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MOLECULAR ASSESSMENT OF TRBC USAGE

FIELD OF THE INVENTION

The invention is in the field of molecular assessment of T cell receptor  chain (TRBC)
usage such as in peripheral T-cell lymphomas (PTCL), in particular determining the

constant region gene type expressed in particular cell(s) such as PTCL.

BACKGROUND TQO THE INVENTION

Peripheral T-cell lymphomas (PTCLs) represent 10% to 15% of non-Hodgkin’s
Iymphomas and are composed of 23 different entities. Standard of care in this subset of
diseases is variable and 65% of patients are refractory or relapse after standard therapy.
A paucity of specific targets for PTCLs has hampered the development of targeted

immunotherapies for these diseases.

The af TCR is a pan—T cell antigen. Apart from its expression on normal T cells, it is a

highly promising target for treatment of PTCL.

Thus, one approach to treatment of T-cell leukaemias and/or lymphomas is to target
the T-cell receptor as an antigen. This approach can lead to efficient destruction of cells
bearing that antigen — an approach which has been very effective for B-cell
malignancies. However, in contrast with B-cell ablation, removal of the T-cell
population from a patient is not well tolerated. The severe toxicity associated with
ablation of the T-cell compartment adds risk to targeting antigens that are expressed on
healthy T-cells. This is extremely toxic leaving the patient dangerously exposed to

infection.

A feature of the TCR B-chain recombination is that there are two genes associated with
the f-chain constant region: TRBC1 and TRBC2. Each T cell (and thus each T cell
cancer) irreversibly selects either TRBC1 or TRBC2 to incorporate into TCRs.

Approximately 35% of normal and virus-specific T cells express TRBC1, and 65%
express TRBC2. Targeting tumours that express TRBC1 should deplete the tumour cells
while the remaining T cells are left to expand, fill the T cell compartment and fight

infection.
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CART cells that target TRBC1, but not TRBC2, to treat mature T cell cancers have been
described. Key to the success of this strategy is the selection of patients with

Iymphomas that express the correct TCR beta constant region.

Determining the TRBC1 or TRBC2 type of T-cells (T-cell cancers) is a problem in the
art.

Strategies have been described that cover the general diagnosis of T cell lymphoma
patients whereby the percentage of total T-cells in a sample of tumour isolated from the
subject is ascertained to be TRBC1 or TRBC2 positive. Targeted killing of TRBC1+ T-
cells using anti-TRBC1 chimeric antigen receptor (CAR) T cells is described (Maciocia
et al 2017 Nature Medicine volume 23, pages 1416—1423). Cells expressing TRBC1 /
TRBC2 were distinguished using the JOVI-1 mAb, which is specific for TRBC1-
expressing cells. This is laborious, and IHC methods can be subjective, which are

drawbacks with this approach.

WO02016051205A1 discloses a method of investigating the monotypia of a population of
T-cells comprising detecting expression of the T cell receptor beta chain constant
region TRBC1 and TRBC2, and/or the T cell receptor gamma chain constant region
TRGC1 and TRGC, in a population of T-cells. The techniques described are focussed on
THC and/or RNA based direct detection of constant regions. These methods can be
unreliable (e.g. THC) and/or require RNA preservation/extraction (e.g. direct

detection), both of which are drawbacks with these methods.

WO02015/132598 (corresponding to AU2015225944) describes TRBC1 and TRBC2-
specific chimeric antigen receptors (CARs) for use in the treatment of T-cell
malignancies. However, accurately determining the TRBC1/TRBC2 type of the
malignancy remains a problem in the art.

The present invention seeks to overcome problem(s) associated with the prior art.

SUMMARY OF THE INVENTION

Targeting only tumours that express TRBC1 or tumours that express TRBC2 should
deplete the tumour cells while the remaining T cells are left to expand, fill the T cell

compartment and fight infection.
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A method is described herein which allows a molecular diagnosis of a patient tumour to
determine if the tumour is comprised of TRBC1 or TRBC2 expressing cells. The method
offers significant advantages over other methods in that it allows the diagnosis to be
made on any patient sample from which nucleic acid, preferably genomic DNA, can be

obtained.

Thus, the invention provides a diagnostic test which enables TRBC typing of a sample
from a patient. In this way, an appropriate therapy can be selected for the patient (i.e.

to target TRBC1 expressing cells, or to target TRBC2 expressing cells).

The approach taught by the invention advantageously uses genomic DNA analysis to
determine the TRBC type of the cells in the sample. The inventors have discovered a
surprisingly close genetic linkage of the J region (joining region) to the C region
(constant region) of the TCR gene. The inventors had the insight that the TRBC type of
the cell could be read out by studying the J region, making use of the newly discovered
linkage of the J region to the C region, and inferring the TRBC type of the C region of

interest.

It is surprising that this approach is successful given that the C region and the J region
are separated by a very large amount of intervening nucleic acid. This amount of
genetic distance would normally lead to a far looser linkage between the J and C
regions. For these reasons, it is very surprising that such a reliable and tight linkage
between J and C regions is observed, making the diagnostic methods of the invention

possible.

It is a further advantage of the invention that this accurate genetic approach is better

and more accurate than any “by eye” immunohistochemistry (IHC) based method.

Prior art approaches have taught the use of antibodies for determining TRBC type of a
sample. However, antibody based approaches require subjective judgements and/or
human intervention in order to assess their output. It is an advantage of the invention

that a binary answer (TRBC1 or TRBC 2) is provided.

The extremely high reliability and extremely low error rate (e.g. recombination rate)
between determining the J region gene and inferring the C region gene which are

present is very surprising. Even if a skilled person had contemplated that the two genes
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might be linked, they would never have predicted that they would be linked so tightly as

to provide reliable diagnostic information as taught by the invention.

It is well known in the art that many antibodies do not bind their epitopes in fixed
tissue, but rather only bind them in fresh or frozen tissue. Asis well known in the art,
fixing of tissue can affect the protein structure and therefore it is very common for
antibodies to recognise epitopes which are not present/not available in one or other
sample type. It is an advantage of the invention that by using genetic methods, the test
works equally well on fixed or fresh or frozen tissues. Thus the invention is widely
applicable to any sample type, which overcomes limitations of prior art approaches

such as THC analysis.

Thus in one aspect, the invention relates to a method of determining the T cell receptor
B chain (TRBC) gene type of a cell, the method comprising
(a) determining the J gene type expressed in said cell, and

)] inferring from (a) the TRBC gene type expressed in said cell.

‘J gene’ has its normal meaning in the art. Suitably ‘J gene’ refers to the junctional or
joining segment (J region) of the T cell receptor gene.

Suitably the term V region’ has its normal meaning in the art i.e. the variable region or
variable section (V region) of the T cell receptor gene.

Suitably the term ‘C region’ has its normal meaning in the art i.e. the constant region or
constant section (C region) of the T cell receptor gene.

Suitably the term ‘D region’ has its normal meaning in the art i.e. the diversity region or
diversity section (D region) of the T cell receptor gene.

In the event that further guidance is needed, an annotated reference sequence is

provided below.

Suitably step (a) comprises:

@) extracting nucleic acid from said cell;

(ii) determining the nucleotide sequence of at least a segment of said J gene from
said nucleic acid; and

(iii)  comparing the nucleotide sequence determined in (ii) to one or more J gene
reference nucleotide sequence(s), and

(iv)  identifying the J gene type from sequence identity of the nucleotide sequence of

the segment of said J gene of (ii) to the J gene reference nucleotide sequence(s) of (iii).
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Suitably said J gene reference nucleotide sequence(s) are as in Table 1.

When considering sequence identity of the nucleotide sequence of the segment of said J
gene of (ii) to the J gene reference nucleotide sequence(s) of (iii), a sufficient level of
sequence identity to identify the J gene reference nucleotide sequence (i.e. identify the
J gene type) with appropriate scientific/statistical confidence is required. Suitably a
100% sequence identity match to the J gene reference nucleotide sequence is required.
Suitably the sequence identity is assessed across the whole length of the J gene
reference nucleotide sequence. Suitably the query sequence and the J gene reference
nucleotide sequence may need to be aligned before the sequence identity determination
is made. Alignment of sequences may be done by eye or may be done using a known

sequence alignment tool such as discussed below.

Suitably said nucleic acid comprises genomic DNA (gDNA).

Suitably said segment of said J gene comprises the whole J region of the T cell receptor

gene.

Suitably said segment of said J gene is comprised by CDR3 of the T cell receptor gene.

