltrating
N, B
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lymphocytes (T1Ls), marrow infiltrating lymphocytes (MILs), memory CD4+ T cells, Thl
CD4+ T cells, Th17 CD4+ T cells, Th2 CD4+ T cells, and regulatory CD4+ T cells (Tregs).

6. Also disclosed herein are disclosed herein are methods of treating, inhibiting,
reducing, decreasing, ameliorating, and/or preventing a cancer and/or metastasis of any
preceding aspect, wherein at least 80% of the cells transferred are CD4+ T cells.

7. In one aspect, disclosed herein are disclosed herein are methods of treating,
inhibiting, reducing, decreasing, ameliorating, and/or preventing a cancer and/or metastasis of
any preceding aspect, wherein the engineered CD4+ T cells are cultured in the presence of
autologous tumor prior to administration to the subject.

III.  BRIEF DESCRIPTION OF THE DRAWINGS

8. The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate several embodiments and together with the description illustrate the
disclosed compositions and methods.

9. Figure 1 shows a schematic of adoptive cell therapy with tumor infiltrating
lymphocytes (TILs).

10. Figures 2A and 2B show that CD4" TILs persist in vivo. Figure 2A shows CT scans
of lung metastases from complete responder (CR) infused with predominantly CD4+ TIL.
Figure 2B shows persistence measured by TCRp overlap between CD4+ and CD8+ TIL and
weekly PBMC repertoire.

11. Figures 3A, 3B, and 3C show that CD8" TILS fail to recognize tumors. Figure 3A
shows infusion product TILs were co-cultured with tumor followed by detection of released
IFNg by ELISA. Figures 3B and 3C show that CD8+ TIL were isolated and co-cultured with
HLA matched tumor +/- MHC Class I blocking antibody (W6/32). Tumor recognition was
evaluated by IFNg release via ELISA and upregulation of cell surface activation markers by
flow cytometry.

12. Figures 4A, 4B, 4C, and 4D show polyfunctional neoantigen-specific CD4+ TILs
detected via immunogenic analysis. Figure 4A shows mutant 25mers were predicted for MHC
binding from whole exome sequencing. Figures 4B, 4C, and 4D show that TIL were stimulated
with peptides loaded on dendritic cells (DC) and assessed for increased cell surface expression
of 0X40 and 41BB by flow cytometry and effector molecule production by ELLA.

13. Figures 5A, 5B, 5C, and 5D show Clonal tracing demonstrates i» vifro enrichment
and in vivo persistence. Figure 5SA shows neoantigen-specific TIL were sorted on OX40/41BB

expression (+/+ vs. -/-) in response to peptide. Figures 5B, 5C, and 5D show sorted and
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expanded (REP) TIL populations were sequenced at the TCRJ locus and tracked from infusion
product across weekly patient peripheral blood samples for clonal persistence.

14. Figure 6 shows that MSGV1 TCR Transgenic T cells specifically recognized mutant
S100A112°?R peptide in the context of MHC Class IT on B cells.

15. Figures 7A, 7B, 7C, 7D, 7E, 7F, 7G, 7H, and &I show CD4" TIL exhibit effector
response upon neoantigen peptide recognition. Figure 7A shows treatment course of ACT for
Patient 1, accompanied by CT images of target lesions (red circles) before and after therapy.
D=day (relative to TIL infusion), Sx=surgery, CT=computerized tomography scan, TL=target
lesion. Figure 7B shows measurement of the longest diameter of each target lesion (upper) and
sum of target lesions (lower) during patient follow-up window. Red dotted line indicates a -30%
change from the baseline sum. Figure 7C shows all neoantigen peptides (n=65) were prioritized
by additive score (AS). Blue arrow indicates peptide 60 (P60). See Methods for detailed
explanation. ES=expression score, MHC-II=mhc2_score, MHC-I=mhcl_score, AS=additive
score. Figure 7D shows bulk TIL were co-cultured with DC loaded with the neoantigen peptide
pool (PP) or no peptide (NP), then stained for cell sorting by OX40 and 4-1BB induction. Figure
7E shows sort co-culture supernatants were assayed for TIL production of granzyme B (GZMB),
IFNg, and TNFa via the Ella system. Figure 7F shows TIL were validated for individual
neoantigen peptide recognition by flow cytometric evaluation of OX40 and 4-1BB expression
(upper) and IFNg release (lower) in co-culture supernatants. Figure 7G shows nriched CD4" TIL
were assayed for effector molecule secretion in response to stimulation with P60 or no
stimulation (TIL). Figure 7H shows utant (P60MVT=P60) and wildtype (P60VT) versions of P60
were loaded onto APCs and utilized to stimulate enriched CD4" TIL. IFNg release was
quantified in co-culture supernatants. Figure 71 shows that following co-culture of enriched TIL
with P60 or NP, CD4" TIL were stained for flow cytometric analysis of the indicated cell surface
and intracellular molecules.

16. Figure 8A shows bulk infusion product (left) or CD8-enriched (right) TIL from
Patient 1 were cultured alone (TIL Only), with autologous tumor (AT), with HL A-matched
tumor (HLA MT), or with anti-CD3 antibody (clone OKT3). IFNg production was measured by
ELISA. Mean + SD.

17. Figure 8B shows CD8-enriched from Patient 1 were co-cultured overnight as in (A),
then stained with antibodies for PD-1 and 4-1BB and analyzed by flow cytometry. The MHC
Class I blocking antibody (W6/32) was utilized where indicated.
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18. Figure 9A shows DNA and RNA were extracted from tumor blocks from Patient 1
and sequenced at the SI00A11 locus. Nucleic acid conversion is represented by the color change
from red (T) to blue (C) resulting in the Q22R nonsynonymous mutation.

19. Figure 9B shows MHC Class II expression in tumor from Patient 1 by RNA
sequencing. Fragments per kilobase of exon per million mapped fragments (FPKM).

20. Figures 10A, 10B, 10C, and 10D show CD4" TIL demonstrate cytotoxic potential
restricted by TCR-HLA-DR interaction. Fgiure 10A shows enriched CD4" TIL were co-cultured
in the indicated conditions and cell culture supernatants were analyzed for granzyme B, IFNg,
and TNFa production. Figure 10B shows live cell imaging of TIL (unlabeled) and target cells
(green) loaded with WT or mutated (Q22R) S100A11 peptide co-cultured at indicated
effector:target (E:T) ratios for six hours. Still image acquired at four-hour time point with 10:1
E.T. Cleaved caspase 3/7 (red) induction was monitored via imaging at regular 30-minute
intervals and quantified for target cell count (bottom right) and overlap ol target cells and
cleaved caspase 3/7 (bottom left). Unl=Unloaded targets. Figures 10C and 10D show TCR-T or
UT peripheral blood lymphocytes (PBL) were co-cultured with B cells loaded with STO0AT11
peptides and blocking antibodies. Effector molecule production was quantified in cell co-culture
supernatants (10C) and cell surface 0X40 and 4-1BB expression was evaluated by flow
cytometry (10D).

21. Figure 11A shows overlapping custom peptides 12 to 16 amino acids in length
spanning the SI00A11%R 25mer were synthesized and utilized to stimulate TIL from Patient 1.
IFNg secretion and OX40 fold change in median fluorescence intensity (MFI) over control were
quantified and mapped to the corresponding peptides.

22. Figure 11B shows time lapse of the live cell imaging assay reported in Figure 10B.
TIL (unlabeled) and target cells (green) were loaded with WT or mutated S100A1122R peptide
and co-cultured for six hours at a 10:1 E:T ratio.

23. Figure 11C shows clonal tracking of the top T cell clones in the infusion product and
sorted TIL fractions by TCRb sequencing. The S100A11%®R_specific TIL clone is shaded blue.

24. Figures 12A, 12B, 12C, 12D, 12E, 12F, and 12G show clonal analysis of neoantigen-
specific CD4" TIL indicates persistence and effector profile. Figure 12A showsTCRb
sequencing of the infused TIL product for Patient 1 displayed as relative productive frequency.
Blue slice is the S100A11%®?R_gpecific clone. Figure 12B shows relative productive frequency of
the S100A11%?R_specific clone tracked longitudinally in PBMC samples at the indicated weeks
(W) following TIL infusion. Figure 12C shows uniform manifold approximation and projection

(UMAP) of the S100A11R_specific CD4" TIL clone (left) and the residual CD4" TIL (rCD4)

—5_
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from Patient 1. Cells were colored by clusters. Figure 12D shows relative frequency of the
clusters displayed in Figure 12C. Figure 12E shows scaled average expression of reported genes
associated with neoantigen specificity in S100A11%?R_specific CD4"' TIL and rCD4 TIL.
Hierarchical clustering was performed on the selected genes and cell types. Figure 12F shows
differentially expressed genes (DEG) between the S100A11¥?R_specific CD4" TIL and rCD4
cells, separated by clusters. Figure 12G shows gene set enrichment analysis (GSEA) using DEG
comparing S100A11%?R_gspecific CD4" TIL clone versus rCD4 from Patient 1 across clusters.
Normalized enrichment scores (NES) for pathway analysis were displayed. Hallmark, canonical
pathways (CP) and gene ontogeny (GO) data sets were utilized.

25. Figures 13A, 13B, and 13C show a UMAP from scRNASeq analysis of cell clusters
(13A) and the distribution of patient samples (13B) and TCR expression (13C).

26. Figures 13D, 13E, and 13F. Cell cluster annotation by canonical genes reported in the
literature (13D), differential gene expression (13E), and reported genes of neoantigen-specific
CD4' T cells (13F).

27. Figures 14A, 14B, 14C, 14D, 14E, 14F, 14G, 14H, 141, and 14J show Multiple CD4+
TIL clones display distinct neoantigen reactivity. Figure 14A shows treatment course and CT
images of target lesions (red circles) before and after therapy for Patient 2. D=day (relative to
TIL infusion), Sx=surgery, CT=computerized tomography scan, TL=target lesion. Figure 14B
shows individual (upper) and sum (lower) measurements of target lesions by longest diameter
for Patient 2. Red dotted line indicates a -30% change from the baseline sum. Figure 14C shows
bulk TIL and DC loaded with the neoantigen peptide pool (PP) or no peptide (NP) were co-
cultured followed by surface staining of OX40 and 4-1BB for cell sorting. Figure 14D shows
bulk TIL production of granzyme B (GZMB), 1FNg, and TNFa was analyzed in sort co-culture
supernatants. Figure 14E shows analysis of IFNg release by TIL in response to individual
neoantigen peptides loaded onto APCs. Gray area were below threshold of reactivity. Figure 14F
shows TIL (unlabeled) and neoantigen-loaded target cells (green) were co-cultured for six hours
in a live cell imaging assay to capture cleaved caspase 3/7 (red) induction. Representative image
displayed at four hours of co-culture with 10:1 E:T. Figure 14G shows real-time cell-analysis
(RTCA) of IFNg-pretreated autologous tumor (ATy) following addition of neoantigen-specific
CD4+ TIL. Figure 14H shows APCs were loaded with neoantigen peptides, pre-coated with
HLA-DR or HLA-DP blocking antibodies, and co-cultured with neoantigen-specific CD4+ TIL.
IFNg release was quantified by the Ella system for each condition. Figure 141 shows clonal

tracking by TCRb sequencing of neoantigen-specific CD4+ TIL clones in the infused TIL
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product and PBMC at the indicated weeks (W). Figure 14J show the distribution of sScRNASeq
cell clusters present in neoantigen-specific CD4+ TIL clones, identified by TCRb sequence.

28. Figure 15A shows infusion product bulk TIL from Patient 2 were co-cultured with
AT, HLA-Matched, and HLA-Mismatched tumor. Cell culture supernatants were assessed for
IFNg release by ELISA.

29. Figure 15B shows TILs were enriched by IFNg capture and stimulated with AT or
IFNg pre-conditioned AT (ATg). Cytokine production was determined by intracellular flow
cytometry staining in CD4+ TIL.

30. Figure 15C shows that neoantigen peptides were prioritized by additive score (AS).
Blue arrows and annotation indicate peptides with observed T cell reactivity. ES=expression
score, MHC-II=mhc2 score, MHC-I=mhc1 score, AS=additive score.

31. Figure 15D shows Flow cytometric analysis of live singlets gated on CD3+ T cells in
the bulk infusion product sample and [ollowing cell sorting of TIL that upregulated 4-1BB and
0X40 in response to pooled neoantigen peptides.

32. Figure 15E shows time lapse of the live cell imaging assay reported in Figure 14F.
TIL (unlabeled) and target cells (green) were loaded with WT or mutated TNS1P694S peptide
and co-cultured for six hours at a 10:1 E:T ratio.

33. Figure 15F shows scaled average expression of reported genes associated with
neoantigen specificity in NeoAg CD4+ TIL and nCD4 TIL. Hierarchical clustering was
performed on the selected genes and cell types.

34. Figure 16A shows infusion product bulk TIL from Patient 3 were co-cultured with
AT and HLA-Matched tumor. Cell culture supernatants were assessed for IFNg release by
ELISA.

35. Figure 16B shows neoantigen peptides from Patients 3 (PT3) and 4 (PT4) were
prioritized by additive score (AS). Blue arrows and annotation indicate peptides with observed T
cell reactivity. ES=expression score, MHC-II=mhc2_score, MHC-I=mhc1_score, AS=additive
score.

36. Figure 16C shows CD4 and CDS8 expression of neoantigen-enriched TIL from Patient
3 following cell sorting on 4-1BB and OX40 expression and again after magnetic enrichment of
CD4+ T cells.

37. Figure 16D shows AT from Patient 3 was transduced with the CIITA expression
vector and loaded with the indicated neoantigen peptides. Effector molecule secretion from

CD4+ TIL was quantified via the Ella platform.
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38. Figure 17A, 17B, 17C, 17D, 17E, 17F, 17G, 17H, 171, 17J), and 17K show TIL
product from non-responders contains neoantigen-specific CD4+ T cells. Figures 17A and 17F
show bulk TIL from Patient 3 (17A) and Patient 4 (17F) were co-cultured with autologous DC
loaded with neoantigen peptide pool (PP) or no peptide (NP). OX40 and 4-1BB induction was
analyzed by flow cytometry on the indicated T cell populations. Figures 17B and 17G show
granzyme B (GZMB), IFNg, and TNFa were quantified in co-culture supernatants from Patient
3 (17B) and Patient 4 (17G). Figures 17C and 17H show sorted TIL were validated for
individual neoantigen peptide recognition by IFNg release following co-culture with peptide-
loaded autologous B cells, respectively from Patient 3 (17C) and Patient 4 (17H). Figures 17d
and 171 show neoantigen peptide hits were loaded on autologous B cells, pretreated with the
indicated blocking antibodies, then co-cultured with neoantigen-specific CD4+ TIL to assess
IFNg production from Patient 3 (17D) and Patient 4 (171). Figure 17E shows effector molecule
secretion and OX40 and 4-1BB induction on neoantigen-specific CD4+ TIL (rom Patient 3 were
quantified in response to AT-CIITA loaded with neoantigen peptide hits. Figure 17J shows
clonal frequency of neoantigen-specific CD4+ TIL from Patient 4 in the infused TIL product and
PBMC at the indicated weeks (W) following ACT. Figure 17K shows the frequency of the

scRNASeq cell clusters present within neoantigen-specific CD4+ TIL clones from Patient 4.

IV.  DETAILED DESCRIPTION

39. Before the present compounds, compositions, articles, devices, and/or methods are
disclosed and described, it is to be understood that they are not limited to specific synthetic
methods or specific recombinant biotechnology methods unless otherwise specified, or to
particular reagents unless otherwise specified, as such may, of course, vary. Itis also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting.

A. Definitions

40. As used in the specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a pharmaceutical carrier” includes mixtures of two or more such carriers,
and the like.

41. Ranges can be expressed herein as from “about™ one particular value, and/or to
“about” another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values are

expressed as approximations, by use of the antecedent “about,” it will be understood that the
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particular value forms another embodiment. It will be further understood that the endpoints of
each of the ranges are significant both in relation to the other endpoint, and independently of the
other endpoint. It is also understood that there are a number of values disclosed herein, and that
each value is also herein disclosed as “about™ that particular value in addition to the value itself.
For example, if the value “10” is disclosed, then “about 107 is also disclosed. It is also
understood that when a value is disclosed that “less than or equal to” the value, “greater than or
equal to the value™ and possible ranges between values are also disclosed, as appropriately
understood by the skilled artisan. For example, if the value “107 is disclosed the “less than or
equal to 107as well as “greater than or equal to 10 is also disclosed. It is also understood that
the throughout the application, data is provided in a number of different formats, and that this
data, represents endpoints and starting points, and ranges for any combination of the data points.
For example, if a particular data point “10” and a particular data point 15 are disclosed, it is
understood that greater than, greater than or equal to, less than, less than or equal to, and equal to
10 and 15 are considered disclosed as well as between 10 and 15. It is also understood that each
unit between two particular units are also disclosed. For example, if 10 and 15 are disclosed,
then 11, 12, 13, and 14 are also disclosed.

42. In this specification and in the claims which follow, reference will be made to a
number of terms which shall be defined to have the following meanings:

43. “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said event
or circumstance occurs and instances where it does not.

44. An "increase" can refer to any change that results in a greater amount of a symptom,
disease, composition, condition or activity. An increase can be any individual, median, or
average increase in a condition, symptom, activity, composition in a statistically significant
amount. Thus, the increasecanbeal,2,3,4.5,6,7,8, 9,10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, or 100% increase so long as the increase is statistically significant.

45. A "decrease" can refer to any change that results in a smaller amount of a symptom,
disease, composition, condition, or activity. A substance is also understood to decrease the
genetic output of a gene when the genetic output of the gene product with the substance is less
relative to the output of the gene product without the substance. Also for example, a decrease
can be a change in the symptoms of a disorder such that the symptoms are less than previously
observed. A decrease can be any individual, median, or average decrease in a condition,

svmptom, activity, composition in a statistically significant amount. Thus, the decrease can be a
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1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or
100% decrease so long as the decrease is statistically significant.

46. "Inhibit," "inhibiting," and "inhibition" mean to decrease an activity, response,
condition, disease, or other biological parameter. This can include but is not limited to the
complete ablation of the activity, response, condition, or disease. This may also include, for
example, a 10% reduction in the activity, response, condition, or disease as compared to the
native or control level. Thus, the reduction can be a 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%, or
any amount of reduction in between as compared to native or control levels.

47. By “reduce” or other forms of the word, such as “reducing” or “reduction,” is meant
lowering of an event or characteristic (e.g., tumor growth). It 1s understood that this is typically
in relation to some standard or expected value, in other words it is relative, but that it is not
always necessary for the standard or relative value to be referred to. For example, “reduces
tumor growth” means reducing the rate of growth ol a tumor relative to a standard or a control.

48. By “prevent” or other forms of the word, such as “preventing” or ““prevention,” is
meant to stop a particular event or characteristic, to stabilize or delay the development or
progression of a particular event or characteristic, or to minimize the chances that a particular
event or characteristic will occur. Prevent does not require comparison to a control as it is
typically more absolute than, for example, reduce. As used herein, something could be reduced
but not prevented, but something that is reduced could also be prevented. Likewise, something
could be prevented but not reduced, but something that is prevented could also be reduced. It is
understood that where reduce or prevent are used, unless specifically indicated otherwise, the
use of the other word is also expressly disclosed.

49. The term “subject” refers to any individual who is the target of administration or
treatment. The subject can be a vertebrate, for example, a mammal. In one aspect, the subject
can be human, non-human primate, bovine, equine, porcine, canine, or feline. The subject can
also be a guinea pig, rat, hamster, rabbit, mouse, or mole. Thus, the subject can be a human or
veterinary patient. The term “patient” refers to a subject under the treatment of a clinician, e.g.,
physician.

50. The term “therapeutically effective” refers to the amount of the composition used is
of sufficient quantity to ameliorate one or more causes or symptoms of a disease or disorder.
Such amelioration only requires a reduction or alteration, not necessarily elimination.

51. The term “treatment” refers to the medical management of a patient with the intent to
cure, ameliorate, stabilize, or prevent a disease, pathological condition, or disorder. This term

includes active treatment, that is, treatment directed specifically toward the improvement of a
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disease, pathological condition, or disorder, and also includes causal treatment, that is, treatment
directed toward removal of the cause of the associated disease, pathological condition, or
disorder. In addition, this term includes palliative treatment, that is, treatment designed for the
relief of symptoms rather than the curing of the disease, pathological condition, or disorder;
preventative treatment, that is, treatment directed to minimizing or partially or completely
inhibiting the development of the associated disease, pathological condition, or disorder; and
supportive treatment, that is, treatment employed to supplement another specific therapy
directed toward the improvement of the associated disease, pathological condition, or disorder.