Suitably said segment of said J gene is selected from the group consisting of:

SEQ ID NO:1 tgaacactgaagctttetttggacaaggcace
agactcacagttgtag

SEQ ID NO:2 ctaactatggctacaccttcggttcggggacc
aggttaaccgttgtag

SEQID NO:3 ctctggaaacaccatatattttggagagggaa
gttggctcactgttgtag

SEQ ID NO:4 caactaatgaaaaactgttttttggcagtgga
acccagctctctgtcttgg

SEQ ID NO:5 tagcaatcagccccagecattttggtgatggga
ctcgactctccatcctag

SEQ ID NO:6 ctcctataattcacccecctceccactttgggaatg
ggaccaggctcactgtgacag

SEQ ID NO:7 ctcctataattcacccecctceccactttgggaacg
ggaccaggctcactgtgacag

SEQID NO:8 | ctcctacaatgagcagttcttcgggccaggga
cacggctcaccgtgcectag

SEQ ID NO:9 cgaacaccggggagctgttttttggagaaggce
tctaggctgaccgtactgg

SEQ ID NO:10 | ctgagaggcgctgetgggegtetgggeggagyg
actcctggttcetygg

SEQ ID NO:11 | agcacagatacgcagtattttggcccaggcac
ccggctgacagtgcectceg

SEQ ID NO:12 | agccaaaaacattcagtacttcggcgceggga

5
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SEQ ID NO:13 | accaagagacccagtacttcgggccaggcacg
cggctcctggtgcecteg

SEQID NO:14 | ctctggggccaacgtcetgacttteggggeeg
gcagcaggctgaccgtgcectgg

SEQ ID NO:15 | ctcctacgagecagtacttegggecgggeacca
ggctcacggtcacag

SEQ ID NO:16 | ctcctacgagcagtacgtcgggccgggecacca
ggctcacggtcacag

Suitably step (ii) comprises:

(1) contacting said nucleic acid with reagents for amplification of at least a
segment of said J gene;

(2) incubating to allow amplification;

3) determining the nucleotide sequence of the amplified segment(s) of said

J gene.

Suitably said reagents for amplification comprise at least one forward primer located in
the V region of the T cell receptor gene and at least one reverse primer located in the J
region of the T cell receptor gene, or wherein said reagents for amplification comprise
at least one reverse primer located in the V region of the T cell receptor gene and at

least one forward primer located in the J region of the T cell receptor gene.

Suitably said method further comprises:
(2a) carrying out electrophoresis of the amplified segment(s) of said J gene;
(2b)  selecting dominant amplification product(s) from step (2a) for nucleotide

sequencing.

Suitably step (a) comprises carrying out clonality determination or immunosequencing
on said cell to provide nucleotide sequence information for said J gene, and

determining the J gene type from said nucleotide sequence information.

Suitably determining the nucleotide sequence comprises NGS analysis.

In one embodiment suitably said cell is present within a population of cells, and
wherein step (a) comprises:

@) extracting nucleic acid from said population of cells;

(iia) determining the nucleotide sequence of at least a segment of said J gene from
said nucleic acid to generate a population of nucleotide sequences;

(iib)  selecting a nucleotide sequence from said population of nucleotide sequences;

6
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(iii)  comparing the nucleotide sequence selected in (iib) to one or more J gene
reference nucleotide sequence(s), and
(iv)  identifying the J gene type by sequence identity of the nucleotide sequence of

the segment of said J gene of (iib) to the J gene reference nucleotide sequence(s) of (iii).

When the nucleotide sequence is determined by NGS and/or when the nucleotide
sequence is determined for nucleic acid from a population of cells, it will be noted that a
plurality of nucleotide sequences is generated during the sequence determination
procedure. This is well known by the skilled operator. Thus the ‘raw’ nucleotide
sequence data must be evaluated once determined by the NGS instrument.
Inappropriate data is discarded.

For example, samples may be detected with 2 or more clonal rearrangements. Data
from incomplete rearrangement(s) such as D/J rearrangements is suitably discarded.
Focus is on the complete V/J rearrangements. Thus for samples showing 2 or more
clonal rearrangements, rows of data are discarded when they relate to incomplete
rearrangements such as D/J rearrangements or none-J rearrangements or other
incomplete rearrangements. The V/J rearrangement sequence data are retained.
Suitably the nucleotide sequence data is from a V/J rearranged nucleic acid.

For example, samples may not show clonality. Guidance for assessing clonality is well
known in the art and is explained below and is presented in Table 3. For example,
when the top % total reads less than 1.0%, data are considered non-clonal. Data which
is non-clonal is suitably discarded. Focus is on data which is clonal. Suitably the
nucleotide sequence data is from a clonal nucleic acid.

For example using the LymphoTrack NGS system, the minimum DNA input
requirement is 50 ng per sample. According to the LymphoTrack NGS system IFU
280410, samples with less than 50ng nucleic acid are considered as “Not evaluable”.
Data which is not evaluable is suitably discarded. Focus is on data which is evaluable.
Suitably the nucleotide sequence data is from an evaluable sample. Suitably the

nucleotide sequence data is from a sample comprising at least 50ng nucleic acid.

Suitably said cell is from a subject having, or suspected of having, a peripheral T cell
Iymphoma (PTCL).

Suitably said cell is a peripheral T cell lymphoma (PTCL) cell.

In one aspect, the invention relates to a method of treating peripheral T cell lymphoma

(PTCL) comprising
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(a) determining the T cell receptor B chain (TRBC) type of a PTCL cell from said

subject as described above; and

)] administering to said subject a CAR T cell targeted to the T cell receptor B chain
(TRBC) type determined in (a).

In one aspect, the invention relates to a CAR T cell targeted to a T cell receptor 3 chain
(TRBC) type 1, or a CAR T cell targeted to a T cell receptor § chain (TRBC) type 2,

for use in the treatment of peripheral T cell lymphoma (PTCL),

wherein said treatment comprises the method of treating as described above.

In one aspect, the invention relates to a nucleic acid probe comprising nucleotide

sequence, or consisting of nucleotide sequence, selected from the group consisting of:

SEQ ID NO:1 tgaacactgaagctttctttggacaaggcacc
agactcacagttgtag

SEQ ID NO:2 ctaactatggctacaccttcggttcggggace
aggttaaccgttgtag

SEQID NOQO:3 | ctctggaaacaccatatattttggagagggaa
gttggctcactgttgtag

SEQ ID NO:4 caactaatgaaaaactgttttttggcagtgga
acccagctctctgtcttgg

SEQ ID NO:5 tagcaatcagccccagecattttggtgatggga
ctcgactctccatcctag

SEQID NO:6 | ctcctataattcaccccteccactttgggaatg
ggaccaggctcactgtgacag

SEQ ID NO:7 ctcctataattcacccecctceccactttgggaacg
ggaccaggctcactgtgacag

SEQID NO:8 | ctcctacaatgagcagttcttcgggecaggga
cacggctcaccgtgcectag

SEQ ID NO:9 cgaacaccggggagctgttttttggagaaggce
tctaggctgaccgtactgg

SEQ ID NO:10 | ctgagaggcgctgetgggegtetgggeggagyg
actcctggttcectygg

SEQ ID NO:11 | agcacagatacgcagtattttggcccaggcac
ccggctgacagtgeteg

SEQ ID NO:12 | agccaaaaacattcagtacttcggcgceggga
ccecggcectcectcagtgetgg

SEQ ID NO:13 | accaagagacccagtacttcgggccaggcacg
cggctcctggtgcecteg

SEQ ID NO:14 | ctctggggccaacgtcctgactttcggggecg
gcagcaggctgaccgtgcectgg

SEQ ID NO:15 | ctcctacgagecagtacttegggecgggeacca
ggctcacggtcacag

SEQ ID NO:16 | ctcctacgagcagtacgtcgggccgggecacca

ggctcacggtcacag

In one aspect, the invention relates to a nucleic acid array comprising at least two

different nucleic acid probes as described above.

8
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DETAILED DESCRIPTION

TCR diversity is generated by somatic recombination, which occurs when each TCR
chain selects a variable (V), diversity (D), joining (J) and constant (C) region. TCR -
chain junctional regions segregate with constant domains. VDJ recombination occurs
at the genomic DNA level, mRNA transcription splices out any intervening sequence
and allows translation of the full length protein for the TCR Cf chain. Due to the
presence of a large intervening region between the TRBC1 and TRBC2 constant regions
at the DNA level, it is disclosed herein that TCRs selecting TRBJ1-1 through TRBJ1-6
use TRBC1, and those selecting TRBJ2-1 through TRBJ2-7 use TRBC2. Thus we
demonstrate that it is possible to infer the C region usage of a TCR by identifying the J-

region used.

TCRs are not subject to somatic hypermutation when a given T cell is exposed to
antigen. As such, the specificity of a given T cell clone remains static once
rearrangement has occurred. TCR clonality testing is routinely used as a diagnostic tool
for T cell lymphoproliferative disorders. Briefly, multiplexed primers are used to
amplify the VDJ recombined variable regions, the presence of a dominant clone can be
visualised through electrophoresis and sequencing of dominant PCR products can
elucidate the tumour clonotype. Combination of TCR clonality with NGS sequencing
enables measurement of millions of segments of the genome simultaneously and can
overcome limitations associated with traditional sequencing such as the identification

of a clone in the presence of large numbers of infiltrating T cells.

It is known that there two genes for the constant region of the T-cell receptor [ chain
(TRBC) — TRBC1 and TRBC2. These two genes are thought to have arisen by a genetic
duplication, and are regarded as functionally equivalent. The two gene products differ
by only four amino acids. Notwithstanding their similarities, the differences can be
advantageously exploited since tumours are clonal. Therefore, each of the cellsin a
given malignancy will have the same TRBC gene as the original T-cell from which the
tumour arose. Therefore, in a given patient all of the malignant cells will be either
TRBC1 or TRBC2.

In any given individual, approximately 35% of normal T-cells express TRBC1, and the
remaining 65% express TRBC2. This provides the opportunity to selectively target all

TRBC1 expressing cells, whilst leaving all the TRBC2 expressing cells to survive (or vice

9
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versa). In this way, the malignancy can be targeted and whilst this will also target the
population of the same TRBC type healthy T-cells in that patient, it will not target the
remainder of the healthy T-cell population expressing the other TRBC type. Therefore,
whichever TRBC type is targeted, the remaining part of the healthy T-cell population
should be maintained within the patient, leaving them with an immune effector
function whilst reducing or eliminating their malignancy. In order to implement this
elegant therapy, it is vital to accurately and efficiently determine the TRBC gene which
is expressed on any given patient’s malignant cells. The present invention provides a

solution to this problem.

We have demonstrated through NGS analysis of healthy human T cells, that in the
overwhelming majority of cases TRBJ1 links to C1 and TRBJ2 links to C2. Diagnosis of
TRBC1 or TRBC2 expression on patient tumours can thus be made through the analysis

of J regions using clonality based assays.

Previous strategies used to identify TRBC1 or TRBC2 expressing tumours are
predicated on the use of antibody staining methods which only work on flow cytometry
assays or on fresh tissue. Because the described method interrogates DNA at the
genomic level, fixed tissue may be used as the source material, which is an advantage of

the invention.

The invention relates to molecular assessment of TRBC usage in T cell lymphomas.

Suitably the molecular assessment is nucleic acid based assessment.

Suitably the cell is an in vitro cell.

The invention exploits the link between J1/C1 and J2/C2 using NGS analysis.

CELLS / SAMPLE

The invention may be applied to any cell expressing a T-cell receptor p chain. Suitably
the cell is a mammalian cell, suitably the cell is a primate cell, suitably the cell is a

human cell. Suitably the cell is, or is derived from, a T-cell.

A cell derived from a T-call includes a neoplastic cell such as a lymphoma cell and/or a

tumour cell.

10
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Suitably the cell may be a neoplastic cell. Suitably the cell may be a malignant cell.

Suitably the cell may be a cancer cell. Suitably the cell may be a tumour cell.

Suitably the cell is comprised by, or is present in, a sample from a subject of interest.
Suitably the sample may be a sample taken from the tumour or suspected tumour in

the subject.

Suitably the sample may be a biopsy, such as a tumour biopsy.
Suitably the sample may be a blood sample. This is especially advantageous when
using the invention to monitor minimal residual disease (MRD).

The sample may be a tonsil sample.

Suitably the method is an in vitro method. Suitably the sample is an in vitro sample.

Suitably the sample has been previously collected from a subject. Suitably the method
does not involve the collection of the sample from the human or animal body. Suitably
the method is not practised on a human or animal body. Suitably the method does not

require the presence of a human or animal body.

COMPUTER IMPLEMENTATION

Suitably the method may be performed, at least in part, in silico.

In so far as the embodiments of the invention described above are implemented, at
least in part, using software-controlled data processing apparatus, it will be appreciated
that a computer program providing such software control and a storage medium by
which such a computer program is stored are envisaged as aspects of the present

invention.

Thus the invention provides a method of operating said data processing apparatus, the
apparatus set up to execute the method, and/or the computer program itself. The
invention also relates to physical media carrying the program such as a computer
program product, such as a data carrier, storage medium, computer readable medium

or signal carrying the program.

Clearly steps such as providing a sample would be embraced by such a computer
program if a software controlled sample handling apparatus was employed. However,

if such a step is performed manually at the choice of the operator, then the computer

11
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implemented method steps should be understood to comprise or consist of the data

processing steps of the method.

In one aspect, the invention relates to a computer program product operable, when
executed on a computer, to perform the method steps (a) and (b) as described above,
suitably to perform the method steps (ii) to (iv) as described above, more suitably to
perform the method steps (iia) to (iv) as described above, most suitably to perform the
method steps (iii) and (iv) as described above.

In one aspect, the invention relates to a data carrier or storage medium carrying a

computer program product as described above.

POPULATION OF CELLS

The invention may be applied to a population of T-cells. For example, the invention
may be applied to a population of T-cells, or cells derived from T-cells, in the sample of
interest. In this scenario, it may be important to determine the TRBC type of a
particular cell of interest within that population. Selection of the cell of interest within
that population may be done physically, e.g. by using a sample from the tissue of
interest such as from the tumour or suspected tumour of interest, or may be done
computationally, for example by selecting a particular clone from within the population
of nucleotide sequences determined from the population of cells subjected to the
analysis. For example, it may be desirable to choose the sequence of the dominant
clonei.e. the clone showing the greatest number of “reads” or nucleic acid molecules
within the population analysed. Alternatively, the amplified nucleic acids may be
separated for example by electrophoresis, and the dominant clone selected for
sequencing at that stage. The particular mode used for picking the individual clone
(and therefore the individual cell) within the analysis is a matter for operator choice. In
this way, the invention may be advantageously applied to particular cell or cells within

an analysis conducted on a population of cells.

NUCLEIC ACID

In a broad aspect, the nucleic acid may be any nucleic acid occurring in the cell.

Suitably the nucleic acid is DNA or RNA. Suitably the nucleic acid comprises, or
consists of, DNA. Suitably the nucleic acid comprises, or consists of, genomic DNA
(gDNA).
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Nucleic acid such as DNA is suitably extracted from cell(s) in the sample using any
technique known the skilled worker. Suitably nucleic acid is extracted using a standard
commercially available DNA extraction kit. Most suitably nucleic acid is extracted
using the GeneRead DNA FFPE Kit (Cat No./ID: 180134) from QIAGEN Ltd., Skelton
House, Lloyd Street North, Manchester, M15 6SH, U.K.

Optionally the method of the invention comprises a further optional step of inferring
the clonotype of the peripheral T-cell lymphoma (PTCL) from the information

determined in steps (a) and (b).

Suitably the nucleic acid analysed in the invention is genomic DNA (gDNA). In one
embodiment the invention might be practiced using RNA as the starting
material/nucleic acid being analysed. However, RNA requires certain treatment to
preserve it in the sample such as a biopsy. Ifthis treatment is not carried out on the
initial sample or biopsy, then it may necessitate re-biopsying the patient which is a
second invasive procedure which is undesirable. Thus, it is an advantage of the
invention that the nucleic acid analysed is suitably gDNA. gDNA is typically more
stable than RNA.

When analysing minimal residual disease (MRD), RNA might be analysed. However, at
the stage of monitoring MRD, typically the sequence of the tumour VDJ region has
been determined. Thus, when following MRD in a patient, it would be typical to simply
detect the known transcript in RNA extracted from a sample from that patient, for
example using primers in the CDRs of that sequence. In this way, exquisite specificity
is obtained from primers directed (for example) to a suitable part of the nucleic acid
such as that encoding CDR3. Therefore, whilst the TRBC1/2 typing method of the
invention can also be applied in monitoring MRD, this might advantageously be
combined with an RNA based approach detecting the specific transcript of the tumour

clone already determined during patient treatment.

CDRs (complementarity determining regions) are well known in the art, see for
example (Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, Md. (1991)) and numerous

subsequent publications describing and defining these regions.
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T CELL RECEPTOR 3 CHAIN (TRBC) GENE - REFERENCE SEQUENCE

Suitably all sequences herein are discussed with reference to human TRBC.