52. "Biocompatible" generally refers to a material and any metabolites or degradation
products thereof that are generally non-toxic to the recipient and do not cause significant adverse
effects to the subject.

53. "Comprising" is intended to mean that the compositions, methods, etc. include the
recited elements, but do not exclude others. "Consisting essentially ol when used to defline
compositions and methods, shall mean including the recited elements, but excluding other
elements of any essential significance to the combination. Thus, a composition consisting
essentially of the elements as defined herein would not exclude trace contaminants from the
isolation and purification method and pharmaceutically acceptable carriers, such as phosphate
buffered saline, preservatives, and the like. "Consisting of" shall mean excluding more than
trace elements of other ingredients and substantial method steps for administering the
compositions provided and/or claimed in this disclosure. Embodiments defined by each of these
transition terms are within the scope of this disclosure.

54. A “control” is an alternative subject or sample used in an experiment for comparison
purposes. A control can be "positive" or "negative."

55. “Effective amount™ of an agent refers to a sufficient amount of an agent to provide a
desired effect. The amount of agent that is “effective” will vary from subject to subject,
depending on many factors such as the age and general condition of the subject, the particular
agent or agents, and the like. Thus, it is not always possible to specify a quantified “effective
amount.” However, an appropriate “effective amount” in any subject case may be determined
by one of ordinary skill in the art using routine experimentation. Also, as used herein, and
unless specifically stated otherwise, an “effective amount™ of an agent can also refer to an
amount covering both therapeutically effective amounts and prophylactically effective amounts.
An “effective amount™ of an agent necessary to achieve a therapeutic effect may vary according
to factors such as the age, sex, and weight of the subject. Dosage regimens can be adjusted to

provide the optimum therapeutic response. For example, several divided doses may be
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administered daily or the dose may be proportionally reduced as indicated by the exigencies of
the therapeutic situation.

56. A "pharmaceutically acceptable” component can refer to a component that is not
biologically or otherwise undesirable, i.¢., the component may be incorporated into a
pharmaceutical formulation provided by the disclosure and administered to a subject as
described herein without causing significant undesirable biological effects or interacting in a
deleterious manner with any of the other components of the formulation in which it is contained.
When used in reference to administration to a human, the term generally implies the component
has met the required standards of toxicological and manufacturing testing or that it is included
on the Inactive Ingredient Guide prepared by the U.S. Food and Drug Administration.

57. "Pharmaceutically acceptable carrier" (sometimes referred to as a “carrier”) means a
carrier or excipient that is useful in preparing a pharmaceutical or therapeutic composition that is
generally sale and non-toxic and includes a carrier that is acceptable [or velerinary and/or human
pharmaceutical or therapeutic use. The terms "carrier" or "pharmaceutically acceptable carrier"
can include, but are not limited to, phosphate buffered saline solution, water, emulsions (such as
an oil/water or water/oil emulsion) and/or various types of wetting agents. As used herein, the
term "carrier" encompasses, but is not limited to, any excipient, diluent, filler, salt, buffer,
stabilizer, solubilizer, lipid, stabilizer, or other material well known in the art for use in
pharmaceutical formulations and as described further herein.

58. “Pharmacologically active” (or simply “active”™), as in a “pharmacologically active”
derivative or analog, can refer to a derivative or analog (e.g., a salt, ester, amide, conjugate,
metabolite, isomer, fragment, etc.) having the same type of pharmacological activity as the
parent compound and approximately equivalent in degree.

59. “Therapeutic agent” refers to any composition that has a beneficial biological effect.
Beneficial biological effects include both therapeutic effects, e.g., treatment of a disorder or
other undesirable physiological condition, and prophylactic effects, e.g., prevention of a disorder
or other undesirable physiological condition (e.g., a non-immunogenic cancer). The terms also
encompass pharmaceutically acceptable, pharmacologically active derivatives of beneficial
agents specifically mentioned herein, including, but not limited to, salts, esters, amides,
proagents, active metabolites, isomers, fragments, analogs, and the like. When the terms
“therapeutic agent™ is used, then, or when a particular agent is specifically identified, it is to be
understood that the term includes the agent per se as well as pharmaceutically acceptable,
pharmacologically active salts, esters, amides, proagents, conjugates, active metabolites,

isomers, fragments, analogs, etc.
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60. “Therapeutically effective amount” or “therapeutically effective dose” of a
composition (e.g. a composition comprising an agent) refers to an amount that is effective to
achieve a desired therapeutic result. In some embodiments, a desired therapeutic result is the
control of type I diabetes. In some embodiments, a desired therapeutic result is the control of
obesity. Therapeutically effective amounts of a given therapeutic agent will typically vary with
respect to factors such as the tyvpe and severity of the disorder or disease being treated and the
age, gender, and weight of the subject. The term can also refer to an amount of a therapeutic
agent, or arate of delivery of a therapeutic agent (e.g., amount over time), effective to facilitate a
desired therapeutic effect, such as pain relief. The precise desired therapeutic effect will vary
according to the condition to be treated, the tolerance of the subject, the agent and/or agent
formulation to be administered (e.g., the potency of the therapeutic agent, the concentration of
agent in the formulation, and the like), and a variety of other factors that are appreciated by
those of ordinary skill in the art. In some instances, a desired biological or medical response is
achieved following administration of multiple dosages of the composition to the subject over a
period of days, weeks, or years.

61. Throughout this application, various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this application in
order to more fully describe the state of the art to which this pertains. The references disclosed
are also individually and specifically incorporated by reference herein for the material contained
in them that is discussed in the sentence in which the reference is relied upon.

B. Compositions

62. Disclosed are the components to be used to prepare the disclosed compositions as
well as the compositions themselves to be used within the methods disclosed herein. These and
other materials are disclosed herein, and it is understood that when combinations, subsets,
interactions, groups, etc. of these materials are disclosed that while specific reference of each
various individual and collective combinations and permutation of these compounds may not be
explicitly disclosed, each is specifically contemplated and described herein. For example, if a
particular CD4+ TCR is disclosed and discussed and a number of modifications that can be
made to a number of molecules including the CD4+ TCR are discussed, specifically
contemplated is each and every combination and permutation of CD4+ TCR and the
modifications that are possible unless specifically indicated to the contrary. Thus, if a class of
molecules A, B, and C are disclosed as well as a class of molecules D, E, and F and an example
of a combination molecule, A-D is disclosed, then even if each is not individually recited each is

individually and collectively contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-
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D, C-E, and C-F are considered disclosed. Likewise, any subset or combination of these is also
disclosed. Thus, for example, the sub-group of A-E, B-F, and C-E would be considered
disclosed. This concept applies to all aspects of this application including, but not limited to,
steps in methods of making and using the disclosed compositions. Thus, if there are a variety of
additional steps that can be performed it is understood that each of these additional steps can be
performed with any specific embodiment or combination of embodiments of the disclosed
methods.

63. Investigation into the role of CD4+ TIL in the adoptive cell transfer (ACT) setting
(Figure 1) remains critically underexplored. CD4+ T cells recognize tumor antigen presented on
MHC Class II either directly on tumor cells or indirectly through antigen presenting cells
(APCs) and are able to elicit potent anti-tumor responses under the appropriate conditions. Here,
we present a case study of a metastatic melanoma patient who received adoptive transfer of a
predominantly (88%) CD4+ TIL product. This palient demonsirated a complete response (CR)
to therapy despite a lack of detection of IFNg in the infusion product in vifro when these TIL
were cocultured with autologous tumor prior to ACT (Figure 3A). Tumor recognition was also
absent when CD8+ TIL were isolated and stimulated directly with HLA matched tumor lines,
indicating a lack of recognition of shared melanoma antigens presented on MHC Class 1 (Figure
3B). Longitudinal analysis of the peripheral blood of this patient confirmed that the infused
CD4+ TIL persisted after therapy for at least six weeks (Figure 2). Whole exome sequencing
(WES) performed on the TIL surgical specimen discovered 88 non-synonymous single
nucleotide variants (SNVs) as candidate neoantigens (Figure 4A). Predicted binding of the
resulting mutant peptides to autologous HLA molecules generated a predominantly MHC Class
1l restricted profile, with 81.8% of variants capable of MHC Class 1l presentation and greater
than half exclusive to MHC Class Il only. CD4+ TIL were screened for tumor antigen
recognition by upregulation of OX40 and 41BB after stimulation with autologous APCs loaded
with mutant peptides (Figure 4B, 4C, and 4D). Nearly half (49.2%) of CD4+ TIL responded to
tumor-derived peptides. These CD4+ TIL were then sorted into tumor-reactive and non-reactive
subsets for further clonal analysis of phenotype and transcriptional profile (scRNASeq) of these
T cells in order to characterize the nature of the CD4+ TIL response to tumor antigen (Figure 5).
Overall, thorough interrogation of this patient’s case study demonstrated evidence of CD4+ TIL
involvement in a complete clinical response after ACT.

64. As shown in Figure 6, TCR-transduced peripheral blood T lymphocytes recognize
the S100A112R mutation in the context of class-II presentation. Peripheral blood T cells were

expanded from a healthy donor, and transduced with a retroviral vector (MSGV 1) encoding an
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S100A11¥%R-specific TCR. Untransduced expanded T cells were used as negative controls.
Upon coculture with autologous B cells pulsed with an S100A11-derived peptide that contain
the Q22R mutation, TCR-transduced T-cells secreted more than 15,000pg/mL of I[FNg. This
secretion was inhibited by addition of an anti-HLA-DR/-DP/-DQ antibody, but not by an anti-
HLA-ABC antibody, confirming that this TCR is HLA Class-II-restricted. Polyclonal
stimulation with anti-CD3/-CD28 antibodies was used as a positive control of T cell activation.

65. In one aspect, disclosed herein are engineered CD4+ T cells (including, but not
limited to the CD4+ T cells obtained from tumor infiltrating lymphocytes (TILs), marrow
infiltrating lymphocytes (MILs), memory CD4+ T cells, Th1 CD4+ T cells, Th17 CD4+ T cells,
Th2 CD4+ T cells, and/or CD4+ T cells (Tregs)) comprising a T cell receptor (TCR) alpha
(TCRa) chain comprising a complimentary determining region (CDR) 3 (CDR3) as set forth in
SEQID NO: 1, SEQ ID NO: 11, SEQ ID NO: 17, SEQ ID NO: 23, SEQ ID NO:29, SEQ ID
NO: 35, or SEQ ID NO: 41 (such as, for example, a TCRo. CDR3 encoded by the nucleic acid as
set forth in SEQ ID NO: 2, SEQ ID NO: 12, SEQ ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 30,
SEQ ID NO: 36, or SEQ ID NO: 42, respectively) or the TCRa encoded by the nucleic acid as
set forth in SEQ ID NO: 5, SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 27, SEQ ID NO: 33,
SEQ ID NO: 39, or SEQ ID NO: 45; and/or a T cell receptor (TCR) beta (TCR)chain
comprising a complimentary determining region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 3,
SEQID NO: 13, SEQ ID NO: 19, SEQ ID NO: 25, SEQ ID NO: 31, SEQ ID NO: 37, or SEQ
ID NO: 43 (such as, for example, a TCRB CDR3 encoded by the nucleic acid as set forth in SEQ
ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38,
or SEQ ID NO: 44, respectively) or the TCRP encoded by the nucleic acid as set forth in SEQ
ID NO: 6, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID NO: 28, SEQ ID NO: 34, SEQ ID NO: 40,
or SEQ ID NO: 46.

1. Homology/identity

66. It is understood that one way to define any known variants and derivatives or those
that might arise, of the disclosed genes and proteins herein is through defining the variants and
derivatives in terms of homology to specific known sequences. For example, SEQ ID NO: 2
sets forth a particular sequence of a complimentary determining region 3 (CDR3) of a T cell
receptor (TCR) alpha (TCRa) and SEQ ID NO: 2 sets forth a particular sequence of the peptide
encoded by SEQ ID NO: 1. Specifically disclosed are variants of these and other genes and
proteins herein disclosed which have at least, 70, 71, 72, 73, 74, 75, 76, 77,78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 percent homology to the stated
sequence. Those of skill in the art readily understand how to determine the homology of two
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proteins or nucleic acids, such as genes. For example, the homology can be calculated after
aligning the two sequences so that the homology is at its highest level

67. Another way of calculating homology can be performed by published algorithms.
Optimal alignment of sequences for comparison may be conducted by the local homology
algorithm of Smith and Waterman Adv. Appl. Math. 2. 482 (1981), by the homology alignment
algorithm of Needleman and Wunsch, J. MoL Biol. 48: 443 (1970), by the search for similarity
method of Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85: 2444 (1988), by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by
mspection.

68. The same types of homology can be obtained for nucleic acids by for example the
algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. Sci.
USA 86:7706-7710, 1989, Jaeger et al. Methods Enzymol. 183:281-306, 1989 which are herein
incorporated by reference for at least material related to nucleic acid alignment.

2. Pharmaceutical carriers/Delivery of pharmaceutical products

69. As described above, the compositions can also be administered i» vivo in a
pharmaceutically acceptable carrier. By "pharmaceutically acceptable" is meant a material that
is not biologically or otherwise undesirable, i.e., the material may be administered to a subject,
along with the nucleic acid or vector, without causing any undesirable biological effects or
interacting in a deleterious manner with any of the other components of the pharmaceutical
composition in which it is contained. The carrier would naturally be selected to minimize any
degradation of the active ingredient and to minimize any adverse side effects in the subject, as
would be well known to one of skill in the art.

70. The compositions may be administered orally, parenterally (e.g., intravenously), by
intramuscular injection, by intraperitoneal injection, transdermally, extracorporeally, topically or
the like, including topical intranasal administration or administration by inhalant. As used
herein, "topical intranasal administration" means delivery of the compositions into the nose and
nasal passages through one or both of the nares and can comprise delivery by a spraying
mechanism or droplet mechanism, or through aerosolization of the nucleic acid or vector.
Administration of the compositions by inhalant can be through the nose or mouth via delivery by
a spraying or droplet mechanism. Delivery can also be directly to any area of the respiratory
svstem (e.g., lungs) via intubation. The exact amount of the compositions required will vary
from subject to subject, depending on the species, age, weight and general condition of the

subject, the severity of the allergic disorder being treated, the particular nucleic acid or vector
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used, its mode of administration and the like. Thus, it is not possible to specify an exact amount
for every composition. However, an appropriate amount can be determined by one of ordinary
skill in the art using only routine experimentation given the teachings herein.

71. Parenteral administration of the composition, if used, is generally characterized by
injection. Injectables can be prepared in conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution of suspension in liquid prior to injection, or as
emulsions. A more recently revised approach for parenteral administration involves use of a
slow release or sustained release system such that a constant dosage is maintained. See, e.g.,
U.S. Patent No. 3,610,795, which is incorporated by reference herein.

72. The materials may be in solution, suspension (for example, incorporated into
microparticles, liposomes, or cells). These may be targeted to a particular cell type via
antibodics, receptors, or receptor ligands. The following references are examples of the use of
this technology to target specilic proteins 1o tumor tissue (Senter, et al., Bioconjugale Chem.,
2:447-451, (1991); Bagshawe, K.D., Br. J. Cancer, 60:275-281, (1989); Bagshawe, et al., Br. J.
Cancer, 58:700-703, (1988); Senter, et al., Bioconjugate Chem., 4:3-9, (1993); Battelli, et al
Cancer Immunol. Immunother., 35:421-425, (1992); Pietersz and McKenzie, Immunolog.
Reviews, 129:57-80, (1992); and Roffler, et al., Biochem. Pharmacol, 42:2062-2065, (1991)).
Vehicles such as "stealth” and other antibody conjugated liposomes (including lipid mediated
drug targeting to colonic carcinoma), receptor mediated targeting of DNA through cell specific
ligands, lymphocyte directed tumor targeting, and highly specific therapeutic retroviral targeting
of murine glioma cells in vivo. The following references are examples of the use of this
technology to target specific proteins to tumor tissue (Hughes et al., Cancer Research, 49:6214-
6220, (1989); and Litzinger and Huang, Biochimica et Biophysica Acta, 1104:179-187, (1992)).
In general, receptors are involved in pathways of endocytosis, either constitutive or ligand
induced. These receptors cluster in clathrin-coated pits, enter the cell via clathrin-coated
vesicles, pass through an acidified endosome in which the receptors are sorted, and then either
recycle to the cell surface, become stored intracellularly, or are degraded in lysosomes. The
internalization pathways serve a variety of functions, such as nutrient uptake, removal of
activated proteins, clearance of macromolecules, opportunistic entry of viruses and toxins,
dissociation and degradation of ligand, and receptor-level regulation. Many receptors follow
more than one intracellular pathway, depending on the cell type, receptor concentration, type of
ligand, ligand valency, and ligand concentration. Molecular and cellular mechanisms of
receptor-mediated endocytosis has been reviewed (Brown and Greene, DNA and Cell Biology

10:6, 399-409 (1991)).
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a) Pharmaceutically Acceptable Carriers

73. The compositions, including antibodies, can be used therapeutically in combination
with a pharmaceutically acceptable carrier.

74. Suitable carriers and their formulations are described in Remington: The Science and
Practice of Pharmacy (19th ed.) ed. A.R. Gennaro, Mack Publishing Company, Easton, PA
1995. Typically, an appropriate amount of a pharmaceutically-acceptable salt is used in the
formulation to render the formulation isotonic. Examples of the pharmaceutically-acceptable
carrier include, but are not limited to, saline, Ringer's solution and dextrose solution. The pH of
the solution is preferably from about 5 to about 8, and more preferably from about 7 to about
7.5. Further carriers include sustained release preparations such as semipermeable matrices of
solid hydrophobic polymers containing the antibody, which matrices are in the form of shaped
articles, e.g., films, liposomes or microparticles. It will be apparent to those persons skilled in
the art that certain carriers may be more prelerable depending upon, [or instance, the route of
administration and concentration of composition being administered.

75. Pharmaceutical carriers are known to those skilled in the art. These most typically
would be standard carriers for administration of drugs to humans, including solutions such as
sterile water, saline, and buffered solutions at physiological pH. The compositions can be
administered intramuscularly or subcutaneously. Other compounds will be administered
according to standard procedures used by those skilled in the art.

76. Pharmaceutical compositions may include carriers, thickeners, diluents, buffers,
preservatives, surface active agents and the like in addition to the molecule of choice.
Pharmaceutical compositions may also include one or more active ingredients such as antimicrobial
agents, antiinflammatory agents, anesthetics, and the like.

77. The pharmaceutical composition may be administered in a number of ways depending
on whether local or systemic treatment is desired, and on the area to be treated. Administration
may be topically (including ophthalmically, vaginally, rectally, intranasally), orally, by inhalation,
or parenterally, for example by intravenous drip, subcutaneous, intraperitoneal or intramuscular
injection. The disclosed antibodies can be administered intravenously, intraperitoneally,
intramuscularly, subcutaneously, intracavity, or transdermally.

78. Preparations for parenteral administration include sterile aqueous or non-aqueous
solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl
oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions,

including saline and buffered media. Parenteral vehicles include sodium chloride solution,
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Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous
vehicles include fluid and nutrient replenishers, electrolyte replenishers (such as those based on
Ringer's dextrose), and the like. Preservatives and other additives may also be present such as,
for example, antimicrobials, anti-oxidants, chelating agents, and inert gases and the like.

79. Formulations for topical administration may include ointments, lotions, creams, gels,
drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers, aqueous,
powder or oily bases, thickeners and the like may be necessary or desirable.

80. Compositions for oral administration include powders or granules, suspensions or
solutions in water or non-aqueous media, capsules, sachets, or tablets. Thickeners, flavorings,
diluents, emulsifiers, dispersing aids or binders may be desirable..

81. Some of the compositions may potentially be administered as a pharmaceutically
acceptable acid- or base- addition salt, formed by reaction with inorganic acids such as
hydrochloric acid, hydrobromic acid, perchloric acid, nitric acid, thiocyanic acid, sulluric acid,
and phosphoric acid, and organic acids such as formic acid, acetic acid, propionic acid, glycolic
acid, lactic acid, pyruvic acid, oxalic acid, malonic acid, succinic acid, maleic acid, and fumaric
acid, or by reaction with an inorganic base such as sodium hydroxide, ammonium hydroxide,
potassium hydroxide, and organic bases such as mono-, di-, trialkyl and aryl amines and
substituted ethanolamines.

b) Therapeutic Uses

82. Effective dosages and schedules for administering the compositions may be
determined empirically, and making such determinations is within the skill in the art. The
dosage ranges for the administration of the compositions are those large enough to produce the
desired effect in which the symptoms of the disorder are effected. The dosage should not be so
large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic reactions,
and the like. Generally, the dosage will vary with the age, condition, sex and extent of the
disease in the patient, route of administration, or whether other drugs are included in the
regimen, and can be determined bv one of skill in the art. The dosage can be adjusted by the
individual physician in the event of any counterindications. Dosage can vary, and can be
administered in one or more dose administrations daily, for one or several days. Guidance can
be found in the literature for appropriate dosages for given classes of pharmaceutical products.
For example, guidance in selecting appropriate doses for antibodies can be found in the literature
on therapeutic uses of antibodies, e.g., Handbook of Monoclonal Antibodies, Ferrone et al., eds.,
Noges Publications, Park Ridge, N.J., (1985) ch. 22 and pp. 303-357; Smith et al., Antibodies in
Human Diagnosis and Therapy, Haber et al., eds., Raven Press, New York (1977) pp. 365-389.
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A typical daily dosage of the antibody used alone might range from about 1 pg/kg to up to 100
mg/kg of body weight or more per day, depending on the factors mentioned above.

C. Methods of using the compositions

1. Method of treating cancer

83. It is understood and herein contemplated that the engineered CD4+ T cells disclosd
herein can be used in the treatment of cancer. According, disclosed herein are methods of
treating, inhibiting, reducing, decreasing, ameliorating, and/or preventing a cancer and/or
metastasis in a subject comprising administering to the subject one or more of the engineered
CD4+ T cells disclosed herein. For example, disclosed herein are methods treating, inhibiting,
reducing, decreasing, ameliorating, and/or preventing a cancer and/or metastasis in a subject
comprising administering to the subject an adoptive cell therapy comprising one or more
engineered CD4+ T cells (including, but not limited to one or more engineered CD4+ T cell
comprising a T cell receptor (TCR) alpha (TCR) chain comprising a complimentary
determining region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID
NO: 17, SEQ ID NO: 23, SEQ ID NO:29, SEQ ID NO: 35, or SEQ ID NO: 41 (such as, for
example, a TCRa CDR3 encoded by the nucleic acid as set forth in SEQ ID NO: 2, SEQ ID NO:
12, SEQ ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 30, SEQ ID NO: 36, or SEQ ID NO: 42,
respectively) or the TCRa encoded by the nucleic acid as set forth in SEQ ID NO: 5, SEQ ID
NO: 15, SEQ ID NO: 21, SEQ ID NO: 27, SEQ ID NO: 33, SEQ ID NO: 39, or SEQ ID NO:
45; and/or a T cell receptor (TCR) beta (TCRP)chain comprising a complimentary determining
region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 3, SEQ ID NO: 13, SEQ ID NO: 19, SEQ
ID NO: 25, SEQ ID NO: 31, SEQ ID NO: 37, or SEQ ID NO: 43 (such as, for example, a TCR]
CDR3 encoded by the nucleic acid as set [orth in SEQ ID NO: 4, SEQ ID NO: 14, SEQ ID NO:
20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38, or SEQ ID NO: 44, respectively) or the
TCRP encoded by the nucleic acid as set forth in SEQ ID NO: 6, SEQ ID NO: 16, SEQ ID NO:
22, SEQ ID NO: 28, SEQ ID NO: 34, SEQ ID NO: 40, or SEQ ID NO: 46. In one aspect, the
CD4+ Cells are obtained from tumor infiltrating lymphocytes (TILs), marrow infilirating
lymphocytes (MILs), memory CD4+ T cells, Thl CD4+ T cells, Th17 CD4+ T cells, Th2 CD4+
T cells, and regulatory CD4+ T cells (Tregs).

84. Also disclosed herein are disclosed herein are methods of treating, inhibiting,
reducing, decreasing, ameliorating, and/or preventing a cancer and/or metastasis, wherein at
least 80% of the cells transferred are CD4+ T cells.

85. It is understood and herein contemplated that the engineered CD4+ T cells can be
cultured with autologous tumor from the recipient subject (i.e., the subject being treated) to
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prime the CD4 T cells prior to administration. Thus, in one aspect, disclosed herein are
disclosed herein are methods of treating, inhibiting, reducing, decreasing, ameliorating, and/or
preventing a cancer and/or metastasis, wherein the engineered CD4+ T cells are cultured in the
presence of autologous tumor prior to administration to the subject. Culture of the CD4+ T cells
in the presence of autologous tumor can occur for any time sufficient to prime the engineered
CD4+ T cells, including, but not limited to 5, 10, 15, 20, 25, 30,, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 130, 140, 150, 160, 170, 180 min, 4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48 hours, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, or 14 days.

86. The disclosed compositions can be used to treat any disease where uncontrolled
cellular proliferation occurs such as cancers. A representative but non-limiting list of cancers
that the disclosed compositions can be used to treat is the following: lymphoma, B cell
lymphoma, T cell lymphoma, my cosis fungoides, Hodgkin’s Disease, myeloid leukemia,
bladder cancer, brain cancer, nervous system cancer, head and neck cancer, squamous cell
carcinoma of head and neck, lung cancers such as small cell lung cancer and non-small cell lung
cancer, neuroblastoma/glioblastoma, ovarian cancer, skin cancer, liver cancer, melanoma,
squamous cell carcinomas of the mouth, throat, larynx, and lung, cervical cancer, cervical
carcinoma, breast cancer, and epithelial cancer, renal cancer, genitourinary cancer, pulmonary
cancer, esophageal carcinoma, head and neck carcinoma, large bowel cancer, hematopoietic
cancers; testicular cancer; colon cancer, rectal cancer, prostatic cancer, or pancreatic cancer.

87. In one aspect, it is understood and herein contemplated that successful treatment of a
cancer in a subject is important and doing so may include the administration of additional
treatments. Thus, the disclosed methods of treating, reducing, inhibiting, decreasing,
ameliorating and/or preventing a cancer and/or metastasis can include or further include any
anti-cancer therapy known in the art including, but not limited to Abemaciclib, Abiraterone
Acetate, Abitrexate (Methotrexate), Abraxane (Paclitaxel Albumin-stabilized Nanoparticle
Formulation), ABVD, ABVE, ABVE-PC, AC, AC-T, Adcetris (Brentuximab Vedotin), ADE,
Ado-Trastuzumab Emtansine, Adriamycin (Doxorubicin Hydrochloride), Afatinib Dimaleate,
Afinitor (Everolimus), Akynzeo (Netupitant and Palonosetron Hydrochloride), Aldara
(Imiquimod), Aldesleukin, Alecensa (Alectinib), Alectinib, Alemtuzumab, Alimta (Pemetrexed
Disodium), Aligopa (Copanlisib Hydrochloride), Alkeran for Injection (Melphalan
Hydrochloride), Alkeran Tablets (Melphalan), Aloxi (Palonosetron Hydrochloride), Alunbrig
(Brigatinib), Ambochlorin (Chlorambucil), Amboclorin Chlorambucil), Amifostine,

Aminolevulinic Acid, Anastrozole, Aprepitant, Aredia (Pamidronate Disodium), Arimidex
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(Anastrozole), Aromasin (Exemestane), Arranon (Nelarabine), Arsenic Trioxide, Arzerra
(Ofatumumab), Asparaginase Erwinia chrysanthemi, Atezolizumab, Avastin (Bevacizumab),
Avelumab, Axitinib, Azacitidine, Bavencio (Avelumab), BEACOPP, Becenum (Carmustine),
Beleodaq (Belinostat), Belinostat, Bendamustine Hydrochloride, BEP, Besponsa (Inotuzumab
Ozogamicin) , Bevacizumab, Bexarotene, Bexxar (Tositumomab and Iodine I 131
Tositumomab), Bicalutamide, BiCNU (Carmustine), Bleomycin, Blinatumomab, Blincyto
(Blinatumomab), Bortezomib, Bosulif (Bosutinib), Bosutinib, Brentuximab Vedotin, Brigatinib,
BuMel, Busulfan, Busulfex (Busulfan), Cabazitaxel, Cabometyx (Cabozantinib-S-Malate),
Cabozantinib-S-Malate, CAF, Campath (Alemtuzumab), Camptosar , (Irinotecan
Hydrochloride), Capecitabine, CAPOX, Carac (Fluorouracil--Topical), Carboplatin,
CARBOPLATIN-TAXOL, Carfilzomib, Carmubris (Carmustine), Carmustine, Carmustine
Implant, Casodex (Bicalutamide), CEM, Ceritinib, Cerubidine (Daunorubicin Hydrochloride),
Cervarix (Recombinant HPV Bivalent Vaccine), Cetuximab, CEV, Chlorambucil,
CHLORAMBUCIL-PREDNISONE, CHOP, Cisplatin, Cladribine, Clafen (Cyclophosphamide),
Clofarabine, Clofarex (Clofarabine), Clolar (Clofarabine), CMF, Cobimetinib, Cometriq
(Cabozantinib-S-Malate), Copanlisib Hydrochloride, COPDAC, COPP, COPP-ABV, Cosmegen
(Dactinomycin), Cotellic (Cobimetinib), Crizotinib, CVP, Cyclophosphamide, Cyfos
(Ifosfamide), Cyramza (Ramucirumab), Cytarabine, Cytarabine Liposome, Cytosar-U
(Cytarabine), Cytoxan (Cyclophosphamide), Dabrafenib, Dacarbazine, Dacogen (Decitabine),
Dactinomycin, Daratumumab, Darzalex (Daratumumab), Dasatinib, Daunorubicin
Hydrochloride, Daunorubicin Hydrochloride and Cytarabine Liposome, Decitabine, Defibrotide
Sodium, Defitelio (Defibrotide Sodium), Degarelix, Denileukin Diftitox, Denosumab, DepoCyt
(Cytarabine Liposome), Dexamethasone, Dexrazoxane Hydrochloride, Dinutuximab, Docetaxel,
Doxil (Doxorubicin Hydrochloride Liposome), Doxorubicin Hydrochloride, Doxorubicin
Hydrochloride Liposome, Dox-SL (Doxorubicin Hydrochloride Liposome), DTIC-Dome
(Dacarbazine), Durvalumab, Efudex (Fluorouracil--Topical), Elitek (Rasburicase), Ellence
(Epirubicin Hydrochloride), Elotuzumab, Eloxatin (Oxaliplatin), Eltrombopag Olamine, Emend
(Aprepitant), Empliciti (Elotuzumab), Enasidenib Mesylate, Enzalutamide, Epirubicin
Hydrochloride , EPOCH, Erbitux (Cetuximab), Eribulin Mesylate, Erivedge (Vismodegib),
Erlotinib Hydrochloride, Erwinaze (Asparaginase Erwinia chrysanthemi) , Ethyol (Amifostine),
Etopophos (Etoposide Phosphate), Etoposide, Etoposide Phosphate, Evacet (Doxorubicin
Hydrochloride Liposome), Everolimus, Evista , (Raloxifene Hydrochloride), Evomela
(Melphalan Hydrochloride), Exemestane, 5-FU (Fluorouracil Injection), 5-FU (Fluorouracil--
Topical), Fareston (Toremifene), Farydak (Panobinostat), Faslodex (Fulvestrant), FEC, Femara
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(Letrozole), Filgrastim, Fludara (Fludarabine Phosphate), Fludarabine Phosphate, Fluoroplex
(Fluorouracil--Topical), Fluorouracil Injection, Fluorouracil--Topical, Flutamide, Folex
(Methotrexate), Folex PFS (Methotrexate), FOLFIRI, FOLFIRI-BEVACIZUMAB, FOLFIRI-
CETUXIMAB, FOLFIRINOX, FOLFOX, Folotyn (Pralatrexate), FU-LV, Fulvestrant, Gardasil
(Recombinant HPV Quadrivalent Vaccine), Gardasil 9 (Recombinant HPV Nonavalent
Vaccine), Gazyva (Obinutuzumab), Gefitinib, Gemcitabine Hydrochloride, GEMCITABINE-
CISPLATIN, GEMCITABINE-OXALIPLATIN, Gemtuzumab Ozogamicin, Gemzar
(Gemcitabine Hydrochloride), Gilotrif (Afatinib Dimaleate), Gleevec (Imatinib Mesylate),
Gliadel (Carmustine Implant), Gliadel wafer (Carmustine Implant), Glucarpidase, Goserelin
Acetate, Halaven (Eribulin Mesylate), Hemangeol (Propranolol Hydrochloride), Herceptin
(Trastuzumab), HPV Bivalent Vaccine, Recombinant, HPV Nonavalent Vaccine, Recombinant,
HPV Quadrivalent Vaccine, Recombinant, Hycamtin (Topotecan Hydrochloride), Hydrea
(Hydroxyurea), Hydroxyurea, Hyper-CV AD, Ibrance (Palbociclib), Ibritumomab Tiuxetan,
Ibrutinib, ICE, Iclusig (Ponatinib Hydrochloride), Idamycin (Idarubicin Hydrochloride),
Idarubicin Hydrochloride, Idelalisib, Idhifa (Enasidenib Mesylate), Ifex (Ifosfamide),
Ifosfamide, Ifosfamidum (Ifosfamide), IL-2 (Aldesleukin), Imatinib Mesylate, Imbruvica
(Ibrutinib), Imfinzi (Durvalumab), Imiquimod, Imlygic (Talimogene Laherparepvec), Inlyta
(Axitinib), Inotuzumab Ozogamicin, Interferon Alfa-2b, Recombinant, Interleukin-2
(Aldesleukin), Intron A (Recombinant Interferon Alfa-2b), Iodine I 131 Tositumomab and
Tositumomab, Ipilimumab, Iressa (Gefitinib), Irinotecan Hydrochloride, Irinotecan
Hydrochloride Liposome, Istodax (Romidepsin), [xabepilone, Ixazomib Citrate, Ixempra
(Ixabepilone), Jakafi (Ruxolitinib Phosphate), JEB, Jevtana (Cabazitaxel), Kadcyla (Ado-
Trastuzumab Emtansine), Keoxifene (Raloxifene Hydrochloride), Kepivance (Palifermin),
Keyvtruda (Pembrolizumab), Kisqali (Ribociclib), Kymriah (Tisagenlecleucel), Kyprolis
(Carfilzomib), Lanreotide Acetate, Lapatinib Ditosylate, Lartruvo (Olaratumab), Lenalidomide,
Lenvatinib Mesylate, Lenvima (Lenvatinib Mesylate), Letrozole, Leucovorin Calcium, Leukeran
(Chlorambucil), Leuprolide Acetate, Leustatin (Cladribine), Levulan (Aminolevulinic Acid),
Linfolizin (Chlorambucil), LipoDox (Doxorubicin Hydrochloride Liposome), Lomustine,
Lonsurf (Trifluridine and Tipiracil Hydrochloride), Lupron (Leuprolide Acetate), Lupron Depot
(Leuprolide Acetate), Lupron Depot-Ped (Leuprolide Acetate), Lynparza (Olaparib), Marqibo
(Vincristine Sulfate Liposome), Matulane (Procarbazine Hydrochloride), Mechlorethamine
Hydrochloride, Megestrol Acetate, Mekinist (Trametinib), Melphalan, Melphalan
Hydrochloride, Mercaptopurine, Mesna, Mesnex (Mesna), Methazolastone (Temozolomide),

Methotrexate, Methotrexate LPF (Methotrexate), Methylnaltrexone Bromide, Mexate
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(Methotrexate), Mexate-AQ (Methotrexate), Midostaurin, Mitomycin C, Mitoxantrone
Hydrochloride, Mitozytrex (Mitomycin C), MOPP, Mozobil (Plerixafor), Mustargen
(Mechlorethamine Hydrochloride) , Mutamycin (Mitomycin C), Myleran (Busulfan), Mylosar
(Azacitidine), Mylotarg (Gemtuzumab Ozogamicin), Nanoparticle Paclitaxel (Paclitaxel
Albumin-stabilized Nanoparticle Formulation), Navelbine (Vinorelbine Tartrate), Necitumumab,
Nelarabine, Neosar (Cyclophosphamide), Neratinib Maleate, Nerlynx (Neratinib Maleate),
Netupitant and Palonosetron Hydrochloride, Neulasta (Pegfilgrastim), Neupogen (Filgrastim),
Nexavar (Sorafenib Tosylate), Nilandron (Nilutamide), Nilotinib, Nilutamide, Ninlaro
(Ixazomib Citrate), Niraparib Tosylate Monohydrate, Nivolumab, Nolvadex (Tamoxifen
Citrate), Nplate (Romiplostim), Obinutuzumab, Odomzo (Sonidegib), OEPA, Ofatumumab,
OFF, Olaparib, Olaratumab, Omacetaxine Mepesuccinate, Oncaspar (Pegaspargase),
Ondansetron Hydrochloride, Onivyde (Irinotecan Hy drochloride Liposome), Ontak (Denileukin
Diftitox), Opdivo (Nivolumab), OPPA, Osimertinib, Oxaliplatin, Paclitaxel, Paclitaxel Albumin-
stabilized Nanoparticle Formulation, PAD, Palbociclib, Palifermin, Palonosetron Hydrochloride,
Palonosetron Hydrochloride and Netupitant, Pamidronate Disodium, Panitumumab,
Panobinostat, Paraplat (Carboplatin), Paraplatin (Carboplatin), Pazopanib Hydrochloride, PCV,
PEB, Pegaspargase, Pegfilgrastim, Peginterferon Alfa-2b, PEG-Intron (Peginterferon Alfa-2b),
Pembrolizumab, Pemetrexed Disodium, Perjeta (Pertuzumab), Pertuzumab, Platinol (Cisplatin),
Platinol-AQ (Cisplatin), Plerixafor, Pomalidomide, Pomalyst (Pomalidomide), Ponatinib
Hydrochloride, Portrazza (Necitumumab), Pralatrexate, Prednisone, Procarbazine Hydrochloride
, Proleukin (Aldesleukin), Prolia (Denosumab), Promacta (Eltrombopag Olamine), Propranolol
Hydrochloride, Provenge (Sipuleucel-T), Purinethol (Mercaptopurine), Purixan
(Mercaptopurine), Radium 223 Dichloride, Raloxifene Hvdrochloride, Ramucirumab,
Rasburicase, R-CHOP, R-CVP, Recombinant Human Papillomavirus (HPV) Bivalent Vaccine,
Recombinant Human Papillomavirus (HPV) Nonavalent Vaccine, Recombinant Human
Papillomavirus (HPV) Quadrivalent Vaccine, Recombinant Interferon Alfa-2b, Regorafenib,
Relistor (Methylnaltrexone Bromide), R-EPOCH, Revlimid (Lenalidomide), Rheumatrex
(Methotrexate), Ribociclib, R-ICE, Rituxan (Rituximab), Rituxan Hycela (Rituximab and
Hyaluronidase Human), Rituximab, Rituximab and , Hyaluronidase Human, ,Rolapitant
Hydrochloride, Romidepsin, Romiplostim, Rubidomycin (Daunorubicin Hydrochloride),
Rubraca (Rucaparib Camsylate), Rucaparib Camsylate, Ruxolitinib Phosphate, Rydapt
(Midostaurin), Sclerosol Intrapleural Aerosol (Talc), Siltuximab, Sipuleucel-T, Somatuline
Depot (Lanreotide Acetate), Sonidegib, Sorafenib Tosylate, Sprycel (Dasatinib), STANFORD
V, Sterile Talc Powder (Talc), Steritalc (Talc), Stivarga (Regorafenib), Sunitinib Malate, Sutent
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(Sunitinib Malate), Sylatron (Peginterferon Alfa-2b), Sylvant (Siltuximab), Synribo
(Omacetaxine Mepesuccinate), Tabloid (Thioguanine), TAC, Tafinlar (Dabrafenib), Tagrisso
(Osimertinib), Talc, Talimogene Laherparepvec, Tamoxifen Citrate, Tarabine PFS (Cytarabine),
Tarceva (Erlotinib Hydrochloride), Targretin (Bexarotene), Tasigna (Nilotinib), Taxol
(Paclitaxel), Taxotere (Docetaxel), Tecentriq , (Atezolizumab), Temodar (Temozolomide),
Temozolomide, Temsirolimus, Thalidomide, Thalomid (Thalidomide), Thioguanine, Thiotepa,
Tisagenlecleucel, Tolak (Fluorouracil--Topical), Topotecan Hydrochloride, Toremifene, Torisel
(Temsirolimus), Tositumomab and lodine I 131 Tositumomab, Totect (Dexrazoxane
Hydrochloride), TPF, Trabectedin, Trametinib, Trastuzumab, Treanda (Bendamustine
Hydrochloride), Trifluridine and Tipiracil Hydrochloride, Trisenox (Arsenic Trioxide), Tykerb
(Lapatinib Ditosylate), Unituxin (Dinutuximab), Uridine Triacetate, VAC, Vandetanib, VAMP,
Varubi (Rolapitant Hydrochloride), Vectibix (Panitumumab), VelP, Velban (Vinblastine
Sulfate), Velcade (Borlezomib), Velsar (Vinblastine Sullate), Vemuralenib, Venclexia
(Venetoclax), Venetoclax, Verzenio (Abemaciclib), Viadur (Leuprolide Acetate), Vidaza
(Azacitidine), Vinblastine Sulfate, Vincasar PFS (Vincristine Sulfate), Vincristine Sulfate,
Vincristine Sulfate Liposome, Vinorelbine Tartrate, VIP, Vismodegib, Vistogard (Uridine
Triacetate), Voraxaze (Glucarpidase), Vorinostat, Votrient (Pazopanib Hydrochloride), Vyxeos
(Daunorubicin Hydrochloride and Cytarabine Liposome), Wellcovorin (Leucovorin Calcium),
Xalkori (Crizotinib), Xeloda (Capecitabine), XELIRI, XELOX, Xgeva (Denosumab), Xofigo
(Radium 223 Dichloride), Xtandi (Enzalutamide), Yervoy (Ipilimumab), Yondelis
(Trabectedin), Zaltrap (Ziv-Aflibercept), Zarxio (Filgrastim), Zejula (Niraparib Tosylate
Monohydrate), Zelboraf (Vemurafenib), Zevalin (Ibritumomab Tiuxetan), Zinecard
(Dexrazoxane Hvdrochloride), Ziv-Aflibercept, Zofran (Ondansetron Hydrochloride), Zoladex
(Goserelin Acetate), Zoledronic Acid, Zolinza (Vorinostat), Zometa (Zoledronic Acid), Zydelig
(Idelalisib), Zykadia (Ceritinib), and/or Zytiga (Abiraterone Acetate). The treatment methods
can include or further include checkpoint inhibitors include, but are not limited to, antibodies
that block PD-1 (Nivolumab (BMS-936558 or MDX1106), CT-011, MK-3475), PD-L1 (MDX-
1105 (BMS-936559), MPDL3280A, or MSB0010718C), PD-L2 (tHIgM12B7), CTLA-4
(Ipilimumab (MDX-010), Tremelimumab (CP-675,206)), IDO, B7-H3 (MGA271), B7-H4,
TIM3, LAG-3 (BMS-986016).