It may be helpful to refer to the GenBank sequence of the wild-type human gene.

The structure of the overall locus/composite gene including the V-D-J-C regions is
known in the art, including the sequences of C1 type, C2 type, J1 type and J2 type.
There are at least 7 J1 variants and 9 J2 variants. If further guidance is required, we

refer to Table 1.

GenBank is a sequence database as described in Benson, D. et al, Nucleic Acids Res.
45(D1):D37-D42 (2017). In more detail, GenBank is as administered by the National
Center for Biotechnology Information, National Library of Medicine, 38A, 8N805,
8600 Rockville Pike, Bethesda, MD 20894, USA. Suitably the current version of
sequence database(s) are relied upon. Alternatively, the release in force at the date of
filing is relied upon. For the avoidance of doubt, NCBI-GenBank Release 225.0 (15
April 2018) is relied upon.

In case any further guidance is required, we refer to the following reference sequence
(SEQID NO: 31): >38675309 _B97#1 TRBC2

CGACGTGGATTATCCATGAACGCAAAGCAGTGGTATCAACGCAGAGTACGCGGGaggggay

agtgctgtcatctctcaaaagccaagcagggatatctgtcaacgtggaacc tceetga

cgatccagtgtcaagtcgatageccaagtcaccatgatgttetggtacegtcagecaacctyg
gacagagcctgacactgatcgcaactgcaaatcagggectetgaggecacatatgagagtg
gatttgtcattgacaagtttcccatcageccgeccaaacctaacattetcaactetgactg

tgagcaacatgagccctgaagacagcagcatatatctetgecagegecaaagggaccctet

acgagcagtacttcgggccgggcaccaggctcacggtcacabaggacctgaaaaacgtgd

kcccacccgaggtcgctgtgtttgagccatcagaagcagagatctcccacacccaaaagﬂ

ccacactg

Bold = Variable/V
ITtalics = Diversity/D

Underlined = Junctional (Joining/J)

14

PCT/GB2019/052011



WO 2020/025928 PCT/GB2019/052011

10

15

20

25

30

35

[Boxed = |Constant/(]

CAPITALS = matches the template-switch primer for 5’RACE

dashed boxed =5’ untranslated region

!
e e e - — =

||double boxed||=||leader sequence||

Suitably a joining or J region comprises, or more suitably consists of, sequence
corresponding to the sequence underlined above. More suitably a joining or J region

comprises, or more suitably consists of, the sequence underlined above.

In more detail, SEQ ID NO: 31 is a reference sequence for a re-arranged beta chain.

This is an example from an NGS library sequenced by the inventors.

When particular nucleotides are referred to herein using numeric addresses, the
numbering is taken with reference to the wild type TRBC nucleotide sequence as shown
above (e.g. SEQ ID NO: 31). This sequence is to be used as is well understood in the art
to locate the feature/residue of interest. This is not always a strict counting exercise -
attention must be paid to the context. For example, if the sequence of interest is of a
slightly different length, then location of the correct nucleotide in that sequence may
require the sequences to be aligned and the equivalent or corresponding nucleotide
picked. This is well within the ambit of the skilled reader.

Determining V/D/J/C Regions

Clearly it is expected that there will be sequence variation between individual patients.
This is true for all mammalian genes due to individual genetic variability/allelic
differences. However, as is well known, this is especially the case for hypervariable
regions such as the TRBC gene regions which are the subject of the present invention.
Therefore, in examining a nucleotide or amino acid sequence and deciding whether it is
aV/J/D/C region, or none of the above, standard approaches such as bioinformatic

approaches using software (for example IMGT™ software) may be employed.

IMGT™, the international ImMunoGeneTics information system™
http://www.imgt.org, is the global reference in immunogenetics and
immunoinformatics, created in 1989 by Marie-Paule Lefranc (Université de
Montpellier and CNRS). IMGT™ is a high-quality integrated knowledge resource
specialised in the immunoglobulins (IG) or antibodies, T cell receptors (TR), major
histocompatibility (MH) of human and other vertebrate species, and in the

15



WO 2020/025928 PCT/GB2019/052011

10

15

20

immunoglobulin superfamily (IgSF), MH superfamily (MhSF) and related proteins of
the immune system (RPI) of vertebrates and invertebrates. IMGT™ provides a
common access to sequence, genome and structure Immunogenetics data, based on the
concepts of IMGT-ONTOLOGY and on the IMGT Scientific chart rules.

In the event that any further information is required, we refer to Lefranc M-P,
Giudicelli V, Duroux P, Jabado-Michaloud J, Folch G, Aouinti S, Carillon E, Duvergey
H, Houles A, Paysan-Lafosse T, Hadi-Saljoqi S, Sasorith S, Lefranc G, Kossida S.
Nucleic Acids Res. 2015 Jan;43(Database issue):D413-22. “IMGT™, the international
ImMunoGeneTics information system™ 25 years on.”, Lefranc, M.-P., Front Immunol.
2014 Feb 05;5:22 “Immunoglobulin (IG) and T cell receptor genes (TR): IMGT™ and
the birth and rise of immunoinformatics.”. Use of the IMGT™ tools is well within the
ability of the skilled worker, and full details have been published and regularly updated
since 1989, for example Lefranc, M.-P., Cold Spring Harb Protoc. 2011 Jun 1;2011(6)

“IMGT™, the International ImMunoGeneTics Information System”.

In the unlikely event that further guidance is needed, in order to identify the J region a
person skilled in the art can align sequences with a known alignment tool such as
IMGT/ V-quest (Nucleic Acids Res., 31, 307-310 (2003)). IMGT/V-QUEST is a
sequence alignment software for the immunoglobulin (IG) and T cell receptor (TR)
nucleotide sequences of the variable regions and domains. The IMGT output comprises

nucleotide and amino acid sequences of the junction.

Analysis of VDJ rearrangement is illustrated below.

16
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Other bioinformatics tools can be used to perform similar analysis to identify V/D/J/C
regions, one example of which is the MiXCR software (Bolotin et al 2015 Nature
Methods Vol 12 No. 5 pages 380-381). Bolotin et al discloses software providing a
universal framework that processes big immunome data from raw sequences to
quantitated clonotypes which is useful in identification of V/D/J/C regions in
sequences of the present disclosure. Bolotin et al 2015 is specifically incorporated by
reference solely for the teaching of such methods of analysis and no other purpose.
Software is available for example from MiLaboratory LLC, 534 S.Andres Dr., Solana
Beach, CA 92075, USA.

Mutating has it normal meaning in the art and may refer to the substitution or

truncation or deletion or addition of one or more nucleotides, motifs or domains.

SAMPLE

Suitably the sample may comprise a biopsy. Suitably the sample may comprise a
tumour biopsy, or a biopsy from a suspected tumour. Suitably the sample may
comprise blood. Suitably the sample may comprise a T-cell rich biopsy such a lymph

node biopsy or a spleen biopsy.

It should be noted that the invention has been demonstrated using different sample
types, such as tonsil biopsy. Tonsil is a T-cell rich tissue. This is very helpful in
demonstrating the effectiveness of the invention, but is not necessarily an exemplary
sample type when applying the invention to a patient. Thus, although tonsil is a
suitable sample for the invention, more suitably the sample comprises a tumour biopsy,
a suspected tumour biopsy, a lymph node biopsy, a spleen biopsy, or blood: more

suitably the sample comprises a tumour biopsy or blood.

When the sample is from a tumour, suitably the sample may be from any tumour type
or subtype. Suitably the sample may be from any tumour type or subtype mentioned in

the examples section below.

READ OUT

In principle, any way of reading out the sequence information from the nucleic acid(s),

such as PCR amplified nucleic acid(s), derived from the sample may be used. For
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example, the PCR products may be separated by size such as using gel electrophoresis,
and the dominant product may be excised and sequenced. Alternatively, TRBC1/2
specific primers may be used, for example in a secondary PCR after the initial
amplification step, thereby giving an indication whether the sample is TRBC1 or
TRBC2. However, more suitably, PCR primers specific to the J region being analysed
might be used in a PCR reaction following the initial amplification, thereby indicating
which J region is present in the sample and thereby allowing the identity of the C

region to be inferred according to the methods of the invention.

In principle, hybridisation of nucleic acid probes might be used to detect the identity of
the J region of the PCR product, or the amplified nucleic acid(s) could be applied to an
array bearing one or more probe nucleic acids, hybridisation could be allowed to occur,
and the identity of the J region in the PCR product could be read out by analysing the

hybridisation pattern to those probe sequences.

C/J REGIONS

A key part of the invention is to exploit the tight linkage of C to J, and thereby infer the
TRBC1/2 status indirectly from the J type.

An advantage of the invention is that it enables the detection (e.g. via nucleic acid
amplification) from gDNA which is preserved in a greater number of tissue types and
storage conditions than other nucleic acids such as RNA. Thus suitably the nucleic acid
interrogated by the invention is gDNA (i.e. the starting material or the material
analysed is suitably gDNA).

This is an advantage because when the source material is DNA such as gDNA, the
intron between J and C regions is too large to cover using current sequencing
technologies. Therefore the invention delivers a technical advantage by inferring the C

region type from an analysis of the J region.

- PCR strategy

To determine the J type of a cell, typically nucleotide sequence information of the J
region of that cell is required. Currently direct sequencing of gDNA from cells is not

practical. Therefore in order to obtain the nucleotide sequence information, an

intermediate amplification step is used, such as polymerase chain reaction (PCR), in
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order to produce enough nucleic acid for nucleotide sequence information to be

generated.

Advantageously a two-step PCR strategy may be used.

For example, a first PCR (“PCR 1) is qualitative to make seed copies using low
concentrations of a number of different primers in the mixture, and a second PCR
(“PCR 27) is quantitative to amplify up those seed copies using adaptor primers
(sometimes called anchor primers or universal primers) (i.e. using the same primers
independent of whichever V/J sequences are present) to produce enough material for
NGS.

Of course the skilled reader will realise that it is likely that one could amplify directly
from the source material in a single PCR. Therefore a two-step PCR strategy is not
essential, but is advantageous. In practice it is advantageous to perform a second
“nested” PCR step which has the benefit of increasing the yield and/or detection e.g. of

the clonal population.

Multiplex PCR

Suitably as an initial step once the DNA is prepared, it is subjected to a multiplex PCR.
This may contain a number of primers from the V region, and/or a number of primers
from the D region, and/or a number of primers from the J region - most suitably a
number of primers from each of the V and the D and the J regions. Thus, these primers
anneal at their individual sites throughout the nucleotide sequence being interrogated
and the amplification products can be analysed after the PCR reaction to ensure
integrity/reliability and proceed to sequencing. Suitably the multiplex PCR products
are used in an NGS sequencing approach such that essentially the whole repertoire of
PCR products is sequenced. At this point, standard data analysis techniques are used
in order to determine clonality and/or pick the clone which is clearly over represented
(i.e. represents the clone of interest/the tumour of interest). This determination of
clonality may be carried out by any suitable technique known in the art, most suitably
carried out by following the TFU for the LymphoTrack Dx TRB assay - MiSeq kit, most
suitably IFU (instructions for use) 280410, which is hereby incorporated herein by

reference.
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ALTERNATIVE METHODS TO DETERMINE T CELL CLONALITY

Known TCR based clonality assays have employed the restriction enzyme digestion of
DNA, followed by gel electrophoresis and Southern blotting using probes for the known
TCR gene. Although effective and useful in practising the invention, this technique can
be labour intensive, can take days to complete, can require high quantities of intact
DNA to be run and can be of low sensitivity.

Thus, it may be advantageous to use PCR-based techniques to determine clonality.
PCR-based techniques are routinely used for clonality assessment. Internationally
accepted PCR primer sets have been introduced to further standardise PCR-based T cell
clonality assays. The primers most frequently used in PCR-based TCR clonality
analysis, are termed the BIOMED primer set (van Dongen et al 2003). van Dongen et al
2003 (Leukaemia 2003 volume 17 pages 2257-2317) discloses certain PCR methods
that may be used in the present disclosure. In more detail, van Dongen et al 2003
discloses sets of standard primers for clonality determination, in particular reference is
made to Figure 4b, Figure 5a, Figure 6b, Figure 7b, Figure 8b, Figure 10b, Figure 11a,
Figure 12a and Figure 13a of van Dongen 2003. Thus van Dongen et al 2003 is
specifically incorporated by reference solely for the teaching of such PCR methods and

PCR primers, and no other purpose.

Assays based on these BIOMED (van Dongen 2003) primers allow the PCR products of
Ig/TCR genes to be analysed for clonality by heteroduplex analysis or GeneScanning.
Amplification and sequencing of the PCR product(s) from such assays can be used to
identify the J region and thus allow inference of the C region as described herein.
However, it will be noted that such assays can include artefact(s) from infiltrating T
cells and a rearranged TCR sequence may not be observed in a background of non-
clonal T cells within a biopsy. In this situation it is desirable to sequence the products
by NGS. Using NGS techniques as in the preferred embodiments described herein is

advantageous for this reason.

Alternatively clonality may be determined by using the Immunoseq TCRB Assay
(Adaptive Biotechnologies, 1551 Eastlake Ave E, Ste 200, Seattle, WA 98102, USA).

Primers

Standard primers may be used, such as for example those provided in the
LymphoTrack® Dx TRB Assay Kit — MiSeq (Invivoscribe, e.g.10222 Barnes Canyon
Road, Building 1, San Diego, CA 92121, USA).
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Standard primers may be used, such as for example those provided in the BIOMED

primer set (van Dongen et al 2003 - see above).

ReadOut

Notwithstanding the possible approaches mentioned above, or any other method of
reading out the nucleic acid sequence known to the person skilled in the art, most
suitably the nucleotide sequence information is read out (determined) by subjecting the
nucleic acid(s), such as PCR amplified nucleic acid(s), to next generation sequencing
(NGS). This is advantageous because it provides quantitative information, allowing the
dominant clone in the NGS data to be easily identified. Moreover, this represents a
single step — the PCR amplified nucleic acids can be directly NGS sequenced in a “one-
step” procedure. Alternate methods such as probe or primer based approaches noted
above, whilst effective, do not have the advantage of combination with NGS sequencing
since they would require more time consuming and/or costly steps to be carried out.

Thus, most suitably the sequence information is read out by NGS.

Most suitably the nucleotide sequence information is read out (determined) by using
the LymphoTrack Dx TRB Assay— MiSeq assay (Invivoscribe, e.g.10222 Barnes Canyon
Road, Building 1, San Diego, CA 92121, USA ).

The invention may be applied to the monitoring of minimal residual disease, because
this delivers the advantage of obtaining quantitative information. For example, in
applying the invention to monitoring of minimal residual disease, the percentage of the
clone of interest (i.e. the T-cell cancer cells) is obtained from the NGS data whereas
merely detecting the presence or absence of the characteristic transcript of that
particular patient’s disease (e.g. using primers to their CDR/variable regions) would
only give a binary (yes/no) answer to the question or whether or not MRD is present.
By using the invention to detect or monitor MRD, the quantitative information
provided by the combination with NGS read out is valuable and therefore

advantageous.
It is a key part of the invention that the link from the J region to the C region is

exploited i.e. inferring the identity of the C region from determining the identity of the

J region.
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J REGION TYPING

As will be apparent from the above, the particular reagents/techniques used to obtain
the sequence information from the J-region of interest are not critical to the invention.

Using NGS to obtain the information offers advantages as discussed.

However it may be that information from one or more existing NGS based clonality
determination method(s) may be used to infer the C-region usage rather than requiring

that a specific NGS method as disclosed herein be used to carry out the sequencing.

For example a skilled person could use a kit that allows the determination of clonality
and use that information to type the J-region. This information on the J-region type
can then be used with the C-region correlation which we demonstrate herein to infer

the TCR Beta constant region usage as described.

Thus the skilled reader can appreciate that the invention should not be unduly
restricted to the particular primer set(s) and/or design parameters exemplified herein,
although those offer certain advantages. Rather, the skilled worker may use ‘off the
shelf or commercially available kits or services for sequence determination (e.g.

clonality determination, more commonly referred to as ‘immunosequencing’).