D. Examples

88. The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the compounds, compositions, articles,

devices and/or methods claimed herein are made and evaluated, and are intended to be purely
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exemplary and are not intended to limit the disclosure. Efforts have been made to ensure
accuracy with respect to numbers (e.g., amounts, temperature, etc.), but some errors and
deviations should be accounted for. Unless indicated otherwise, parts are parts by weight,
temperature is in °C or is at ambient temperature, and pressure is at or near atmospheric.
1. Example 1: NOVEL CD4+ TUMOR INFILTRATING LYMPHOCYTES
FOR THE TREATMENT OF CANCER

89. Immunotherapy has revolutionized the expected outcomes for cancer patients due to
the potential for durable, complete clinical responses, yet there remains a dire need 1o expand
and improve upon these therapies. In metastatic melanoma, adoptive cell transfer (ACT) with
tumor-infiltrating lymphocytes (TIL) has resulted in objective response rates ranging from 28-
56%. Most current TIL production strategies focus on the expansion and selection of tumor-
reactive CD8" T cells for infusion. However, recent evidence indicates an expanded role for
CD4" T cells in anti-tumor immunity, warranting further investigation into the function and
efficacy of this underexplored TIL population in ACT.

90. Shared antigen and neoantigen-specific CD4" T cells have been detected in the
peripheral blood and within the tumor microenvironment across multiple cancer types,
indicating their availability and utility in the immunotherapeutic setting. Several notable studies
have demonstrated the efficacy of antigen-specific CD4" T cells in ACT, including complete
responses (CR) in advanced cancers following infusion of highly potent CD4-dominant T cell
products. These clinical responses were marked by CD4" effector T cells with pleiotropic
functionality including cytokine production and long-term persistence, resulting in overall
reduced tumor burden. While these reports indicated that antigen-specific CD4' T cells were
effective mediators of the anti-tumor immune response, the prevalence, profile, and mechanism
of action remain unclear.

91. CD4" T cells are integral orchestrators of both the primary and secondary immune
responses, yet have been classically considered helpers. A diverse and plastic population, CD4*
T cells are capable of a polyfunctional response upon recognition of cognate peptide presented
on MHC Class II molecules on antigen presenting cells (APCs) or tumor cells directly. Recent
reports have demonstrated that CD4" T cells possess direct and indirect effector functions,
including pleiotropic cytokine production and tumor cytolytic capacity dependent on MHC
Class Il-directed cell-to-cell interactions resulting in T cell degranulation. The maintenance of
these antigen-specific CD4" T cells in vivo is critical to therapeutic efficacy and has been
demonstrated in long-term responders following ACT. The advent of single cell RNA
sequencing (scCRNASeq) has improved the depth and insight into neoantigen-specific T cells
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dramatically, uncovering genetic signatures and modules which demarcate this critical
population.

92. Here, we report the identification and characterization of neoantigen-specific CD4* T
cell clones present within the TIL infusion product from previously treated melanoma patients.
Through a series of case studies, we demonstrated that these neoantigen-specific CD4" TIL were
highly activated in response to tumor antigens and exhibited MHC Class II-mediated
cytotoxicity. We then utilized T cell receptor (TCR) sequencing and scRNASeq to validate the
in vitro and in vivo functional activity and further contextualize these neoantigen-specific CD4*
TIL. Overall, these data support an important role for neoantigen-specific CD4" TIL and
advocate for their inclusion in ACT.

a) Materials and Methods
(1) Patients and Patient Samples

93. Retrospective analysis was performed on TIL, peripheral blood mononuclear cells
(PBMC), and excess tumor material derived from metastatic melanoma patients previously
treated with ACT at Moffitt Cancer Center (MCC) under the clinical trial protocols
NCT01005745 (Patients 1, 2, 5), NCT01701674 (Patient 3), and NCT01659151 (Patients 4 and
6). As necessary, TIL were propagated by the Rapid Expansion Protocol (REP), consistent with
prior publications. CD4" TIL were enriched by negative selection utilizing CD8 microbeads
(Miltenyi Biotec, Gaithersburg, MD) or positive selection utilizing the IFNg Secretion Assay —
Detection Kit (PE) (Miltenyi Biotec) in combination with anti-PE MicroBeads (Miltenyi Biotec)
following the manufacturer’s protocol where indicated.

(2) DNA/RNA Extraction for Neoantigen Detection

94. Additional excess tumor tissue was preserved as formalin-fixed, paraffin-embedded
(FFPE) or snap frozen (SF) tumor blocks within 15 minutes of surgical extirpation. FFPE tissues
were placed in 10% neutral buffered formalin and fixed for 24 hours prior to embedding in
paraffin using standard methodologies. SF tissues were immediately frozen and stored in liquid
nitrogen until processing. Sections (4 uM) from each tumor block were stained with hematoxylin
and eosin (H&E) and reviewed by the study pathologist to ensure tumor content. DNA and RNA
from Patient 1 were extracted with the QLAamp DNA FFPE Tissue Kit (Qiagen Sciences, Inc.,
Germantown, MD) and Ambion RecoverAll Kit (ThermoFisher Scientific), respectively. RNA
for this patient was DNase treated, followed by cleanup with the RNeasy MinElute Cleanup Kit
(Qiagen Sciences, Inc). For all other patients, DNA and RNA were extracted with the Allprep
DNA/RNA kit (Qiagen Sciences, Inc.). Genetic material was quantified by Qubit fluorometric
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quantification (ThermoFisher Scientific, Waltham, MA) and quality control was performed
utilizing the TapeStation 4200 System (Agilent Technologies, Inc., Santa Clara, CA).
(3) Whole-Exome Sequencing/RNA-Sequencing
(a) Patient 1

95. Whole-exome sequencing (WES) was performed on DNA from fixed tumor tissue
(FFPE) and from blood as a germline control in order to identify somatic mutations in the coding
regions of the human genome. Following a quantitative-PCR (qPCR)-based DNA quality and
quantity assessment using the Agilent NGS FFPE QC Kit with the tumor DNA sample, 200 ng
of DNA was used as input into the Agilent SureSelect XT Clinical Research Exome kit (Agilent
Technologies). Briefly, for each tumor DNA sample, a genomic DNA library was constructed
according to the manufacturer’s protocol and the size and quality of the library was evaluated
using the Agilent BioAnalyzer. An equimolar amount of library DNA was used for a whole-
exome enrichment using the Agilent capture baits and aller gPCR library quantitation and
quality control (QC) analysis on the BioAnalyzer, approximately 200 million and 80 million 75-
base paired-end sequences for the tumor and germline control sample, respectively, were
generated using v2 chemistry on an [llumina NextSeq 500 high-output sequencing run (Illumina,
Inc., San Diego, CA).

96. An RNA-sequencing (RNASeq) library was prepared using the Illumina TruSeq
RNA Exome Library Preparation Kit (Illumina, Inc.) according to the manufacturer’s
protocol. Briefly, following RNA quality review on the Agilent TapeStation (Agilent
Technologies) and quantitation with the Qubit RNA BR Assay Kit (ThermoFisher Scientific),
100 ng of RNA was used as input RNA fragmentation. The cDNA libraries were generated
according to the protocol and reviewed for quality and quantity using the Qubit dsDNA Assay
Kit and the Agilent BioAnalyzer DNA 1000 Chip (Agilent Technologies). The library was then
enriched twice using the Illumina exome probes. The final library was reviewed for initial
quantity and quality using the Qubit dsDNA Assay Kit (ThermoFisher Scientific) and the
BioAnalyzer High Sensitivity DNA Chip (Agilent Technologies). Following library
quantitation with the Kapa Library Quantification Kit for NGS (Roche Sequencing, Pleasanton,
CA), the library was sequenced on an Illumina NextSeq 500 (Illumina, Inc.) mid-output run to
generate 174M million pairs of 75-base reads.

97. For confirmation of the expression of the S100A112?*® mutation in the FFPE tumor
tissue from Patient 1, RNA was extracted and DNase treated prior to processing with the Nugen
RNASeq Universal Kit (Tecan US, Inc., Morrisville, NC). The generated cDNA was quantified

and reviewed for quality control metrics, then sequenced on the NextSeq 500 (Illumina, Inc.) 2 x
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75 base pair mid-output run and analyzed for nucleic acid conversion (T>C) at position Chrl
152006215 in the human genome version hs37d5.
(b) Patient 2

98. WES was performed on DNA from frozen tumor tissue and from blood as a germline
control in order to identify somatic mutations in the coding regions of the human
genome. Briefly, 200 ng of DNA was used as input into the Agilent SureSelect XT Clinical
Research Exome kit (Agilent Technologies). For each tumor DNA sample, a genomic DNA
library was constructed according to the manufacturer’s protocol and the size and quality of the
library was evaluated using the Agilent BioAnalyzer. An equimolar amount of library DNA was
used for a whole-exome enrichment using the Agilent capture baits and after qPCR library
quantitation and QC analysis on the BioAnalyzer. Approximately 195 million and 134 million
75-base paired-end sequences for the tumor and germline control sample, respectively, were
generated using v2 chemistry on an [llumina NextSeq 500 high-output sequencing run (Illumina,
Inc.).

99. An RNAseq library was prepared using the NuGen FFPE RNA-Seq Multiplex
System (later renamed to Universal RNA-Seq Library Preparation Kit with NuQuant, (Tecan
US, Inc.). DNase-treated RNA (100 ng) was used to generate cDNA and a strand-specific library
following the manufacturer’s protocol. Library molecules containing ribosomal RNA sequences
were depleted using the NuGen AnyDeplete probe-based enzymatic process. The final library
was assessed for quality on the Agilent TapeStation (Agilent Technologies, Inc., Wilmington
DE), and quantitative RT-PCR for library quantification was performed using the Kapa Library
Quantification Kit (Roche Sequencing). The library was sequenced on an Illumina NextSeq 500
mid-output sequencing run to generate 125 mullion pairs of 75-base reads.

(c) Patients 3-6

100. WES was performed on DNA from frozen tumor tissues and from blood as
germline controls in order to identify somatic mutations in the coding regions of the human
genome. Briefly, 200 ng of DNA was used as input into the Agilent SureSelect XT Clinical
Research Exome kit (Agilent Technologies). For each tumor DNA sample, a genomic DNA
library was constructed according to the manufacturer’s protocol and the size and quality of the
library was evaluated using the Agilent BioAnalyzer. An equimolar amount of library DNA was
used for a whole-exome enrichment using the Agilent capture baits and after qPCR library
quantitation and QC analysis on the BioAnalyzer, approximately 110 million and 60 million 75-

base paired-end sequences for the tumor and germline control samples, respectively, were
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generated using v2 chemistry on an lllumina NextSeq 500 high-output sequencing run (1llumina,
Inc)).

101.  An RNAseq library was prepared using the Universal RNA-Seq Library
Preparation Kit with NuQuant, (Tecan US, Inc.). Briefly, 100 ng of DNase-treated RNA was
used to generate cDNA and a strand-specific library following the manufacturer’s protocol.
Library molecules containing ribosomal RNA sequences were depleted using the NuGen
AnyDeplete probe-based enzymatic process. The final library was assessed for quality on the
Agilent TapeStation (Agilent Technologies, Inc.), and quantitative RT-PCR for library
quantification was performed using the Kapa Library Quantification Kit (Roche
Sequencing). The library was sequenced on an [llumina NextSeq 500 mid-output sequencing
run to generate >80 million pairs of 75-base reads per sample.

(4) Neoantigen Peptide Detection and MHC Binding Analysis

102.  Whole exome sequencing (WES) data from matched tumor and germline
specimens were aligned to human genome version hs37d5 with the Burrows Wheeler Aligner
(BWA) algorithm (v0.5.9-r16) and refined with Picard (v1.56, http://picard.sourceforge net/) and
the Genome Analysis Toolkit (GATK2Lite-2.2). Somatic point mutations were detected with
MuTect (v1.14), SomaticIndelDetector (via GATK2Lite), and Strelka (v1.0.13) (Illumina, Inc.)
analysis tools and annotated with ANNOV AR software. Somatic mutations observed as passing
in Strelka, or passing in MuTect and observed at all in Strelka were used to predict altered
peptides from the ANNOVAR results. RNA sequencing (RNASeq) data from tumor specimens
were aligned via the Spliced Transcripts Alignment to a Reference (STAR, v2.5.3a) algorithm
and quantitated by the High-Throughput Sequence Analysis tool (v0.6.0) (HTSeq) to confirm
gene expression and verify mutation identification.

103.  Each patient’s complete HL A haplotype was predicted by RNASeq analysis via
the Optitype (HLA-L, v1.3.2) and PHLAT (HLA _II, v1.1) algorithms. This HLA profile was
utilized to predict the binding of the mutated peptides to MHC Class I and MHC Class 11
components by netMHCpan (v4.0) and netMHClIpan (v3.2), respectively. Mutant and wildtype
peptides were extracted from the ANNOV AR output and binding peptide sizes of 8-14 amino
acids (MHC-I) and 12-16 amino acids (MHC-2) were tested.

(5) Neoantigen Peptide Prioritization

104. Mutated peptides were prioritized based upon expression and MHC binding
prediction analyses to obtain an Additive Score (AS). The expression score (ES) component was
determined using the maximum variant allele frequency in the RN Aseq data (VAF) and

fragments per kilobase of exon per million mapped fragments (FPKM) from the RNASeq data.
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The MHC combined score (MCS) component added the maximum predicted binding of each
peptide to the patient’s MHC molecules and the differential agretopicity index (DAI) between
the variant (var) peptide and its corresponding reference (ref) peptide for MHC Class I (mhcl)
and MHC Class II (mhc2). The full AS formula for prioritizing 25-mers is below:

AS=ES +(MCS/1.5)

ES =max VAF RNA percentile + (0.5 * max_FPKM_ percentile)
MCS =mhcl_score + (0.5 * $mhc2 score)

mhcl score =ic50_mhcl_percentile + (0.5 * DAI_mhcl percentile)
mhe2 score =1c50_mhc2 percentile + (0.5 * DAI_mhc2 percentile)

percentile = max percentile for a given peptide within 25-mer (excluding 0/NA)

DAL var_ic50 / ref ic50

(6) Custom Peptide Synthesis
105.  Prioritized peptides were synthesized individually as 25mers utilizing the
PEPotec Immuno Custom Library (ThermoFisher Scientific) and Custom Peptide Synthesis (JPT
Peptide Technologies, Berlin, Germany) platforms or as a peptide pool (PP) via the PepMix™
Peptide Pools platform (JPT Peptide Technologies). For Patient 1, an additional custom library
of overlapping 12-16mer peptides harboring the S100A112*?R mutation were synthesized as well
as the wildtype 25mer (WT; S100A11%T) via the PEPotec Immuno Custom Peptide Library
platform (ThermoFisher Scientific). All peptides were reconstituted in dimethyl sulfoxide
(DMSO) and used at the indicated concentrations.
(7) APC Generation
106.  Autologous dendritic cells (DC) were derived from cryopreserved mononuclear
cells from patient apheresis specimens collected as part of the clinical protocol prior to pre-
conditioning lymphodepletion. Briefly, cells were thawed in warm RPMI-based media
containing 10% human Ab serum (Lot 20800: Omega Scientific, Tarzana, CA; Lot H1I6Y00K:
Gemini Bio Products, West Sacramento, CA; Lot A14006: Access Biologicals, LLC, Vista, CA)
and 6.7 ug/mL DNase I (MilliporeSigma, St. Louis, MO). All cells were plated at 37 °C ata
concentration of 1 x 10”/mL in DC Media (CellGenix, Inc., Portsmouth, NH). All non-adherent
cells and media were removed after 90 minutes and replaced with fresh DC Media supplemented
with 100 ng/mL GM-CSF (R&D Systems, Minneapolis, MN) and 20 ng/mL IL-4 (Miltenyi

Biotec). Three days later, an equivalent volume of this same media was added. On day five, DC
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Media was removed and DC were washed with warm PBS and collected in warm PBS-EDTA
(Lonza Group AG, Basel, Switzerland) using a cell scraper to detach adherent cells.

107.  Autologous B cells were transformed from peripheral blood lymphocytes (PBL)
utilizing Epstein-Barr Virus (EBV) supernatants produced by the B95-8 cell line (a kind gift
from Dr. Ken Wright, MCC), according to established protocols. Briefly, 1 x 107 PBL were
added to an upright T25 flask in 5 mL of tumor complete media (TCM), 5 mL of EBV
supernatant, and 0.5 ug/mL of cyclosporin A (ThermoFisher Scientific). TCM consisted of
RPMI containing 10% fetal bovine serum (FBS; Atlanta Biologicals, Flowery Branch, GA). B
cells were incubated until macroscopic clusters were observed and propagated until sufficient
numbers were generated for downstream applications. Flow cytometric analysis was utilized to
confirm population purity and expression of canonical B cell markers CD19 and CD20 (panel
below).