In brief, immunosequencing refers to sequence determination of the immune
repertoire in a population of T-cells or B-cells. In the case of this invention, the cells of
interest are T-cells. In overview, the process involves a first PCR amplification
focussing on a nucleic acid segment of interest, for example a key CDR of the TCR. This
is typically followed by a second amplification using different primers, which primers
are conveniently tagged to facilitate sequence determination. After this second
amplification, the nucleic acid products are then sequenced, most typically using NGS
(next generation sequencing) techniques which exploit massively parallel
determination of millions of individual sequences originating from the same original
sample. This sequence data is then captured and computationally analysed to answer
the questions of interest. In the context of the present invention, the output from the
immunosequencing would be used to examine the sequence of the J-region, thereby
allowing the particular J gene present in each sequence to be determined. Therefore,
although any commercially available immunosequencing (clonality testing) kit or
service may be used in the present invention, it is vital that any such kit or service

provides sequence information for the J-region.
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For example, kits that may be used to obtain the required data are: LymphoTrack® Dx
TRB Assay Kit — MiSeq (Invivoscribe, e.g. Invivoscribe SARL, ZI Athélia TV - Le Forum
- Bat B, 515 Avenue de la Tramontane, 13600 La Ciotat, France) and/or the Immunoseq
TCRB Assay (Adaptive Biotechnologies, 1551 Eastlake Ave E, Ste 200, Seattle, WA
098102, USA). More suitably, kits that may be used to obtain the required data are:
LymphoTrack® Dx TRB Assay Kit — MiSeq (Invivoscribe, e.g.10222 Barnes Canyon
Road, Building 1, San Diego, CA 92121, USA ) and/or the clonoSEQ Assay or the
Immunoseq TCRB Assay (Adaptive Biotechnologies, 1551 Eastlake Ave E, Ste 200,
Seattle, WA 98102, USA).

With reference to the adaptive biotechnologies kit/service (see above), this is focussed
on the CDR3 region which serves as a “unique” ID or tag for each of the individual
clones within the sample. In this kit, the forward primer for the initial PCR reaction is
located in the V-region, and the reverse primer for the initial amplification is located in
the J-region. Thus, appropriate segments of the J-region are analysed in this manner
and so the kit is suitable for use in the present invention. In the context of the
invention, the sequence information of the J-region of the individual clones can be
taken from the output of the kit/service, and from this information the J gene type
expressed in the cell may be determined, and from that J gene type the TRBC gene type

expressed in that clone may be inferred according to the present invention.

Suitably the nucleic acid extraction protocol (if any) is as in the manufacturer’s

instructions.

NUCLEIC ACID SEQUENCING

Of course the skilled worker could implement their own sequencing protocol to
determine the nucleotide sequence information required i.e. to determine the
nucleotide sequence of one or more characteristic segment(s) of the J-region as
described herein.

In essence, such an approach requires accessing nucleotide sequence information of the
J-region from the T-cell(s) of interest. This could be done using standard approaches
such as amplification of a nucleic acid section encompassing the relevant segment(s) of
the J-region, followed by sequence determination e.g. using a standard NGS approach.
Of course other approaches might equally be employed such as by separating

amplification products by electrophoresis and sequencing dominant product(s), or even
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by cloning and in vitro manipulation of recombinant nucleic acid(s) of interest, or by

diagnostic PCR using primers specific for particular J-type(s) if desired.

Such techniques are considered routine and capable of implementation by a person
skilled in the art in view of the detailed disclosures provided herein. In case any further

guidance is required, key elements are outlined below.

- Primer Design

Primer design may be accomplished by the skilled person either manually or using
freely available tools such as Eurofins Genomics' primer design tools (Eurofins
Genomics, Anzinger Str. 7a, 85560 Ebersberg, Germany), or the Primer-BLAST service
from National Center for Biotechnology Information, U.S. National Library of
Medicine, 8600 Rockville Pike, Bethesda MD, 20894 USA, or the Prime+ program of
the BioComp or SeqWEB suites (formerly the Accelrys GCG package / GCG Wisconsin

Package), or any other suitable tool.

Alternatively, numerous commercially available primer design and production services
may be used, for example from ThermoFisher (Thermo Fisher Scientific, 168 Third
Avenue, Waltham, MA USA 02451), Eurofins Genomics (see above) or any other

suitable service provider.

It is important to avoid PCR bias in the amplification reaction. This is important to

ensure that accurate quantitative information is obtained.

PCR bias may be reduced or eliminated using standard techniques. For example, in
outline this involves using a first range of primers at the same initial concentration for a
first or preliminary amplification. The results of this amplification are then analysed.
Typically, PCR bias is observed in that different PCR products are found at different
concentrations in the resulting amplified nucleic acid mixture. Without wishing to be
bound by theory, this is typically attributed to differing efficiencies or performance of
the primers in the initial mixture. The PCR primer concentrations are then adjusted,
lowering the concentrations of the best performing primers (i.e. those leading to the
highest concentration of amplified nucleic acid) and increasing the concentration of
under-performing primers (i.e. those leading to the lowest concentrations of nucleic
acid in the amplified products). In this way, the effects of PCR bias can be dramatically

reduced or eliminated, leading to a more even distribution of concentrations of PCR
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products in the final amplified nucleic acid mixture. This type of optimisation to
reduce or eliminate PCR bias is a matter of routine for a person skilled in the art, and

can be conducted by a “trial and error” analysis as outlined above.

In addition, or alternatively, PCR bias may be reduced or eliminated by using primers

selected from the pools described below.

- Nested/Anchored Primer Design

As is conventional in the art, the qualitative initial amplification may be followed by a
quantitative amplification using universal primers situated in the 5’ ends of the initial
primers used for the qualitative amplification. Thus, the “nest” or “anchor” 5’ tails may
be incorporated into the primers used in the initial amplification in order to permit a
secondary/universal/quantitative amplification to be subsequently carried out.
Suitable nest or anchor sequences are selected by the operator, as is well known in the
art.

Exemplary nested primer (primer extensions) or anchor sequences are provided below.

DATA QUALITY

The number of total sequencing reads obtained can influence data quality, as can the
proportion of the total sequencing reads attributable to a single clone out of the total
number of the reads obtained. In deciding whether or not the data can be relied upon,
standard statistical techniques are applied, for example as in the instructions for use
(IFU) of the LymphoTrack Dx TRB assay - MiSeq kit, most suitably IFU (instructions
for use) 280410.

DETERMINATION OF J REGION

Suitably NGS is used to provide sequence information of the nucleic acid derived

from/amplified from a sample.

This sequence information is then interrogated to decide which J region is present in

the target sequence.
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Although the sequence comparison can be done by any means, including by eye,

typically a computer algorithm is used to compare a known sequence characteristic of a

particular J region to the sequence information from the NGS analysis. A match

between the query sequence (the known J region sequence) and the target sequence

(the sequence from the NGS analysis of the nucleic acid from the patient sample)

indicates the presence of that corresponding J region.

A summary of the J region sequences which are diagnostic or indicative of the identity

of a particular J region present are as follows:

Table 1 J region sequence Identity of | TRBC1 or
J region TRBCz2
gene
inferred
from
identity of
J region
SEQ ID NO:1 tgaacactgaagctttctttggacaaggcacc TRBJ1-1 TRBC1
agactcacagttgtag
SEQID NO:2 | ctaactatggctacaccttcggttcecggggace | TRBJ1-2 TRBC1
aggttaaccgttgtag
SEQID NO:3 ctctggaaacaccatatattttggagagggaa | TRBJ1-3 TRBC1
gttggctcactgttgtag
SEQ ID NO:4 caactaatgaaaaactgttttttggcagtgga | TRBJ1-4 TRBC1
acccagctctctgtcttgg
SEQ ID NO:5 tagcaatcagccccagecattttggtgatggga | TRBJ1-5 TRBC1
ctcgactctccatcctag
SEQ ID NO:6 ctcctataattcacccctccactttgggaatg | TRBJ1-6 TRBC1
ggaccaggctcactgtgacag allele 1
SEQ ID NO:7 ctcctataattcacccctceccactttgggaacyg | TRBJ1-6 TRBC1
ggaccaggctcactgtgacag allele 2
SEQ ID NO:8 ctcctacaatgagcagttcttecgggeccaggga | TRBJ2-1 TRBC2
cacggctcaccgtgcectag
SEQ ID NO:9 cgaacaccggggagctgttttttggagaagge | TRBJ2-2 TRBC2
tctaggctgaccgtactgg
SEQID NO:10 | ctgagaggcgctgetgggegtetgggeggagyg | TRBJ2-2P | TRBC2
actcctggttctgg
SEQID NO:11 | agcacagatacgcagtattttggcccaggcac TRBJ2-3 TRBC2
ccggctgacagtgcectceg
SEQID NO:12 | agccaaaaacattcagtactteggecgecggga TRBJ2-4 TRBC2
ccecggcectcectcagtgetgg
SEQ ID NO:13 | accaagagacccagtacttcgggeccaggcacyg | TRBJ2-5 TRBC2
cggctcctggtgcecteg
SEQID NO:14 | ctctggggccaacgtccetgacttteggggecg | TRBJ2-6 TRBC2
gcagcaggctgaccgtgcectgg
SEQID NO:15 | ctcctacgagcagtacttegggecgggecacca | TRBJ2-7 TRBC2
ggctcacggtcacag allele 1
SEQID NO:16 | ctcctacgagcagtacgtcegggecegggcacca | TRBJ2-7 TRBC2

28




WO 2020/025928 PCT/GB2019/052011

| | ggctcacggteacag [allele2 |

The skilled worker may possibly shorten some of the sequences in Table 1, for example
to about 30bp, always provided that they remain diagnostic or indicative of the identity

of a particular J region present.