(8) TIL Neoantigen Peptide Stimulation

108.  Autologous APCs were cultured at 3.6 x 10°/well in six-well plates and loaded
with the complete pool of patient-specific mutant 25mer peptides (2.5-100 ng/mL each) at equal
concentrations for approximately 24 hours in DC Media (CellGenix, Inc.). APCs were washed
three times in PBS to remove unbound peptide and replated in six-well plate format for the co-
culture. TIL, rested overnight in RPMI supplemented with 10% human Ab serum (TIL CM) and
3000 IU/mL recombinant human (rh) IL-2 (aldesleukin, Prometheus Laboratories, Inc., San
Diego, CA), were enumerated and added to the peptide-loaded APCs at a 1:1 ratio for overnight
co-culture. Co-culture media was supplemented with 300 IU/mL rhIL-2 to promote TIL
viability. Cells were collected and stained for fluorescence-activated cell sorting (FACS) under
sterile conditions according to the below procedure. Cell culture supernatants were assayed
individually for IFNg by the Single Plex immunoassay or simultaneously for IFNg, TNFa, and
Granzyme B using the multianalyte immunoassay and analyzed on the Ella machine (Protein
Simple, San Jose, CA).

(9) Fluorescence-Activated Cell Sorting (FACS)

109.  All cells were collected and washed in sterile PBS, then stained with the
Live/Dead Fixable Near-IR Dead Cell Stain Kit (ThermoFisher Scientific) according to the
manufacturer’s protocol at 1 x 107 cells/mL. Cells were then washed with sterile Flow
Cytometry Buffer (FCB) and stained with surface antibodies. FCB consisted of 5% FBS, 1mM
EDTA, and 0.1% sodium azide in PBS. Anti-human cell surface antibodies were added
according to the following panel: CD11¢ BV650 (clone B-ly6; BD Biosciences, San Jose, CA),
CD3 BV785 (clone UCHT; BioLegend, Inc., San Diego, CA), CD4 FITC (clone RPA-T4; BD
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Biosciences), CD8 BV510 (clone SK1; BioLegend), CD134 (0OX40) BV421 (clone BerACT-35;
BioLegend), CD137 (4-1BB) PerCyCy35.5 (clone 4B4-1; BioLegend). B cells were utilized as
APCs when DCs were unavailable. In this event, CD20 BV650 (BD Biosciences) replaced
CD11¢ BV650 in the sort staining panel. Cells were stained at 4 °C for 20 minutes, then washed
with sterile FCB and resuspended in Complete OpTmizer Media for FACS. Complete OpTmizer
Media consisted of CTS™ OpTmizer™ T cell Expansion SFM (no phenol red; ThermoFisher
Scientific) supplemented with CTS™ Immune cell SR (ThermoFisher Scientific), GlutaMAX
Supplement (ThermoFisher Scientific) and 300 IU/mL rhIL-2. TIL were sorted at a
concentration of 5 x 10° — 1 x 10 cells/mL in Complete OpTmizer Media.

110.  Neoantigen-specific TIL were sorted on a BD FACSAria SORP (BD
BioSciences) for increased cell surface expression of 4-1BB and OX40 between peptide-
stimulated TIL and unloaded controls. Additional control wells were set up in a 96-well format
with 1 x 10° TIL to assist with gating: (1) fluorescence minus one (FMO) staining for 4-1BB on
TIL co-cultured with 1 x 10° peptide-loaded APCs; (2) FMO for OX40 on TIL co-cultured with
1 x 10° peptide-loaded APCs; (3) Dynabeads human T-activator CD3/CD28 (ThermoFisher
Scientific) at a 1:1 TIL:bead ratio; (4) TIL cultured without APCs in media only. TIL activated
by neoantigen peptides upregulated either 4-1BB or OX40 and were sorted as ‘positive’ while
TIL that did not increase expression of either marker were sorted as ‘negative.” TIL were sorted
directly into human Ab serum supplemented with gentamicin, then washed twice with TIL CM.
TIL were expanded via REP prior to validation and downstream experiments.

(10) MHC Class II Expression

111. AT was induced to express MHC Class II by 1) pre-treatment with recombinant
human (rth) IFNg (ATg) or 2) transduction with the Class II Transactivator (AT-CIITA). 1)
Recombinant human IFNg (500 U/mL; R&D Systems) was added to TCM and cells were
cultured for five to seven days total, with media replacement on day three. 2) AT was transduced
utilizing CIITA viral supernatant supplemented with 4 ug/mL polybrene (Sigma-Aldrich, St.
Louis, MO). Tumor cells were centrifuged with viral supernatant at 800 relative centrifugal
force (rcf) for 90 minutes at 37 °C, then expanded in TCM prior to puromycin (1 ug/mL; Sigma-
Aldrich) selection. MHC Class II expression was confirmed by flow cytometry.

(11) TIL Co-Culture

112.  Effector (E) and target (T) cells were co-cultured at a 1:1 E:T ratio in a 96-well
plate format with 1 x 10° cells each. Effector cells consisted of TIL or TCR-T (below). Target
cells consisted of AT, HLA-matched tumor, or EBV-transformed B cells. AT was enforced to

express MHC Class II where indicated as described above. Target cells were loaded with
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individual peptides or a pool of peptides (2.5-150 ng/mL each) overnight prior to co-culture.
Blocking antibodies were added one hour prior to co-culture initiation in order to pre-coat target
cells and remained in the assay well for its duration at a final concentration of 10 ug/mL. Anti-
human blocking antibodies utilized: HLA-ABC (clone W6/32; BioLegend, Inc.), HLA-DR, DP,
DQ (clone Tu39; BioLegend, Inc.), HLA-DR (clone 1.243; BiolLegend, Inc.), HLA-DP (clone
B7/21; Leinco Technologies, Fenton, MO), HLA-DQ (clone SPV-L3; Novus Biologicals,
Littleton, CO). Cell culture supernatants were collected and IFNg production was quantified by
IFNg ELISA (R&D Systems) or the Ella system (described above).

(12) Flow Cytometry

113.  Following co-culture in a U-bottom 96-well plate format, TIL were transferred to
a V-bottom 96-well plate, washed with PBS and stained with Live/Dead Fixable Near-IR Dead
Cell Stain Kit (ThermoFisher Scientific) according to the manufacturer’s protocol. TIL were
then washed with FCB and stained with cell surface antibodies for 30 minutes at 4 C, protected
from light. Cells were washed with FCB and fixed. For surface staining, TIL were fixed in 2%
paraformaldehyde (PFA) until acquisition.

114.  For intracellular cytokine staining (ICS), GolgiStop and GolgiPlug (BD
Biosciences) were added at 0.5x according to the manufacturer’s recommended dosage at the
initiation of co-culture. For degranulation potential, CD107a (LAMP-1) BV785 (clone H4A3;
BioLegend, Inc.) was also added at co-culture initiation. TIL were viability and surface stained
as above, then processed and stained with the Fixation/Permeabilization Solution Kit (BD
Biosciences) according to the manufacturer’s protocol and fixed in 2% PFA until data
acquisition. Data acquisition was performed on a BD Celesta or BD LSRII (BD Biosciences)
and analyzed with FlowJo Software (TreeStar Inc., Ashland, OR).

(13) Flow Cytometry Antibodies

115.  The following anti-human antibodies were utilized for flow cytometry as
described above: CD3 BV785 (clone UCHT1; BioLegend, Inc.), CD4 FITC (clone RPA-T4; BD
Biosciences), CD8 BV510 (clone SK1; BioLegend, Inc.), CD11¢c BV650 (clone B-ly6; BD
Biosciences), CD20 BV650 (clone 2H7; BD Biosciences), CD25 PECy7 (clone M-A251; BD
Biosciences), CD39 BV605 (clone Al; BiolLegend, Inc.), CD69 BV 510 (clone FN50;
BioLegend, Inc.), CD107a (LAMP-1) BV785 (clone H4A3; BioLegend, Inc.), CD127 APC
(clone A019DS5; BioLegend, Inc.), CD134 (OX40) BV421 (clone Ber-ACT35; BioLegend, Inc.),
CD137 (4-1BB) PerCpCy5.5 (clone 4B4-1; BioLegend, Inc.), CD183 (CXCR3) BV421 (clone
1C6; BD Biosciences), CD223 (LAG-3) BV630 (clone 11C3C65; BioLegend, Inc.), CD279
(PD-1) BV785 (clone EH12.2H7; BioLegend, Inc.), CD366 (TIM3) APC (clone F38-2E2;
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eBiosciences), BILA BV 650 (clone J168-540; BD Biosciences), Granzyme B PacBlue (clone
GBI11; BioLegend, Inc.), IFNg APC (clone 48 B3; eBiosciences), TNFa PECy7 (clone Mabl11;
eBiosciences).
116.  Infused TIL products utilized in clinical trial protocols were cell surface stained
and analyzed to determine CD4 and CD8 frequency in the TIL product.
(14) TCRpP Sequencing
117. DNA was extracted from TIL and PBMC via the DNeasy Blood and Tissue Kit
or AllPrep DNA/RNA Mini Kit (Qiagen Sciences, Inc.) and quantified bv Nanodrop
(ThermoFisher Scientific). When necessary, DNA was precipitated using isopropanol and re-
quantified. DNA was analvzed using the ImmunoSeq TCRb Kit v3 and v4 (Adaptive
Biotechnologies, Seattle, WA) at the MCC Molecular Genomics Core or the Adaptive
Biotechnologies ImmunoSeq Laboratory. Data were uploaded to the Adaptive ImmunoSEQ
Analyzer 3.0 for analysis of shared TCRb CDR3 amino acid sequences.
(15) Incucyte Live Cell Imaging
118.  Autologous EBV-transformed B cells (targets) were pulsed with 100-150 ng/mL
of peptide overnight. Target cells were labeled with 0.2 uM Incucyte Cytolight Rapid Green Dye
(Essen Bioscience, Inc., Ann Arbor, MI) according to the manufacturer’s protocol, washed, and
plated in Complete OpTmizer Media at 2 x 10* Target cells/well in a flat bottom 96-well plate.
The assay plate was pre-coated with poly-L-ornithine (Sigma-Aldrich) for 60 minutes at room
temperature, then allowed to air dry for 30 minutes at room temperature. Peptides (100-150
ng/mL) and IL-2 (300 IU/mL) were included for the duration of the assay. The Incucyte Caspase
3/7 Red Dye (Essen Biosciences, Inc.) was resuspended in Complete OpTmizer Media and
added to each well at a final concentration of 2 uM/well. TIL (effectors) were rested overnight in
TIL CM supplemented with 3000 TU/mL thIL-2, then counted and added to the assay plate at
1:1,2.5:1, 5:1, and 10:1 E:T ratios. Co-culture plates were immediately placed in the Incucyte
S3 Live Cell Analysis Instrument (Essen Biosciences Inc.) and images were acquired at 30-
minute intervals for six hours. Data analysis was completed with the Incucvte S3 Software
v2018B (Essen Biosciences Inc.) and exported to GraphPad Prism v9 (GraphPad Software, La
Jolla, CA).
(16) Real-Time Cell Analysis (RTCA) Immune Cell Killing
Assay
119. AT cell targets were collected with 0.05% trypsin (ThermoFisher Scientific),
enumerated, and plated on the E-Plate 96 PET (Agilent Technologies) in TIL CM at a

concentration of 1 x 10° cells/well. Each AT-bearing plate was initially calibrated on the
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xCELLigence RTCA MP instrument (Agilent Technologies), then incubated for approximately
24 hours within the analyzer chamber. Enriched TIL (effectors) were added to the plate at 1:1,
2.5:1, 5:1, and 10:1 E:T ratios in triplicate and returned to the RTCA analyzer chamber for six
hours. Plate sweeps occurred at 15-minute intervals and measured cellular impedance of AT in
real-time during each step. Maximum target cell death was achieved via addition of 2% Triton
X-100 (MilliporeSigma) in lieu of effector cells. Data was acquired and analyzed with the
RTCA Software Pro Immunotherapy Module (Agilent Technologies) and exported for analysis
and visualization with GraphPad Prism v9 (GraphPad Software) for data visualization.

(17) Transgenic T Cell Receptor-Engineered T Cell (TCR-

T) Production

120.  Full-length T cell receptor (TCR) alpha and beta chain sequences were extracted
from scRNASeq VDI analysis and synthesized as double-stranded DNA fragments (gBlock;
Integrated DNA Technologies, Inc., Coralville, [A). The TCR sequences were arranged in
tandem, linked by the porcine teschovirus-1 (P2A) self-cleaving peptide sequence, and flanked
by restriction enzyme sites (Ncol and Notl) to create the insert sequence. The insert and plasmid
backbone (MSGV 1) were digested, purified, and ligated. The full TCR plasmid was transformed
into One Shot Stbl3 chemically-competent . coli (ThermoFisher Scientific) and amplified on
LB agar plates containing ampicillin (100 ug/mL) for purification by the QIAGEN Plasmid
Maxi Kit (Qiagen Sciences, Inc.) according to the manufacturer’s protocol. The TCR plasmid
and envelope protein plasmid (RD114) were co-transfected into 293GP cells utilizing
Lipofectamine 2000 (ThermoFisher Scientific). Retroviral supernatants were collected at 48-,
72-, and 96-hours following transfection, filtered at 0.45 microns, and utilized for TCR-T
transduction.

121.  Allogeneic peripheral blood lymphocytes (PBL) were isolated from whole blood
via Ficoll-Hypaque density gradient (MP Biomedicals, Santa Ana, CA) and red blood cells lysed
with ACK lysis buffer (ThermoFisher Scientific). T cells were activated with 0.25 ug/mL of
anti-CD3 (clone: OKT3; BioLegend, Inc.) for 48 hours in X-VIVO media (Lonza Group AG)
supplemented with 5% HS (Gemini Bio-Products, Inc., Sacramento, CA), 1% L-glutamine
(ThermoFisher Scientific), and 300 IU/mL IL-2 (Proleukin, Clinigen Group, Burton upon Trent,
UK). Six-well plates were pre-coated with 20 ug/mL RetroNectin (Takara Bio, Kusatsu, Shiga,
Japan), then blocked with PBS supplemented with 2% bovine serum albumin (BSA;
MilliporeSigma). After rinsing with PBS, 2 mL of viral supernatant was added to the
RetroNectin-coated plates with an equal volume of DMEM supplemented with 10% FBS. Plates

were centrifuged at 2000 rcf for two hours at 32C. Activated aff T cells were transferred to viral-
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coated plates at 2e6 T cells/well and centrifuged for ten minutes at 1000 rcf at 32 °C, then
incubated at 37 °C overnight. This transduction procedure was repeated after 24 hours in a
duplicate set of pre-coated six-well plates as above. Following transduction, the TCR-T cells
were transferred to flasks and expanded for 72 hours in X-VIVO media supplemented with 300
TU/mL IL-2. TCR-T cells were evaluated for transduction efficiency by flow cytometric
detection of the mTCRb construct (anti-mouse TCRbeta PerCP/Cy5.5, clone H57-597,
BioLegend, Inc.) on viable CD4" (anti-human CD4 PECy7, clone RPA-T4; BioLegend, Inc.)
and CD8" lymphocytes (anti-human CD8 BUV395 RPA-TS; BD Biosciences) and utilized in
functional assays.

(18) Single Cell RNA Sequencing (scRNASeq)

122, Sorted TIL from six melanoma patients were cryopreserved following REP and
scRNASeq was performed by Turnstone Biologics immediately upon thaw. TIL were counted
via the Countess Automated Cell Counter (ThermoFisher Scientific) with trypan blue, filtered,
and resuspended between 700-1300 cells/uL in order to sequence 2000 cells per sample. The
Chromium Next GEM Single Cell 5° Reagent Kits v2 (Dual Index) (10x Genomics, Pleasanton,
CA) was used for paired TCR- and scRNA-sequencing following the manufacturer’s protocol.
The Chromium Next GEM Chip K was loaded with gel beads in emulsion (GEM) containing T
cells, master mix components, barcoded gel beads, and partitioning oil. Reverse transcription
generated barcoded cDNA and V(D)J sequences for amplification, followed by 5° Gene
Expression (GEX) and V(D)J library construction. Sequencing was performed on the NextSeq
1000 Instrument (Illumina) at a depth of 60 million (GEX) and 30 million (V(D)J) paired-end
reads, per sample.

(19) Single-Cell RNA-Seq Data Processing, Filtering, Batch
Effect Correction, and Clustering

123. Raw sequencing reads for each sample were processed using Cell Ranger (v6.1,
10X Genomics) and aligned against GRCh38 human transcriptome. Barcodes with unique
molecular identifier (UMI) counts passing threshold were imported to Seurat v4.2.0 for further
analysis. Genes detected in less than 3 cells were excluded; cells with less than 200 genes
detected or greater than 10% mitochondrial UMIs were filtered out. Doublets were detected
using Scrublet, DoubletFinder, scDblFinder, and doubletCells implemented in scran, assuming
0.08% doublet rate for every 1000 sequenced cells. Cells identified as doublets by at least two
algorithms were removed from further analysis. UMI counts were log normalized. The top 5000
variable genes were identified using FindVaribleFeatures function with “vst” method. T cell

receptor and immunoglobulin genes were removed from the variable genes to prevent clustering
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based on V(D)J transcripts. S and G2/M cell cycle phase scores were assigned to cells using
CellCycleScoring function. Top 40 principal components were generated by RunPCA and
further used to construct the uniform manifold approximation and projection (UMAP) by
RunUMAP. Clusters were identified by Louvain algorithm using FindCluster at resolution=1.
For each sample, the CD8" and CD4" T cells were identified based on expression of CD3E,
CD3D, CD4,CD8A4, and CDS8B, as well as clustering results as following: 1) CD4'CD84 CD8B"
cells were assigned as CD4" cells; 2) CD4CD8A*/CD8B” cells were assigned as CD8" cells; 3)
For CD4"CD8A*/CD8B" cells, the cells with log2(CD4/CD8) >1 and clustered with CD4" cells
were assigned as CD4", while the cells with 10g2(CD4/CD8) <1 and clustered with CD8" cells
were assigned as CDS8".

124.  The CD4" cells from individual samples were further integrated to remove batch
effects using FindintegrationAnchors and IntegrateData functions with 8000 anchor genes and
40 dimensions of canonical correlation analysis (CCA). Integrated data were regressed against
total UMISs, percentage (%) of mitochondrial UMIs, and cell cycle phase scores using ScaleDatc.
A shared nearest neighbor (SNN) based graph was constructed using top 40 principal
components, and clusters were identified by Louvain algorithm using FindCluster at
resolution=1. UMAP projections were generated by RunlUMAP and used for all visualizations.

(20) Differential Gene Expression Analysis and Cluster
Annotation

125.  Differential expression analysis comparing each cluster versus all others was
performed using FindAlIMarkers function in Seurat with default settings. Genes with log2(fold-
change)>0.25 and Bonferroni-corrected p-value <0.05 were considered differentially expressed.
Clusters were annotated by comparing differential genes to markers in scCRNA-seq studies.
Clusters were merged into cell types based on above annotation. Enrichment scores of the T cell
exhaustion gene set (70X, L.AG3, PDCDI1, HAVCR2, ITGAE, TIGIT, CXCL13) and the T cell
stemness gene set (1CF7, CDCRS, CD28, GZMK, CCR7, IL7R, BCL6, SELL, CD27) were
calculated using AUCell algorithm implemented in SCENIC. Cells localized to the
‘proliferative’ cluster were present across all patient samples and excluded from the analysis.
Marker genes expression was visualized on the UMAP or by violin plot using log-normalized
UMI counts. A bubble plot was used to visualize z-score normalized average expression and
percentage of expressing cells per cluster or per cell type. Expression distribution of marker

genes were compared between cell types using Violin plots.
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(21) Gene Set Enrichment Analysis (GSEA)

126.  Differential expression analysis was performed comparing cells within each cell
type versus all other cells, followed by a gene set enrichment analysis (GSEA). For each cell
type, genes were ranked based on -log10(p-value)*(sign of log2(fold-change)) resulted from the
differential analysis, with the most up-regulated genes at top and the most down-regulated genes
at bottom. Pre-ranked GSEA was performed on gene rankings using R package fgsea with
10,000 permutations, against Hallmarks, KEGG, BIOCARTA, REACTOME, PID, Gene
Ontology, and ImmuneSigDB databases from MsigDB. The normalized enrichment scores
(NES) were visualized using GraphPad Prism for selected pathways. Full GSEA is reported in
the Supplemental Data Files.