It can be seen from the above table that there are different subtypes of J1 (for example
J1-1,J1-2, J1-3 etc.). It can also be seen that similarly there are different subtypes for
J2 (J2-1, J2-2, J2-2P etc.).

10  Theterm “J gene type” as used herein means identity of the J region i.e. whether the J
region is J1 or J2. Thus, the process for identifying a J1 or J2 region being present in

the sample is typically as follows:

e Compare sequence data from J region of interest (i.e. from the cell/sample of
15 interest) to reference J region sequences.
¢ Determine J gene type (i.e. J1 or J2 gene) present in the cell/sample from the

sequence comparison.

Examples of primers that can anneal in the J region are provided below in Table 2.

20 Table 2: Examples of J region-specific primers:

Primer name Primer sequence

TRBJ1-1-Rev 5’ ctacaactgtgagtctggtgcecttg 3’ | SEQID NO: 17
TRBJ1-2-Rev 5’ ctacaacggttaacctgg 3’ SEQID NO: 18
TRBJ1-3-Rev 5’ ctacaacagtgagccaac 3 SEQ ID NO: 19
TRBJ1-4-Rev 5’ ccaagacagagagctgggttccac 37 SEQ ID NO: 20
TRBJ1-5-Rev 5’ ctaggatggagagtcgag 3/ SEQ ID NO: 21

TRBJ1-6-Rev 5’ ctgtcacagtgagcctggtcccrtt 37 | SEQID NO: 22

TRBJ2-1-Rev 5’ ctagcacggtgagccgtgt 37 SEQ ID NO: 23
TRBJ2-2-Rev 5’ ccagtacggtcagcctagag 3/ SEQ ID NO: 24
TRBJ2-2P-Rev | 5’ ccagaaccaggagtcctce 37 SEQ ID NO: 25
TRBJ2-3-Rev 5’ cgagcactgtcagecgggtg 37 SEQ ID NO: 26
TRBJ2-4-Rev 5’ ccagcactgagagccgggtcececg 37 SEQ ID NO: 27
TRBJ2-5-Rev 5’ cgagcaccaggagccge 3 SEQ ID NO: 28
TRBJ2-6-Rev 5’ ccagcacggtcagcctge 37 SEQ ID NO: 29

TRBJ2-7-Rev 5’ ctgtgaccgtgagcctggtgeceggl’ SEQ ID NO: 30
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Forward primers may be designed by the skilled operator.

Once the J1 or J2 determination has been made, the final step is to infer the identity of
the C region from the knowledge of the J region.

The term “C gene type” or “TRBC gene type” as used herein means identity of the C
region i.e. whether the C region is C1 or C2

Thus, suitably the final step is:

o If presence of a J1 gene is determined, the presence of a C1 gene is inferred; if

presence of a J2 gene is determined, the presence of a C2 gene is inferred.
When comparing the characteristic J region sequences (reference sequences) to the
target sequence (the nucleotide sequence from cell/sample of interest), suitably a 100%

match is required.

INCOMPLETE RECOMBINANTS

Occasionally cells will have undergone incomplete V/D chain rearrangement. In these
circumstances, it may be possible to observe a D-J join (rather than a V-J join).

Typically any information collected on D-J joins is disregarded in favour of V-J joins.

CLINICAL CONSIDERATIONS

It can be seen from of the exemplary data provided in this document that there is
approximately 0.1115% of transcripts which may be J2-C1 or J1-C2 (0.1027% J1-C2 +
0.0088% J2-C1 = 0.1115%). It must be noted that linkage is at the transcript level.
Therefore, this 0.1115% is not a risk of misdiagnosis, this is the rate at which the TCR
on the cell surface might be “other” than expected due to an alternate transcript being
produced at the nucleic acid level within the cell. In other words, the method of the
invention robustly identifies the single rearranged TCR [ gene in the cell being either
TRBC1 or TRBC2 as inferred from the J region, but within that cell there may
occasionally still be a very low level of alternate transcript produced. Thus, in practical
terms, this means that the cell would display 99.8885% of the expected combination,
but may display 0.1115% unexpected combinations due to this measure of

transcriptional variation. In all practical terms this has minimal or zero effect on the
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patient/treatment/diagnostic use of the methods of the invention. This isin no way a

0.1115% error rate/misdiagnosis.

In more detail, it must be borne in mind that the 0.115% error rate refers to TCRs
displayed on cell, and not to any kind of error rate in the sense of diagnosing the
patient. Therefore, even if due to transcriptional variability of natural processes within
the cell, there are occasionally TCRs produced which are (for example) J1-C2 or J2-C1,
in all practical senses the overwhelming majority of T cells in that patient will still
display accurately the particular J/C combination determined by the methods of the
invention. Therefore, treatment based on the information provided by the methods of
the invention will still be effective and it is an advantage of the invention that any
natural variability in the transcripts produced in individual cells does not negatively

affect the diagnostic value of the invention.

The inventors assert that the method is at least 99% accurate in the sense of observing
‘unexpected’ combinations (such as J1-C2 or J2-C1) in less than 1% of cases. In other
words, the inventors assert that at least 99% of cases reflect the remarkable and

surprisingly close linkage of the J and C genes upon which the invention is based.

FURTHER EMBODIMENTS

In one aspect, the invention relates to a method comprising
(a) determining the J gene type expressed in a cell, and
(b) inferring from (a) the T cell receptor B chain (TRBC) gene type expressed in said

cell.

In one aspect, the invention relates to a method as described above wherein step (a)
comprises:

(ai)  determining the nucleotide sequence of at least a segment of said J gene from
said cell; and

(aii) comparing the nucleotide sequence determined in (ai) to one or more J gene
reference nucleotide sequence(s), and

(aiii) identifying the J gene type from sequence identity of the nucleotide sequence of

the segment of said J gene of (ai) to the J gene reference nucleotide sequence(s) of (aii).
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FURTHER ADVANTAGES

Prior art methods such as IHC can require use of frozen tissue (e.g. for analysis of
JOVI-1), which is labour intensive, and not always available. In addition, the qualitative
nature of IHC methods may lead to misdiagnosis and/or may be prone to
interpretation errors made by the diagnosing pathologist. Thus, IHC can be subjective
and/or prone to operator error, which are problems in the art. It is an advantage of the
invention that operator error is diminished in genomic assays since extraction

protocols and sequencing are routine and may be automated.

A further advantage of the invention is that a molecular diagnosis enables the tracking
of minimal residual disease (MRD) in blood with high accuracy once the clone

responsible for the disease has been identified.

Patent application W0O2016/051205 described an RNAscope method. However, the
RNAscope assay has limitations in that the probes detect RNA, which is required to be
of a sufficient length and integrity to enable probe binding. While RNAscope should
enable the detection of material from fixed tissue, genomic assessment can be
determined from DNA and thus provides a more stable source material for the assay,
which is an advantage of the invention. Moreover, a recent publication has indicated
that there is a third transcript (known as TRBCX — see Lethe et al 2017 (Immunity,
Inflammation and Disease 2017; 5(3): 346—354)). This would make it impossible to
differentiate between TRBC1/2 RNA transcripts through probe design, as such
RNAscope would likely not be suitable as an assay for this application, which problem

is advantageously solved by the present invention.

It is a further advantage of the invention that a greater level of accuracy is provided

compared to prior art methods e.g. qualitative assays or ‘by-eye’ methods such as THC.

It is an advantage of the invention that the prior art practitioners have not associated
the V/D chain junction (i.e. J-region) with particular C region identities. This valuable
insight, including the very surprising close linkage between the J type and the C type

within the TRBC gene, is a remarkable advance upon which the invention is based.

Further particular and preferred aspects are set out in the accompanying independent

and dependent claims. Features of the dependent claims may be combined with
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features of the independent claims as appropriate, and in combinations other than

those explicitly set out in the claims.
Where an apparatus feature is described as being operable to provide a function, it will
be appreciated that this includes an apparatus feature which provides that function or

which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 shows a bar chart.
FIGURE 2 shows a diagram.
FIGURE 3 shows a diagram.
FIGURE 4 shows IMGT output.