(22) Single-Cell 10X V(D)J Analysis

127.  TCR reads sequenced by 10X V(D)J assay were aligned to human GRCh38
reference transcriplome using Cell Ranger VDJ (v6.1, 10X Genomics) 1o assemble the single
TCR chains. Only the assembled chains that were highly confident, of full-length, and
productive were kept for downstream analysis. Cells with the same amino acid sequences of the
CDR3 regions and V(D)J genes for both TRA and TRB chains were considered originated from
the same clone. These cells were further assigned to cell types based on their annotation of the
paired single-cell RNA assay. Identified TCRs were matched to the known sequences of
neoantigen specific TCRs in each patient. Cells expressing neoantigen specific TCRs were
visualized on UMAP projected generated from paired RNA assay.

(23) Statistical Analysis

128.  All statistical analyses utilized GraphPad Prism v9 (GraphPad Software) with
statistical methods reported in figure legends. Unless otherwise indicated, error bars represent
mean and standard deviation (SD) of technical replicates.

b) Results
(1) Patient 1

129.  Patient 1 was a 49-year-old male who presented with M1c¢ metastatic melanoma
refractory to multiple treatments prior to ACT utilizing TIL. Surgical resection of an
intramuscular arm lesion yielded 48 fragments for TIL generation, resulting in 5.2 x 101°
predominantly CD4" TIL (88%) for infusion 101 days following surgery.? Multiple metastases
were quickly resolved upon ACT, and the patient ultimately achieved an ongoing long-term
complete response (CR) of greater than ten years (Figure 7A and 7B). Infused TIL failed to
produce IFNg in vitro in response to autologous tumor (AT). As the infusion product contained a

low proportion of CD8" T cells, we hypothesized that enriching this fraction would uncover
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tumor specificity given the observed tumor regression following TIL transfer. However, co-
culture with a panel of HLA-matched melanoma tumors still did not elicit IFNg release by the
CD8* TIL (Figure 8A and 8B). As standard methods for tumor reactivity by CD8" T cells did
not seem to reflect the overwhelming clinical response, we posited that necantigen recognition
by CD4" T cells drive the anti-tumor response in vivo.

130. To investigate this, we performed whole exome (WES) and RNA sequencing
(RN ASeq) from surgical tumor tissue in order to determine this patient’s neoantigen repertoire.
In total, 91 non-synonymous mutations were detected and 79 of these mutations were scored by
expression level and predicted binding affinity to the patient’s specific MHC haplotype (Figure
7C). Of these, 65 peptides were amenable to custom synthesis. When pooled and loaded onto
autologous DCs, efficient stimulation of the TIL infusion product was detected via upregulation
of 0X40 and 4-1BB, markers of antigen-specific T cell activation. This response was confined
{0 the CD4" TIL [raction, with minimal stimulation of the CD8" T cells (Figure 7D). Further
evaluation indicated that the neoantigen peptide pool elicited a multifaceted effector response
from these TIL, with the release of the cytolytic enzyme granzyme B, and the critical anti-tumor
cytokines, IFNg and TNFa (Figure 7E).

131.  To determine precisely which neoantigens were driving the observed reactivity,
we pulsed each mutated peptide individually onto APCs, followed by co-culture with the infused
TIL product. Only one of the 65 peptides (peptide 60, P60) produced significant signal from the
TIL product in terms of co-stimulatory molecule induction and cytokine secretion. Again, this
reactivity was produced exclusively by the CD4* TIL compartment (Figure 7F). Moreover, the
complement of effector molecules released in response to P60 recapitulated the response to the
pooled peptides (Figure 7G). Peptide 60 was identified as a mutated variant of the SIO0A11
protein, which carried a Q22R amino acid conversion derived from a non-synonymous T>C
substitution. WES and RNASeq confirmed substantial expression of this antigen in
approximately 40% of the sequenced reads from the patient’s tumor tissue (Figure 9A). Further,
S100A11%R ranked as the highest prioritized neoantigen from this patient (Figure 7C).

132.  We synthesized the cognate wildtype (WT) peptide to ensure that these CD4" T
cells were specific for the mutated SI00A11%?R peptide. Patient 1°s TIL did not produce IFNg
in response to WT peptide, indicating specific recognition of the mutated version of this
neoantigen (Figure 7H). Further interrogation by flow cytometry revealed that the CD4* TIL
response to the S100A112%?R peptide induced upregulation of additional surface markers of
activation, including LAG-3, PD-1, TIM3, CD25, and CD69, while expression of CD127 and

CXCR3 were reduced. Intracellular staining revealed substantial production of Granzyme B,
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IFNg, TNFa, and CD107a, indicative of functional degranulation and effector cytokine
production (Figure 7I). Neoantigen-directed cytokine release was abrogated when target cells
were pre-coated with either a pan-MHC Class 11 or HLA-DR antibody, but not with an HLA-DP
or HLA-DQ antibody (Figure 10A). RNA expression of the HLA-DR subunits in preserved
tumor tissue supported neoantigen presentation by HLA-DR as a mechanism for anti-tumor
recognition by CD4" TIL (Figure 9B). Minimal epitope screening of 12- to 16mer peptides
spanning the full 25mer mutant peptide sequence indicated a critical recognition motif near the
C-terminus (Figure 11A).

133.  To better understand the impact of CD4* TIL recognition of aberrant SI00A11
expression by targets, we performed an in vitro cytotoxicity assay. Utilizing live cell imaging,
we found that CD4" TIL rapidly clustered with target cells loaded with S100A112%2R peptide,
indicating efficient recognition and interaction. Over the course of six hours, target cells pulsed
with mutant peptide were eliminated in a dose-dependent manner, as determined by decreased
target cell count and increased overlap of cleaved caspase 3/7 staining in target cells over time.
These effects were not observed when targets were pulsed with WT S100A11 peptide, again
demonstrating specificity of the CD4* TIL response (Figure 10B and Figure 11B).

134.  Neoantigen-reactive TIL were enriched through fluorescence-activated cell
sorting (FACS) by upregulation of 0X40 and 4-1BB (Figure 11C). A single dominant clone
(>80%) with paired TRAV6 and TRBV 18 chains that recognized S100A11%*%*® was identified
via TCRbD and single cell TCR sequencing. TRC-T were engineered with the full-length TCR
sequence and co-cultured with APCs bearing S100A119*R and S100A11%T peptide. The TCR-T
produced high levels of effector cytokines (IFNg, TNFa, and Granzyme B), which was
dependent on alignment of TCR, peptide, and MHC Class 11 (Figure 10C). Surface upregulation
of 4-1BB, rather than OX40, governed this response for both CD4" and CD&* TCR-T (Figure
10D). Despite CD8* TCR-T activation, production of IFNg was not hindered by MHC Class I
blockade, indicating that the CD8"* TCR-T cells directly recognized the peptide-MHC Class II
complex independent of the CD8 co-receptor.

135.  Utilizing the TCRb sequence, we tracked the CD4* S100A11%*R-specific clone
throughout longitudinal patient peripheral blood samples to understand the persistence and
trajectory of this clone during the patient’s anti-tumor response. At infusion, this clone
comprised 17% of the bulk TIL product, the 2™-most abundant clone at the time of ACT (Figure
12A). After one week (W1), this clone expanded to become the most prevalent clone, at nearly
40% of the peripheral repertoire. Of the top ten clones in the infusion product, this represented

the largest fold increase immediately after infusion, indicating an initial clonal expansion. At
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W2, this clone maintained a 40% increase over its infusion frequency. After this time point, the
endogenous T cell repertoire typically rebounds sharply from lymphodepletion, effectively
diluting the frequency of adoptively transferred TIL.” Nevertheless, the S100A11¥?R_specific
clone remained in the top 50 clones (45™) at least six weeks following infusion, indicating high
persistence in the peripheral blood and indicating a sustained response to this neoantigen during
the patient’s clinical response (Figure 12B and 7B).

136.  To further characterize this neoantigen-reactive CD4" T cell clone and to better
understand its relationship with other infused CD4" TIL, tandem scRNASeq and TCRSeq were
performed. Including Patient 1, the CD4" TIL product from six metastatic melanoma patients
were sequenced in this retrospective analysis, each previously treated with ACT on completed
clinical trials at MCC. In total, 4,903 CD4" T cells were sequenced followed by unsupervised
clustering (Figure 13A). Patient samples were distributed evenly across the uniform manifold
approximation and projection (UMAP) and TCR expression was verified by VDJ recombination
(Figures 13B and 13C). T cell clusters (C1-9) were annotated according to canonical gene
modules and further characterized by the top differentially expressed genes (DEG) and genes
that enriched in neoantigen-specific CD4" T cells (Figure 13D, 13E, and 13F).

137.  The S100A11%?R-specific CD4" TIL clone was widely distributed across the
UMAP clusters, with the exception of C8 indicating a lack of RORC+ Th17-like cells. The
overall clonal profile was enriched for clusters C3, C5, and C9, consistent with T cells bearing
an activated, cytotoxic and exhausted program, when compared to the residual CD4" TIL (rCD4)
from this patient (Figure 12C and 12D). The S100A119?R_specific CD4" TIL were expressed
genes derived from neoantigen-specific CD4" T cell signatures (Figure 12E and Figure 13F).
Furthermore, this alignment with known markers of neoantigen reactivity was dictated primarily
by the ST00A11??R_gspecific clone, rather than individual clusters, indicating high similarity
between CD4" T cells within this clone. The hallmark clonal genes included LAG3, IFNG,
chemokines and MHC Class II molecules, which were significantly upregulated in comparison
to rCD4 TIL (Figure 12F). Gene set enrichment analysis (GSEA) revealed pathways involved in
MHC Class II antigen processing and presentation, IFNg signaling, T cell cytotoxicity, and
allograft rejection (Figure 12G and Table 1). These modules were highly conserved across the
clusters for the S100A11¥?R_specific CD4" TIL clone in comparison to rCD4. Together, these
data support the S100A11%®-reactive CD4" TIL as a neoantigen specific, activated, effector T

cell clone with cytotoxic capabilities, consistent with the functional activity of these CD4" TIL.
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(2) Patient 2

138.  To determine whether neoantigen-specific CD4* TIL were present in other long-
term responders to ACT with TIL, we investigated an additional metastatic melanoma patient
treated with TIL. Patient 2’s TIL product contained 88% CD8" T cells and efficiently eradicated
the patient’s tumor burden following ACT, resulting in a CR and PFS of 60 months (Figure 14A
and 14B). The bulk infusion product was highly reactive to AT in vitro, however further
interrogation demonstrated evidence of tumor-reactive CD4" TIL when pre-selected by IFNg
secretion (Figure 15A and 15B).

139. Mutanome analysis of Patient 2’s tumor identified 1631 non-synonymous
mutations, of which 147 neoantigen peptides were synthesized and pulsed onto autologous
APCs as a peptide pool (Figure 15C). CD4* TIL were preferentially activated as observed by 4-
1BB and OX40 induction (Figure 14C). As with Patient 1, this corresponded with Granzyme B,
IFNg, and TNFa secretion (Figure 14D). TIL [rom Patient 2 were sorted on upregulation of 4-
1BB and OX40, which resulted in a dramatic population shift toward CD4' TIL (NeoAg CD4)
(Figure 15D). When the NeoAg CD4 were screened against each individual mutant peptide, six
neoantigen ‘hits’ stimulated a robust CD4" T cell activation via IFNg release, indicating the
presence of at least six neoantigen-reactive CD4" TIL clones (Figure 14E). Utilizing live cell
imaging, NeoAg CD4 TIL rapidly formed T cell-target complexes in vifro, resulting in induction
of cleaved caspase 3/7 and dose-dependent elimination of MHC-IT" AT cells (Figure 14F, 14G,
Figure 15E). Each neoantigen response was efficiently abrogated in the presence of a pan-MHC
Class II blocking antibody, five of which were found to be HLA-DR dependent (H1.4%156M
HMCNIPSSL CUL77780Y, TNS 1768 GATAD2AP?L), while one was HLA-DP dependent
(MY O5AS!SY) (Figure 14H).

140.  In order to deconvolute the precise TIL clone and neoantigen pairs, we sorted
each neoantigen-specific CD4" TIL clone individually. We focused on the top three sorted
clones, which comprised greater than 90% of the sum frequency of the NeoAg CD4 TIL. The
TNS 17S_specific clone represented the 8""-most prevalent clone in the infusion product.
Following infusion, this clone increased in relative frequency to become the 3"-ranked clone at
W2 and peaked at W3 as the top clone in the periphery, representing over 30% of the T cell
repertoire. The TNS1P**S_specific clone continued to maintain relevance throughout the
duration of the patient’s response after this maximum, registering as the 3"-most prevalent clone
in each subsequent peripheral blood draw through ten weeks. The HMCN159%L-gpecific clone
was the 24" ranked clone in the infusion product and similarly peaked at W3 as the 10 most

prevalent clone in the periphery, marked by a five-fold expansion in relative abundance. The
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MY O35 A1 gpecific clone was the 120 ranked clone at time of infusion, peaked at W2, and
preserved similar relative abundance at W10 (Figure 141). Summarily, neoantigen-reactive CD4"
TIL clones persisted in the patient’s periphery and demonstrated the ability to expand following
infusion, indicating clonal amplification and maintenance in response to antigen recognition.

141.  Clonal analysis by scRNASeq demonstrated a strong presence of C3, C4, and C5
in each of the three neoantigen-specific CD4" TIL clones (range: 32-45%). These clusters were
distinguished by genes indicative of activated effector and cytotoxic T cells, including PRE],
GZMA, GZMH, GZMK, and NKG7. As with Patient 1, a broad distribution of TIL from each
identified NeoAg CD4 clone was observed, including notable C2 and C7 clusters. Comparing
NeoAg CD4 to CD4" TIL sorted simultaneously for the absence of OX40 or 4-1BB induction
(nCD4), again revealed that NeoAg CD4 TIL were distinct from their counterparts and enriched
for a subset of genes associated with neoantigen-specific CD4" T cells (Figure 15F).
Cyltotoxicity-associated genes were present in both NeoAg CD4 and nCD4, predominantly in
cluster C6, indicating that additional CD4' TIL capable of tumor cell lysis can also be present
within this sample. Overall, these data supported our in vifro functional data demonstrating that
the NeoAg CD4 TIL clones displayed an effector T cell profile marked by CD4-mediated AT-
directed cytotoxicity.

(3) Patients 3 and 4

142, Next, we investigated whether neoantigen-reactive CD4" TIL were present in the
infusion product from patients who were non-responders to ACT with TIL. Patients 3 and 4
were each treated with predominantly tumor-reactive CD8"* TIL (97% and 58%, respectively) in
the combination therapy setting (Figure 16A). Patient 3 reached stable disease with a PFS of
seven months, while Patient 4 had a PFS of 10 months. We again pursued neoantigen
identification from WES and RNASeq and evaluated the infused TIL from Patient 3 and 4 for
reactivity against 192 and 191 neoantigen peptides, respectively (Figure 16B).

143.  Patient 3’s TIL product contained both CD4" and CD8" neoantigen-specific TIL,
yet a greater proportion of the CD4" T cells were activated in response to the mutant peptide
pool (Figure 17A). This corresponded with [FNy, TNFo.,, and Granzyme B secretion, indicating
the presence of potent effector T cells capable of a cytotoxic response (Figure 17B). Individual
peptide screening uncovered four mutated neoantigen hits that each induced IFNy production
from TIL (Figure 17C). As CD4" T cells were in the minority of the TIL product, we enriched
for CD4" TIL for further analysis (Figure 16C). Following CD4-enrichment, reactivity was
maintained in response to three of the four neoantigen peptide hits, indicating these responses

were directed by CD4" T cells, while the response to STAM2P*L was due to CD8" T cell
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reactivity. Blockade by pan-MHC Class 1l and HLA-DR-specific antibodies confirmed that
recognition of MVPL22IF ARFGEF1P1337L and TENM1%*3R each occurred via CD4* T cell
activation in the context of HLA-DR loaded with neoantigen peptide (Figure 17D). To further
investigate whether CD4" TIL were able to directly respond to the patient’s tumor, we
engineered the AT to enforce MHC Class II expression utilizing the Class II MHC
Transactivator (CIITA) construct. CD4" TIL responded to peptide-pulsed AT-CIITA via
increased OX40 and 4-1BB expression on the cell surface as well as substantial effector
molecule secretion, including the cytotoxic serine protease Granzyme B (Figure 17E and Figure
16D). Altogether these data indicated that CD4" TIL from Patient 3 were able to recognize and
respond to neoantigens presented directly on MHC Class II-competent tumor cells and APCs.

144. CD4" TIL also dominated the neoantigen response observed in Patient 4. In
addition to robust effector molecule secretion, the majority of CD4" T cells upregulated OX40
and 4-1BB upon mutant peptide stimulation (Figures 5F and 5G). Following neoantigen-directed
sorting, individual peptide screening indicated two neoantigen peptide hits (SLC15A4%7!S and
NCLNP!2ty were responsible for the CD4* TIL stimulation (Figure 17H). The CD4* T cell
response was efficiently abrogated via HLA-DQ or HLA-DR blockade, indicative of the MHC
Class 11 component restriction for SLC15A4%7!S and NCLNP*2H respectively (Figure 171).
CD4" TIL were sorted for clonal enrichment in response to the individual neoantigen hits.
Longitudinal clonal tracking of the two dominant sorted neoantigen-specific CD4" TIL clones
showed relative stability in vivo after ACT followed by a moderate dilution in clonal frequency
over time (Figure 17J). Analysis by scRNASeq showed substantial C1 (IL7R), C3 (activated)
and C7 (Th2-like) cluster presence within the profiles of each of these clones. Only the
SLC15A497 S gpecific CD4" clone clustered into C4 and C5, indicative of activated and
cytotoxic T cells, although the relatively small clonal size of the NCLNF#?H_gpecific CD4* TIL
clone may have influenced this cluster distribution (Figure 17K). The effector profile and strong
persistence of the SLC15A4%7S-specific CD4" TIL indicated that this clone was therapeutically
relevant following ACT, although overall this patient did not respond to the TIL infusion.

¢) Discussion

145.  Detection of antigen-specific CD4" T cells within the tumor microenvironment
and circulating in the periphery of cancer patients led to early case studies investigating their
efficacy in ACT. While these studies reported impressive initial successes harnessing this T cell
population, CD4" T cells remain an underexplored source of potent and capable anti-tumor
effectors. Here, we studied the TIL infusion product from previously treated metastatic

melanoma patients to better understand the nature of neoantigen-specific CD4" TIL.
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146.  Using a series of case studies, we investigated the CD4" TIL compartment from
four individuals previously treated with ACT utilizing TIL at MCC, each having a varying
response to therapy and composition of infusion product. We discovered between one and six
previously undetected neoantigen-specific CD4" TIL clones per patient (1-4%), in line with
other reports employing similar methodologies across multiple tumor types. Notably, 12 of the
13 neoantigen-specific clones detected were CD4" T cells. Yossef and colleagues found a
similar dominance of neoantigen reactivity by CD4" T cells in metastatic epithelial cancer,
indicating that CD4" TIL are predisposed to detection and response to this particular type of
tumor antigen. Tumor reactivity against AT and HLA-matched tumor was previously detected in
the CD8-dominant TIL products of Patients 2-4, indicating that the CD8" T cells present
predominantly recognize shared antigens. Current standards within the field are ineffective and
inefficient in terms of identification and inclusion of antigen-specific CD4" T cells within
traditional ACT products utilizing TIL, reinlorcing the need to continue 1o develop strategies 10
investigate their presence and utility.

147, The identified neoantigen-specific CD4" TIL responded to tumor antigens
primarily via secretion of the effector molecules IFNg, TNFa, and Granzyme B. Additionally,
these CD4" TIL displayed direct anti-tumor cytotoxic capacity, which underscored their
immense immunotherapeutic potential. We demonstrated that both MHC Class II-competent
tumor cells and APCs were able to efficiently induce an effector response from neoantigen-
specific CD4" TIL, indicating that each interaction play a role in vivo during the T cell-mediated
anti-tumor immune response. Endogenous or induced expression of MHC Class I1 proteins
represent readily available targets for tumor-specific CD4" TIL and consequently a mechanism
for direct tumor cell lysis. Oh and colleagues reported similar findings regarding the ability of
CD4" T cells isolated from bladder cancer to kill tumor cells in an MHC Class IT and Granzyme
B-dependent manner, as implicated in our present study.

148.  Neoantigens were prioritized on expression at the RNA level and theoretical
binding affinity to each patient’s respective HLA molecules for practicality. As such, additional
tumor-specific CD4" TIL clones may have been present within the TIL product and potentially
excluded. We demonstrated an ability to select and expand these neoantigen-specific CD4" TIL
based on induction of 0X40 and 4-1BB, accepted markers of tumor antigen recognition.
Infusion of a TIL product enriched with neoantigen-specific CD4" TIL represents a highly
personalized therapy, especially as all immunogenic mutations discovered here and across other
studies were found to be unique. Inclusion of neoantigen-specific CD4" T cells into TIL

products which already contain tumor-specific CD8" T cells effectively broadens the application
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of this therapeutic approach. Improved selection of TIL based on antigen recognition ensures a
highly specific and potent T cell product and can reduce the current standard of up to tens of
billions of TIL for infusion. We also demonstrated that a neoantigen-reactive TCR isolated from
CD4" TIL can be utilized for generation of a highly potent TCR-T product. This represents an
additional strategy for immunotherapeutic application of neoantigen-specific CD4" T cells, with
broader implications depending on the antigen.

149.  Clonal tracking revealed a rapid increase in relative frequency for the majority of
analyzed neoantigen-specific CD4" TIL clones in the periphery of patients following ACT.
These data support the hypothesis that tumor-reactive CD4* T cells underwent clonal expansion
upon recognition of cognate mutated peptides in vivo. This pattern was consistent between high
and low frequency infused TIL clones, indicating a functional response rather than homeostatic
proliferation. Specifically in Patient 1, the CD4" TIL clone that recognized S100A11%?2R peaked
al nearly 40% ol the entire peripheral blood T cell repertoire. Coupled with substantial
neoantigen expression in the resected tumor, a robust clonal CD4' T cell effector profile, and a
lack of detectable CD8" T cell reactivity, we surmised that this neoantigen-specific clone
contributed to the regression of this patient’s tumors and resultant CR. Similarly, the infusion
product for Patients 2 and 4 contained neoantigen-specific CD4* TIL clones that transiently
increased in relative frequency, again indicating antigen detection and expansion iz vivo.
Overall, the maintenance of tumor-reactive CD4" T cell clones in the periphery following TIL
transfer demonstrated persistence of these clones during a critical interval for therapeutic
response. Persistence of transferred T cells has been implicated in positive outcomes for patients
receiving ACT of TIL and CAR T Cells, including the detection of activated cytotoxic CD4* T
cells in long-term responders.

150.  Clonal analysis by scRNASeq supported the specificity and function of the
discovered neoantigen-specific CD4" TIL clones. The S100A11%R-reactive CD4" TIL from
Patient 1 demonstrated a profile marked by relative enrichment of activated and cytotoxic T cells
as well as elevated transcripts associated with neoantigen specificity. Similarly, neoantigen-
specific CD4" clones isolated from Patients 2 and 4 also clustered into activated effector T cell
subsets, which corresponded with direct anti-tumor responses iz vitro. In addition to cytolytic
and cytokine gene modules, SI00A11%?R_specific CD4" TIL from Patient 1 expressed high
levels of LAG-3, MHC Class II molecules, and chemokines. LAG-3 functions as a direct co-
inhibitor for CD4" T cells via impaired peptide-MHC Class II interactions and is therefore a
marker of antigen experience and tumor-specific T cells. Targeting LAG-3 can serve as a

strategy to release negative regulation and further enrich for neoantigen-reactive CD4" T cells.
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MHC Class 1l and LAG-3 expression are also associated with T cell exhaustion possibly as a
consequence of repeated antigen exposure, though relatively few neoantigen-specific CD4" TIL
clustered into the exhausted state by scRNASeq. Induction of MHC Class I on CD4" T cells has
been observed following T cell activation and indicates that CD4" TIL is able to present MHC
Class II peptides. The conditions and application of this mechanism require further interrogation
but are supported by the GSEA data herein. Neoantigen-specific induction of chemokine
production by CD4* TIL indicated that these T cells can orchestrate a larger immune response,
including attraction of CD8" T cells, additional CD4" T cells, DCs, and macrophages.
Surprisingly, we did not detect substantial expression of CXCL13 at the RNA level amongst our
neoantigen-reactive CD4" TIL clones, as recently reported, indicating that tertiary lymphoid
structure (TLS) formation is not critical to the anti-tumor activity here. Notably, the neoantigen-
specific CD4" TIL clones demonstrated a high degree of similarity between clusters, indicating a
distinct profile of the neoantigen-specific CD4" T cells when compared (o other CD4" T cell
clones from the same patients.

151.  We discovered undetected and uncharacterized clones of CD4" TIL, which
demonstrated evidence of tumor-reactivity in vitro and in vivo. Our retrospective analysis
supports a functional role for neoantigen-specific CD4" TIL in patient responses to ACT and
underscores the importance of identifying these cells for enrichment and inclusion in TIL
infusion products.
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F. Sequences
SEQ ID NO: 1 TCRa CDR3 amino acid sequence for consensus 6
CALDFTGGGNKLTF

SEQ ID NO: 2 TCRa CDR3 nucleic acid sequence for consensus 6
TGTGCTCTAGATTTCACGGGAGGAGGAAACAAACTCACCTTT
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SEQ ID NO: 3 TCRb CDR3 amino acid sequence for consensus 6
CASSPSTGGIGDTQYF

SEQ ID NO: 4 TCRb CDR3 nucleic acid sequence for consensus 6
TGTGCCAGCTCACCCTCGACAGGGGGGATTGGAGATACGCAGTATTTT

SEQ ID NO: 5 TCRa nucleic acid sequence for consensus 6
GAGTATTTCCTACCCCCTCAGAGCCTGTCTCAGATGTGAAACGAAGTTCACTGCATA
GCTGGATTAGGCCAGTATGTGTAAGGGGCTGAACAGGCTTGCCATTGATTGGCTGG
ATAGGAAGGCCAGAACTTCCTTCTAGGGGTAGAAGAACCCCAGTAACACCTATCAA
ACTAAACAGAATGGCTTTTTGGCTGAGAAGGCTGGGTCTACATTTTAGGCCACATTT
GGGGAGACGAATGGAGTCATTCCTGGGAGGTGTTTTGCTGATTTTGTGGCTTCAAGT
GGACTGGGTGAAGAGCCAAAAGATAGAACAGAATTCCGAGGCCCTGAACATTCAG
GAGGGTAAAACGGCCACCCTGACCTGCAACTATACAAACTATTCTCCAGCATACTT
ACAGTGGTACCGACAAGATCCAGGAAGAGGCCCTGTTTTCTTGCTACTTATACGTGA
AAATGAGAAAGAAAAAAGGAAAGAAAGACTGAAGGTCACCTTTGATACCACCCTT
AAACAGAGTTTGTTTCATATCACAGCCTCCCAGCCTGCAGACTCAGCTACCTACCTC
TGTGCTCTAGATTTCACGGGAGGAGGAAACAAACTCACCTTTGGGACAGGCACTCA
GCTAAAAGTGGAACTCAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAG
ACT

SEQ ID NO: 6 TCRb nucleic acid sequence for consensus 6
AGCTGTGAGGTCTGGTTCCCCGACGTGCTGCAGCAAGTGCCTTTGCCCTGCCTGTGG
GCTCCCTCCATGGCCAACTCTGCTATGGACACCAGAGTACTCTGCTGTGCGGTCATC
TGTCTTCTGGGGGCAGGTCTCTCAAATGCCGGCGTCATGCAGAACCCAAGACACCT
GGTCAGGAGGAGGGGACAGGAGGCAAGACTGAGATGCAGCCCAATGAAAGGACAC
AGTCATGTTTACTGGTATCGGCAGCTCCCAGAGGAAGGTCTGAAATTCATGGTTTAT
CTCCAGAAAGAAAATATCATAGATGAGTCAGGAATGCCAAAGGAACGATTTTCTGC
TGAATTTCCCAAAGAGGGCCCCAGCATCCTGAGGATCCAGCAGGTAGTGCGAGGAG
ATTCGGCAGCTTATTTCTGTGCCAGCTCACCCTCGACAGGGGGGATTGGAGATACGC
AGTATTTTGGCCCAGGCACCCGGCTGACAGTGCTCGAGGACCTGAAAAACGTGTTC
CCACCCGAGGTCGCTGTGTTTGAGCCATCAGA

General design considerations:
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Codon optimized sequence with the following structure: TRBV-mouseTRBC-furin-
P2A-TRAV-mouseTRAC-stop codon. A fully human version was also generated, where the

natural constant regions were preserved. CDR3s shown in bold.

SEQ ID NO: 7 TRBYV nucleotide sequence
ATGGACACCAGAGTGCTGTGCTGCGCCGTGATCTGCCTGCTGGGCGCCGGCCTGAG
CAACGCCGGCGTGATGCAGAACCCCAGACACCTGGTGAGGAGGAGGGGCCAGGAG
GCCAGACTGAGATGCAGCCCCATGAAGGGCCACAGCCACGTGTACTGGTACAGGCA
GCTGCCCGAGGAGGGCCTGAAGTTCATGGTGTACCTGCAGAAGGAGAACATCATCG
ACGAGAGCGGCATGCCCAAGGAGAGGTTCAGCGCCGAGTTCCCCAAGGAGGGCCC
CAGCATCCTGAGAATCCAGCAGGTAGTGAGAGGAGACAGCGCAGCATACTTCTGC
GCCAGCAGCCCCAGCACCGGCGGCATCGGCGACACCCAGTACTTCGGCCCCGG
CACCAGGCTGACCGTGCTG

SEQ ID NO: 8 TRAV nucleotide sequence
ATGGCCTTCTGGCTGAGAAGGCTGGGCCTGCACTTCAGGCCCCACCTGGGCAGAAG
GATGGAGAGCTTCCTGGGCGGCAGTGCTGCTGATCCTGTGGCTGCAGGTGGACTGGG
TGAAGAGCCAGAAGATCGAGCAGAACAGCGAGGCCCTGAACATCCAGGAGGGCAA
GACCGCCACCCTGACCTGCAACTACACCAACTACAGCCCCGCCTACCTGCAGTGGT
ACAGGCAGGACCCCGGCAGAGGCCCCGTGTTCCTGCTGCTGATCAGGGAGAACGAG
AAGGAGAAGAGGAAGGAGAGACTGAAGGTGACCTTCGACACCACCCTGAAGCAGA
GCCTGTTCCACATCACCGCCAGCCAGCCCGCCGACAGCGCCACCTACCTGTGCGCC
CTGGACTTCACCGGCGGCGGCAACAAGCTGACCTTCGGCACCGGCACCCAGCTG
AAGGTGGAGCTG

SEQ ID NO: 9 Full TCR nucleotide sequence
ATGGACACCAGAGTGCTGTGCTGCGCCGTGATCTGCCTGCTGGGCGCCGGCCTGAG
CAACGCCGGCGTGATGCAGAACCCCAGACACCTGGTGAGGAGGAGGGGCCAGGAG
GCCAGACTGAGATGCAGCCCCATGAAGGGCCACAGCCACGTGTACTGGTACAGGCA
GCTGCCCGAGGAGGGCCTGAAGTTCATGGTGTACCTGCAGAAGGAGAACATCATCG
ACGAGAGCGGCATGCCCAAGGAGAGGTTCAGCGCCGAGTTCCCCAAGGAGGGCCC
CAGCATCCTGAGAATCCAGCAGGTAGTGAGAGGAGACAGCGCAGCATACTTCTGC
GCCAGCAGCCCCAGCACCGGCGGCATCGGCGACACCCAGTACTTCGGCCCCGG
CACCAGGCTGACCGTGCTGGAGGATCTGAGAAACGTGACCCCCCCTAAGGTGAGCC
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TGTTTGAGCCTTCCAAGGCCGAGATCGCCAATAAGCAGAAGGCCACACTGGTGTGT
CTGGCCCGCGGCTTCTTTCCAGATCACGTGGAGCTGTCTTGGTGGGTGAACGGCAAG
GAGGTGCACAGCGGAGTGTGCACCGACCCACAGGCCTACAAGGAGTCTAATTACAG
CTATTGTCTGAGCTCCAGGCTGCGCGTGTCCGCCACATTCTGGCACAACCCCAGGAA
TCACTTCCGCTGCCAGGTGCAGTTTCACGGCCTGTCTGAGGAGGATAAGTGGCCTGA
GGGAAGCCCAAAGCCAGTGACCCAGAACATCTCCGCAGAGGCATGGGGAAGGGCA
GACTGTGGCATCACCTCCGCCTCTTATCAGCAGGGCGTGCTGAGCGCCACAATCCTG
TACGAGATCCTGCTGGGCAAGGCCACCCTGTATGCCGTGCTGGTGAGCACACTGGT
GGTCATGGCTATGGTGAAGAGAAAGAACTCCAGGGCAAAGAGAAGCGGATCCGGA
GCCACCAATTTCTCTCTGCTGAAGCAGGCAGGCGACGTGGAGGAGAACCCTGGACC
AATGGCCTTCTGGCTGAGAAGGCTGGGCCTGCACTTCAGGCCCCACCTGGGCAGAA
GGATGGAGAGCTTCCTGGGCGGCGTGCTGCTGATCCTGTGGCTGCAGGTGGACTGG
GTGAAGAGCCAGAAGATCGAGCAGAACAGCGAGGCCCTGAACATCCAGGAGGGCA
AGACCGCCACCCTGACCTGCAACTACACCAACTACAGCCCCGCCTACCTGCAGTGG
TACAGGCAGGACCCCGGCAGAGGCCCCAGTGTTCCTGCTGCTGATCAGGGAGAACGA
GAAGGAGAAGAGGAAGGAGAGACTGAAGGTGACCTTCGACACCACCCTGAAGCAG
AGCCTGTTCCACATCACCGCCAGCCAGCCCGCCGACAGCGCCACCTACCTGTGCGC
CCTGGACTTCACCGGCGGCGGCAACAAGCTGACCTTCGGCACCGGCACCCAGCT
GAAGGTGGAGCTGAACATCCAGAACCCCGAGCCCGCCGTGTACCAGCTGAAGGACC
CCAGAAGCCAGGACAGCACCCTGTGCCTGTTCACCGACTTCGACAGCCAGATCAAC
GTGCCCAAGACAATGGAGAGCGGCACCTTCATCACCGACAAGTGCGTGCTGGACAT
GAAGGCAATGGACAGCAAGAGCAACGGCGCCATCGCCTGGAGCAACCAGACCAGC
TICACCTGCCAGGACATCTTCAAGGAGACCAACGCCACCTACCCCAGCAGCGACGT
GCCCTGCGACGCCACCCTGACCGAGAAGAGCTTCGAGACCGACATGAACCTGAACT
TCCAGAACCTGCTGGTGATCGTGCTGAGAATCCTGCTGCTGAAGGTGGCCGGCTTCA
ACCTGCTGATGACCCTGAGACTGTGGAGCAGCTGA

SEQ ID NO: 10 Full TCR amino acid sequence:
MDTRVLCCAVICLLGAGLSNAGVMQNPRHLVRRRGQEARLRCSPMKGHSHVYWYRQ
LPEEGLKFMVYLQKENIIDESGMPKERFSAEFPKEGPSILRIQQVVRGDSAAYFCASSPST
GGIGDTOQYFGPGTRLTVLEDLRNVTPPKVSLFEPSKAEIANKQKATLVCLARGFFPDHV
ELSWWVNGKEVHSGVCTDPQAYKESNYSYCLSSRLRVSATFWHNPRNHFRCQVQFHG
LSEEDKWPEGSPKPVTQNISAEAWGRADCGITSASYQQGVLSATILYEILLGKATLYAVL
VSTLVVMAMVKRKNSRAKRSGSGATNFSLLKQAGDVEENPGPMAFWLRRLGLHFRPH
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LGRRMESFLGGVLLILWLQVDWVKSQKIEQNSEALNIQEGKTATLTCNYTNYSPAYLQ
WYRQDPGRGPVFLLLIRENEKEKRKERLKVTFDTTLKQSLFHITASQPADSATYLCALD
FIGGGNKLTFGTGTQLKVELNIQNPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPKTME
SGTFITDKCVLDMKAMDSKSNGAIAWSNQTSFTCQDIFKETNATYPSSDVPCDATLTEK
SFETDMNLNFQNLLVIVLRILLLKVAGFNLLMTLRLWSS

SEQ ID NO: 11 TCRa CDR3 amino acid sequence for consensus 1
CAMREGDSNYQLIW

SEQ ID NO: 12 TCRa CDR3 nucleic acid sequence for consensus 1
TGTGCAATGAGAGAGGGCGATAGCAACTATCAGTTAATCTGG

SEQ ID NO: 13 TCRb CDR3 amino acid sequence for consensus 1
CASRWDIQTTDTQYF

SEQ ID NO: 14 TCRb CDR3 nucleic acid sequence for consensus 1
TGTGCCAGCAGATGGGACATCCAAACCACAGATACGCAGTATTTT

SEQ ID NO: 15 TCRa nucleic acid sequence for consensus 1
GCCAGGTTCACTTCACAGTACAGAGTCCTGAAAATAAAGAAGAAAATTTTTTITTAT
CTAGAAAAAGAACCAAACATGTCACTTTCTAGCCTGCTGAAGGTGGTCACAGCTTC
ACTGTGGCTAGGACCTGGCATTGCCCAGAAGATAACTCAAACCCAACCAGGAATGT
TCGTGCAGGAAAAGGAGGCTGTGACTCTGGACTGCACATATGACACCAGTGATCCA
AGTTATGGTCTATTCTGGTACAAGCAGCCCAGCAGTGGGGAAATGATTTTTCTTATT
TATCAGGGGTCTTATGACCAGCAAAATGCAACAGAAGGTCGCTACTCATTGAATTTC
CAGAAGGCAAGAAAATCCGCCAACCTTGTCATCTCCGCTTCACAACTGGGGGACTC
AGCAATGTATTTCTGTGCAATGAGAGAGGGCGATAGCAACTATCAGTTAATCTGGG
GCGCTGGGACCAAGCTAATTATAAAGCCAGATATCCAGAACCCTGACCCTGCCGTG
TACCAGCTGAGAGACT

SEQ ID NO: 16 TCRb nucleic acid sequence for consensus 1

ACCTGGAGCCCCCAGAACTGGCAGACACCTGCCTGATGCTGCCATGGGCCCCCAGC
TCCTTGGCTATGTGGTCCTTTGCCTTCTAGGAGCAGGCCCCCTGGAAGCCCAAGTGA
CCCAGAACCCAAGATACCTCATCACAGTGACTGGAAAGAAGTTAACAGTGACTTGT
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TCTCAGAATATGAACCATGAGTATATGTICCTGGTATCGACAAGACCCAGGGCTGGG
CTTAAGGCAGATCTACTATTCAATGAATGTTGAGGTGACTGATAAGGGAGATGTTCC
TGAAGGGTACAAAGTCTCTCGAAAAGAGAAGAGGAATTTCCCCCTGATCCTGGAGT
CGCCCAGCCCCAACCAGACCTCTCTGTACTTCTGTGCCAGCAGATGGGACATCCAAA
CCACAGATACGCAGTATTTTGGCCCAGGCACCCGGCTGACAGTGCTCGAGGACCTG
AAAAACGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGA

SEQ ID NO: 17 TCRa CDR3 amino acid sequence for consensus 139
CALSFPNY GGSQGNLIF

SEQ ID NO: 18 TCRa CDR3 nucleic acid sequence for consensus 139
TGTGCTCTGAGTTTCCCGAATTATGGAGGAAGCCAAGGAAATCTCATCTTT

SEQ ID NO: 19 TCRb CDR3 amino acid sequence for consensus 139
CASSREDRGPALRTIYF

SEQ ID NO: 20 TCRb CDR3 nucleic acid sequence for consensus 139
TGTGCCAGCAGTAGAGAGGACAGGGGACCGGCTCTCCGCACCATATATTTT

SEQ ID NO: 21 TCRa nucleic acid sequence for consensus 139
GACTGTGATTTCTTCATGTTAAGGATCAAGACCATTATTTGGGTAACACACTAAAGA
TGAACTATTCTCCAGGCTTAGTATCTCTGATACTCTTACTGCTTGGAAGAACCCGTG
GAAATTCAGTGACCCAGATGGAAGGGCCAGTGACTCTCTCAGAAGAGGCCTTCCTG
ACTATAAACTGCACGTACACAGCCACAGGATACCCTTCCCTTTTCTGGTATGTCCAA
TATCCTGGAGAAGGTCTACAGCTCCTCCTGAAAGCCACGAAGGCTGATGACAAGGG
AAGCAACAAAGGTTTTGAAGCCACATACCGTAAAGAAACCACTTCTTTCCACTTGG
AGAAAGGCTCAGTTCAAGTGTCAGACTCAGCGGTGTACTTCTGTGCTCTGAGTTTCC
CGAATTATGGAGGAAGCCAAGGAAATCTCATCTTTGGAAAAGGCACTAAACTCTCT
GTTAAACCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACT

SEQ ID NO: 22 TCRbD nucleic acid sequence for consensus 139
ATTCTTTCTTCAAAGCAGCCATGGGAATCAGGCTCCTCTGTCGTGTGGCCTTTTGTTT
CCTGGCTGTAGGCCTCGTAGATGTGAAAGTAACCCAGAGCTCGAGATATCTAGTCA
AAAGGACGGGAGAGAAAGTTTTTCTGGAATGTGTCCAGGATATGGACCATGAAAAT
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ATGTTCTGGTATCGACAAGACCCAGGTCTGGGGCTACGGCTGATCTATTTCTCATAT
GATGTTAAAATGAAAGAAAAAGGAGATA

SEQ ID NO: 23 TCRa CDR3 amino acid sequence for consensus 153
CILRAQTGANNLFF

SEQ ID NO: 24 TCRa CDR3 nucleic acid sequence for consensus 153
TGCATCCTGAGAGCTCAAACTGGGGCAAACAACCTCTTCTTT

SEQ ID NO: 25 TCRb CDR3 amino acid sequence for consensus 153
CASSLTGATNTEAFF

SEQ ID NO: 26 TCRb CDR3 nucleic acid sequence for consensus 153
TGTGCCAGCAGCCTTACAGGGGCCACTAACACTGAAGCTTTCTTT

SEQ ID NO: 27 TCRa nucleic acid sequence for consensus 153
GGGGGGTTCATTCTTTTTGCCACCTTGTGCTTTGTTTATATTTTTTCCTTACGAGGAG
CCTTTTCTATCTTTGGCTGACGATTTCTGGGGAGGGGGAAAATTGAAACCTGCCTGA
TGTGGGATGTGCTGTGGCTGCTGCTTTGTTGCTTGGGACCTCCTCTGACCTAGGATC
AGACACAGAGTCTGAGTTCTGGGGCCTGGAACCTCAATGTGCACTTGAACAATGAA
GTTGGTGACAAGCATTACTGTACTCCTATCTTTGGGTATTATGGGTGATGCTAAGAC
CACACAGCCAAATTCAATGGAGAGTAACGAAGAAGAGCCTGTTCACTTGCCTTGTA
ACCACTCCACAATCAGTGGAACTGATTACATACATTIGGTATCGACAGCTTCCCTCCC
AGGGTCCAGAGTACGTGATTCATGGTCTTACAAGCAATGTGAACAACAGAATGGCC
TCTCTGGCAATCGCTGAAGACAGAAAGTCCAGTACCTTGATCCTGCACCGTGCTACC
TTGAGAGATGCTGCTGTGTACTACTGCATCCTGAGAGCTCAAACTGGGGCAAACAA
CCTCTTCTTTGGGACTGGAACGAGACTCACCGTTATTCCCTATATCCAGAACCCTGA
CCCTGCCGTGTACCAGCTGAGAGACT

SEQ ID NO: 28 TCRb nucleic acid sequence for consensus 153
GGGTTACCACTTATTTTTATTTGGTGGTTGTAAAATTTTTTCCCTGGGGGGACTGTGG
GAACTGCTCTGTGGCGACAAGGACGTCCCTCATCCTCTGTTTATGGGGACAGTGACC
CTGATCTGGTAAAGCTCCCATCCTGCCCTGACCCTGCCATGGGCACCAGCCTCCTCT
GCTGGATGGCCCTGTGTCTCCTGGGGGCAGATCACGCAGATACTGGAGTCTCCCAG
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GACCCCAGACACAAGATCACAAAGAGGGGACAGAATGTAACTTTICAGGTGTGATCC
AATTTCTGAACACAACCGCCTTTATTGGTACCGACAGACCCTGGGGCAGGGCCCAG
AGTTTCTGACTTACTTCCAGAATGAAGCTCAACTAGAAAAATCAAGGCTGCTCAGTG
ATCGGTTCTCTGCAGAGAGGCCTAAGGGATCTTTCTCCACCTTGGAGATCCAGCGCA
CAGAGCAGGGGGACTCGGCCATGTATCTCTGTGCCAGCAGCCTTACAGGGGCCACT
AACACTGAAGCTTTCTTITGGACAAGGCACCAGACTCACAGTTGTAGAGGACCTGAA
CAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGA

SEQ ID NO: 29 TCRa CDR3J amino acid sequence for consensus 189
CAVSDPRYGQNFVF

SEQ ID NO: 30 TCRa CDR3 nucleic acid sequence for consensus 189
TGTGCTGTGAGTGATCCTCGCTATGGTCAGAATTTTGTCTTT

SEQ ID NO: 31 TCRb CDR3 amino acid sequence for consensus 189
CASSLSRGKGYGYTF

SEQ ID NO: 32 TCRb CDR3 nucleic acid sequence for consensus 189
TGTGCCAGCAGTCTTTCTAGGGGAAAGGGCTATGGCTACACCTTC

SEQ ID NO: 33 TCRa nucleic acid sequence for consensus 189
TITTGAAACCCTTCAAAGGCAGAGACTTGTCCAGCCTAACCTGCCTGCTGCTCCTAG
CTCCTGAGGCTCAGGGCCCTTGGCTTCTGTCCGCTCTGCTCAGGGCCCTCCAGCGTG
GCCACTGCTCAGCCATGCTCCTGCTGCTCGTCCCAGTGCTCGAGGTGATTTTTACCCT
GGGAGGAACCAGAGCCCAGTCGGTGACCCAGCTTGGCAGCCACGTCTCTGTCTCTG
AGGGAGCCCTGGTTCTGCTGAGGTGCAACTACTCATCGTCTGTTCCACCATATCTCT
TCTGGTATGTGCAATACCCCAACCAAGGACTCCAGCTTCTCCTGAAGTACACAACAG
GGGCCACCCTGGTTAAAGGCATCAACGGTTTTGAGGCTGAATTTAAGAAGAGTGAA
ACCTCCTTCCACCTGACGAAACCCTCAGCCCATATGAGCGACGCGGCTGAGTACTTC
TGTGCTGTGAGTGATCCTCGCTATGGTCAGAATTTTGTCTTTGGTCCCGGAACCAGA
TTGTCCGTGCTGCCCTATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGAC
T

SEQ ID NO: 34 TCRb nucleic acid sequence for consensus 189
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GAGAGTCCTGCTCCCCTTTCATCAATGCACAGATACAGAAGACCCCTCCGTCATGCA
GCATCTGCCATGAGCATCGGCCTCCTGTGCTGTGCAGCCTTGTCTCTCCTGTGGGCA
GGTCCAGTGAATGCTGGTGTCACTCAGACCCCAAAATTCCAGGTCCTGAAGACAGG
ACAGAGCATGACACTGCAGTGTGCCCAGGATATGAACCATGAATACATGTCCTGGT
ATCGACAAGACCCAGGCATGGGGCTGAGGCTGATTCATTACTCAGTTGGTGCTGGT
ATCACTGACCAAGGAGAAGTCCCCAATGGCTACAATGTCTCCAGATCAACCACAGA
GGATTTCCCGCTCAGGCTGCTGTCGGCTGCTCCCTCCCAGACATCTGTGTACTTCTGT
GCCAGCAGTCTTTCTAGGGGAAAGGGCTATGGCTACACCTTCGGTTCGGGGACCAG
GTTAACCGTTGTAGAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGITTGA
GCCATCAGA

SEQ ID NO: 35 TCRa CDR3 amino acid sequence for consensus 1667
CAALNY GGSQGNLIF

SEQ ID NO: 36 TCRa CDR3 nucleic acid sequence for consensus 1667
TGTGCTGCCTTGAATTATGGAGGAAGCCAAGGAAATCTCATCTTT

SEQ ID NO: 37 TCRb CDR3 amino acid sequence for consensus 1667
CASSQDARGANVLTF

SEQ ID NO: 38 TCRb CDR3 nucleic acid sequence for consensus 1667
TGCGCCAGCAGCCAAGACGCGCGAGGGGCCAACGTCCTGACTTTC

SEQ ID NO: 39 TCRa nucleic acid sequence for consensus 1667
GCTCTTCCGATCTGGCTCGAAGGACATTACATAAACCGTTGTGGTGTATGGGGAAGT
AAAACTGTAAATGTTCTTAAGTGTGCATTTCTGCTGCTTCTGATGGGCTGAAAATCC
CCTTTGATTTCTAAAGTAAATGTAGAGACGTTTTAAAAATAAAGGACTCCTTTGTCC
AAGATATATTCCGAAATCCTCCAACAGAGACCTGTGTGAGCTTCTGCTGCAGTAATA
ATGGTGAAGATCCGGCAATTTTTGTTGGCTATTTTGTGGCTTCAGCTAAGCTGTGTA
AGTGCCGCCAAAAATGAAGTGGAGCAGAGTCCTCAGAACCTGACTGCCCAGGAAG
GAGAATTTATCACAATCAACTGCAGTTACTCGGTAGGAATAAGTGCCTTACACTGGC
TGCAACAGCATCCAGGAGGAGGCATTGTTTCCTTGTTTATGCTGAGCTCAGGGAAG
AAGAAGCATGGAAGATTAATTGCCACAATAAACATACAGGAAAAGCACAGCTCCCT
GCACATCACAGCCTCCCATCCCAGAGACTCTGCCGTCTACATCTGTGCTGCCTTGAA
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TTATGGAGGAAGCCAAGGAAATCTCATCTTTGGAAAAGGCACTAAACTCTCTGTITA
AACCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACT

SEQ ID NO: 40 TCRbD nucleic acid sequence for consensus 1667
AGAGGCCCCATCTCAGACCCGAGGCTAGCATGGGCTGCAGGCTGCTCTGCTGTGCG
GTTCTCTGTCTCCTGGGAGCAGTTCCCATAGACACTGAAGTTACCCAGACACCAAAA
CACCTGGTCATGGGAATGACAAATAAGAAGTCTTTGAAATGTGAACAACATATGGG
GCACAGGGCTATGTATTGGTACAAGCAGAAAGCTAAGAAGCCACCGGAGCTCATGT
TTGTCTACAGCTATGAGAAACTCTCTATAAATGAAAGTGTGCCAAGTCGCTTCTCAC
CTGAATGCCCCAACAGCTCTCTCTTAAACCTTCACCTACACGCCCTGCAGCCAGAAG
ACTCAGCCCTGTATCTCTGCGCCAGCAGCCAAGACGCGCGAGGGGCCAACGTCCTG
ACTTTCGGGGCCGGCAGCAGGCTGACCGTGCTGGAGGACCTGAAAAACGTGTTCCC
ACCCGAGGTCGCTGTGTTTGAGCCATCAGA

SEQ ID NO: 41 TCRa CDR3 amino acid sequence for consensus 1669
CVAALNTGGFKTIF

SEQ ID NO: 42 TCRa CDR3 nucleic acid sequence for consensus 1669
TGTGTGGCGGCGCTTAATACTGGAGGCTTCAAAACTATCTTT

SEQ ID NO: 43 TCRb CDR3 amino acid sequence for consensus 1669
CASSEIGLAVGEQFF

SEQ ID NO: 44 TCRb CDR3 nucleic acid sequence for consensus 16697
TGTGCCAGCAGTGAGATTGGACTAGCGGTGGGTGAGCAGTTCTTC

SEQ ID NO: 45 TCRa nucleic acid sequence for consensus 1669
AGTCAACTTCTGGGAGCAGATCTCTGCAGAATAAAAATGAAAAAGCATCTGACGAC
CTTCTTGGTGATTTTGTGGCTTTATTTTTATAGGGGGAATGGCAAAAACCAAGTGGA
GCAGAGTCCTCAGTCCCTGATCATCCTGGAGGGAAAGAACTGCACTCTTCAATGCA
ATTATACAGTGAGCCCCTTCAGCAACTTAAGGTGGTATAAGCAAGATACTGGGAGA
GGTCCTGTTTCCCTGACAATCATGACTTTCAGTGAGAACACAAAGTCGAACGGAAG
ATATACAGCAACTCTGGATGCAGACACAAAGCAAAGCTCTCTGCACATCACAGCCT
CCCAGCTCAGCGATTCAGCCTCCTACATCTGTGTGGCGGCGCTTAATACTGGAGGCT
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TCAAAACTATCTTTGGAGCAGGAACAAGACTATTTGTTAAAGCAAATATCCAGAAC
CCTGACCCTGCCGTGTACCAGCTGAGAGACT

SEQ ID NO: 46 TCRb nucleic acid sequence for consensus 1669
GTTCCCCTATCACCGATGCACAGACCCAGAAGACCCCTCCATCCTGTAGCACCTGCC
ATGAGCATCGGGCTCCTGTGCTGTGTGGCCTTTTCTCTCCTGTGGGCAAGTCCAGTG
AATGCTGGTGTCACTCAGACCCCAAAATTCCAGGTCCTGAAGACAGGACAGAGCAT
GACACTGCAGTGTGCCCAGGATATGAACCATAACTCCATGTACTGGTATCGACAAG
ACCCAGGCATGGGACTGAGGCTGATTTATTACTCAGCTTCTGAGGGTACCACTGACA
AAGGAGAAGTCCCCAATGGCTACAATGTCTCCAGATTAAACAAACGGGAGTTCTCG
CTCAGGCTGGAGTCGGCTGCTCCCTCCCAGACATCTGTGTACTTCTGTGCCAGCAGT
GAGATTGGACTAGCGGTGGGTGAGCAGTTCTTCGGGCCAGGGACACGGCTCACCGT
GCTAGAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAG
A
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V. CLAIMS

What is claimed is:

1. An engineered CD4+ T cell comprising a T cell receptor (TCR) alpha (TCRa)chain
comprising a complimentary determining region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 1,
SEQ ID NO: 11, SEQ ID NO: 17, SEQ ID NO: 23, SEQ ID NO:29, SEQ ID NO: 35, or SEQ ID
NO: 41.

2. The engineered CD4+ T cell of claim 1, wherein the TCRo. CDR3 is encoded by the
nucleic acid as set forth in SEQ ID NO: 2, SEQ ID NO: 12, SEQ ID NO: 18, SEQ ID NO: 24,
SEQ ID NO: 30, SEQ ID NO: 36, or SEQ ID NO: 42.

3. The engineered CD4+ T cell of claims 1 or 2, wherein the TCRa is encoded by the
nucleic acid as set forth in SEQ ID NO: 5, SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 27,
SEQ ID NO: 33, SEQ ID NO: 39, or SEQ ID NO: 45.

4. The engineered CD4+ T cell of any of claims 1-3, further comprising a TCR beta
(TCRP) chain comprising a CDR3 as set forth in SEQ ID NO: 3, SEQ ID NO: 13, SEQ ID NO:
19, SEQ ID NO: 25, SEQ ID NO: 31, SEQ ID NO: 37, or SEQ ID NO: 43.

5. The engineered CD4+ T cell of claim 4, wherein the TCR3 CDR3 is encoded by the
nucleic acid as set forth in SEQ ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 26,
SEQ ID NO: 32, SEQ ID NO: 38, or SEQ ID NO: 44.

6. The engineered CD4+ T cell of claims 4 or 5, wherein the TCRp is encoded by the
nucleic acid as set forth in SEQ ID NO: 6, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID NO: 28,
SEQ ID NO: 34, SEQ ID NO: 40, or SEQ ID NO: 46.

7. An engineered CD4+ T cell comprising a T cell receptor (TCR) beta (TCRp)chain
comprising a complimentary determining region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 3.

8. The engineered CD4+ T cell of claim 1, wherein the TCR3 CDR3 is encoded by the
nucleic acid as set forth in SEQ ID NO: 4, SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 26,
SEQ ID NO: 32, SEQ ID NO: 38, or SEQ ID NO: 44.
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9. The engineered CD4+ T cell of claim 1, wherein the TCRJ is encoded by the nucleic
acid as set forth in SEQ ID NO: 6, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID NO: 28, SEQ ID
NO: 34, SEQ ID NO: 40, or SEQ ID NO: 46.

10. A method of treating a cancer in a subject comprising administering to the subject one or

more of the engineered CD4+ T cells of any of claims 1-9.

11. A method of treating a cancer in a subject comprising administering to the subject an

adoptive cell therapy comprising one or more engineered CD4+ T cells.

12.  The method of treating a cancer of claim 11, wherein the one or more engineered CD4+
T cells comprise a T cell receptor (TCR) alpha (TCRa )chain comprising a complimentary
determining region (CDR) 3 (CDR3) as set forth in SEQ ID NO: 1, SEQ ID NO: 11, SEQ ID
NO: 17, SEQ ID NO: 23, SEQ ID NO:29, SEQ ID NO: 35, or SEQ ID NO: 41.

13. The method of treating a cancer of claim 12, wherein the TCRa. CDR3 of the engineered
CD4+ T cell is encoded by the nucleic acid as set forth in SEQ ID NO: 2, SEQ ID NO: 12, SEQ
ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 30, SEQ ID NO: 36, or SEQ ID NO: 42.

14. The method of treating a cancer of any of claims 11-13, wherein the TCRa. of the
engineered CD4+ T cell is encoded by the nucleic acid as set forth in SEQ ID NO: 5, SEQ ID
NO: 15, SEQ ID NO: 21, SEQ ID NO: 27, SEQ ID NO: 33, SEQ ID NO: 39, or SEQ ID NO:
45.

15.  The method of treating a cancer of any of claims 11-14, further comprising a TCR beta
(TCRP) chain comprising a CDR3 as sel [orth in SEQ ID NO: 3, SEQ ID NO: 13, SEQ ID NO:
19, SEQ ID NO: 25, SEQ ID NO: 31, SEQ ID NO: 37, or SEQ ID NO: 43.

16. The method of treating a cancer of claim 15, wherein the TCR CDR3 of the engineered
CD4+ T cell is encoded by the nucleic acid as set forth in SEQ ID NO: 4, SEQ ID NO: 14, SEQ
ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38, or SEQ ID NO: 44

17. The method of treating a cancer of claims 15 or 16, wherein the TCRP is encoded by the
nucleic acid as set forth in SEQ ID NO: 6, SEQ ID NO: 16, SEQ ID NO: 22, SEQ ID NO: 28,
SEQ ID NO: 34, SEQ ID NO: 40, or SEQ ID NO: 46.

18.  The method of treating a cancer of claim 11, wherein the one or more engineered CD4+

T cells comprise a T cell receptor (TCR) beta (TCRP)chain comprising a complimentary
7
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determining region (CDR) 3 (CDR3) as set forth in SEQ 1D NO: 3, SEQ ID NO: 13, SEQ ID
NO: 19, SEQ ID NO: 25, SEQ ID NO: 31, SEQ ID NO: 37, or SEQ ID NO: 43.

19. The method of treating a cancer of claim 18, wherein the TCR CDR3 of the engineered
CD4+ T cell is encoded by the nucleic acid as set forth in SEQ ID NO: 4, SEQ ID NO: 14, SEQ
ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 32, SEQ ID NO: 38, or SEQ ID NO: 44,

20. The method of treating a cancer of any of claims 11, 18, or 19, wherein the TCR of the
engineered CD4+ T cell is encoded by the nucleic acid as set forth in SEQ ID NO: 6, SEQ ID
NO: 16, SEQ ID NO: 22, SEQ ID NO: 28, SEQ ID NO: 34, SEQ ID NO: 40, or SEQ ID NO:
46.

21.  The method of treating a cancer of any of claims 11-20, wherein the CD4+ T cells are
obtained from tumor infiltrating lymphocytes (TILs), marrow infiltrating lymphocytes (MILs),
memory CD4+ T cells, Thl CD4+ T cells, Th17 CD4+ T cells, Th2 CD4+ T cells, and
regulatory CD4+ T cells (Tregs).

22.  The method of treating a cancer of any of claims 11-21, wherein at least 80% of the cells

transferred are CD4+ T cells.

23. The method of treating a cancer of any of claims 11-22, wherein the engineered CD4+ T

cells are cultured in the presence of autologous tumor prior to administration to the subject.
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