The invention is now described by way of example which is intended to illustrate,

rather than limit, embodiments of the invention as set out in the claims.

EXAMPLES

Example 1: Correlation Of Joining And Constant Regions

TRBC transcripts were amplified using 5RACE from 4 normal Human Tonsil samples.

See Figure 2 which shows NGS analysis of 4x10¢ unique T cell transcripts.

PCR products of ~ 530 — 620 bp in length were pooled and sequenced using Miseq

illumina sequencing. Pair-end reads of 2 X 300 bp were acquired.

Results are shown in Figure 1.

Example 2: Application to DNA

We refer to Figure 3.
Suitably the DNA is genomic DNA.

Example 3: Read Out of Sequence

We refer to Figure 4.
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IMGT output is shown.

Example 4

In this study various TRBC1/2 expressing cell lines were tested (Table 4).
Data from various T-cell lymphoma samples are also presented (Table 5).
We also provide an exemplary nucleic acid extraction protocol and exemplary NGS

protocol.

In this example, data are obtained using the LymphoTrack® Dx TRB assay from

Invivoscribe.

METHODS

Formalin Fixed paraffin embedded (FFPE) cell lines (Jurkat, MJ, Hg9, HPB and Raji)
and FFPE T-cell lymphoma samples were analyzed with the LymphoTrack Dx TRB
Assay— MiSeq assay. DNA from each cell line and T-cell lymphoma sample was
extracted from 10-15 5uM FFPE sections using the Qiagen GeneRead DNA FFPE kit

following the instructions from manufacturer unless otherwise mentioned herein.

DNA concentration was quantified using Qubit 3.0. DNA was tested in singles by the
LymphoTrack Dx TRB Assay — MiSeq following the Assay IFU (280410). The FASTQ
files from MiSeq runs were analyzed by the LymphoTrack Dx Software — MiSeq v2.4.3
following Software IFU (280344).

Sectioning of FFPE Tissue Blocks

1. Chill paraffin-embedded tissue blocks on ice before sectioning. Cold wax
allows thinner sections to be obtained by providing support for harder
elements within the tissue specimen. The small amount of moisture that
penetrates the block from the melting ice will also make the tissue easier
to cut.

2. Fill a waterbath with ultrapure water and heat to 40-45°C.

3. Place the blade in the holder, ensure it is secure and set the clearance
angle. The clearance angle prevents contact between the knife facet and
the face of the block. Follow the microtome manufacturer’s instructions
for guidance on setting the clearance angle. For Leica blades this is
normally between 1° and 5° (Figure 1).

4. Insert the paraffin block and orientate so the blade will cut straight

across the block.
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5. Carefully, approach the block with the blade and cut a few thin sections
to ensure the positioning is correct. Adjust if necessary.

6. Trim the block to expose the tissue surface to a level where a
representative section can be cut. Trimming is normally done at a
thickness of 10-30 um.

7. Cut sections at a thickness of about 4-5 um (you will probably need to
discard the first few sections as they are likely to contain holes caused by
trimming).

8. Using tweezers, pick up the ribbons of sections and transfer to an
autoclaved or DNAse free microtube (1.5mL).

9. Proceed with DNA isolation using the Qiagen GeneRead DNA FFPE kit

following the instructions from the manufacturer.

Nucleic Acid Extraction Procedure

There are several DNA extraction kits that can be used. In this example, DNA is
extracted using the Qiagen’s GeneRead DNA FFPE Kit.

The GeneRead DNA FFPE procedure removes paraffin and reverses formalin cross-
links from the DNA sample before it is bound to the QTAamp MinElute column. After
heating to remove cross-links, the DNA is accessible for the specific removal of
deaminated cytosine residues by the enzyme Uracil-N-Glycosilase (UNG). The
optimized reaction mixture provides conditions in which the UNG can specifically
remove artificially induced uracils from the DNA obtained from the FFPE sample. After
the binding of DNA to the spin column, residual contaminants such as salts are washed
away by Buffers AW1 and AW2, and ethanol. Any residual ethanol, which may interfere
with subsequent enzymatic reactions, is removed by an additional centrifugation step.

DNA is eluted and is now ready to use in next-generation sequencing workflows.

Sequence Determination Procedure
In this example sequence is determined using the NGS protocol - LymphoTrack

Dx TRB Assay— MiSeq assay:
1. Using gloved hands, remove the Master Mixes from the freezer.
Allow the tubes to thaw; gently vortex to mix.
2. In a containment hood or dead air box, pipette 45ul of Master
Mix into individual wells of a PCR plate. One well for each of the
Master Mixes and one Master Mix per sample, positive, negative

or no template controls.
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Add o.2ul EagleTaq DNA polymerase (EagleTaq @5 U/uL) to
each of the Master Mixes.

Add 5ul of sample DNA (at a minimum concentration of
10ong/ul) and 5uL of control samples to wells containing the
respective Master Mix reactions and pipette up and down 5-10
times to mix.

Add 5uL of molecular biology grade water to the well containing
the respective Master Mix for no template control and pipette up
and down 5-10 times to mix.

Amplify target DNA using the following thermal cycler program:

Step

Temperature | Time Cycle

[u—y

95°C 7 minutes 1

05°C 45 seconds

60°C 45 seconds 20x

72°C 90 seconds

72°C 10 minutes 1

MO W N

15°C *forever* 1

10.

11.

12.

13.

14.
15.

Remove the amplification plate from the thermal cycler

Purify the PCR products using the Agencourt AMPure XP PCR
Purification system. Add 35 ul of particles to each 50 ul reaction;
elute DNA in 25 ul eluate.

Quantify amplicons using the KAPA library quantification kit
according to the kit instructions. Dilute amplicons 1:4,000 before
proceeding to qPCR.

Pool equal amounts of amplicons from samples (do not include
the no template control), dilute 1:1,000 and quantify the library
using the KAPA library quantification kit.

Denature and dilute the library to 12 pM for MiSeq reagent kit v2
and 12-20 pM for MiSeq e=reagent kit v3 (MCS v2.6).

Load 600 ul of denatured and diluted library to the MiSeq
Reagent Cartridge.

Set up a MiSeq sample sheet using the Illumina Experiment
Manager (v1.4 through v1.13).

Start the MiSeq run.

Analyze and visualize the acquired data using the associated

LymphoTrack Dx Software — MiSeq package.
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LyvmphoTrack Dx Software — MiSeq package Interpretation and Reporting
The Merged Read Summary report should be used to identify the top merged read

sequences and their frequencies prior to clonality determination using the criteria

listed in Table 3.

Table 3

Criterion 1 Criterion 2 Criterion 3 Criterion 4 Call
The % reads EVIDENCE OF
for a suspected | CLONALITY
clonal merged | DETECTED

The total
number of
reads for each
sample is =

20,000.

The top
merged
sequence has
2 2.5% of the
total reads.

sequence is >

There is at least | 2X the % reads
one D-J for the 5th
rearrangement most frequent
detected in the merged
four most sequence.!
frequent merged | The % reads No evidence of
sequences for a suspected | clonality
clonal merged | detected
sequence is <
2X the % reads
for the 5th
most frequent
merged
sequence.!
The % reads EVIDENCE OF
for a suspected | CLONALITY
clonal merged | DETECTED
There are no D- | sequence is >
J 2X the % reads
rearrangement | for the 3rd
detected in the most frequent
four most merged
frequent merged | sequence.!
sequences The % reads No evidence of
for a suspected | clonality
clonal merged | detected

sequence is <
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2X the % reads
for the grd
most frequent
merged

sequence.!

The total
number of
reads for each
sample is =
10,000 and
< 20,000.

The top
merged
sequence has
2 5.0% of the
total reads.

There is at least
one D-J
rearrangement
detected in the
four most

frequent merged

The % reads
for a suspected
clonal merged
sequence is >
2X the % reads
for the 5th
most frequent
merged

sequence.!

EVIDENCE OF
CLONALITY
DETECTED

The % reads

No evidence of

sequences for a suspected | clonality
clonal merged | detected
sequence is <
2X the % reads
for the 5th
most frequent
merged
sequence.!
The % reads EVIDENCE OF
for a suspected | CLONALITY
clonal merged | DETECTED

There are no D-
J
rearrangement
detected in the
four most
frequent merged

sequences

sequence is >
2X the % reads
for the grd
most frequent
merged

sequence.!

The % reads
for a suspected
clonal merged
sequence is <
2X the % reads

No evidence of
clonality
detected
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for the grd
most frequent
merged
sequence.!
The total
number of N/A N/A N/A Not evaluable
reads for each
sample is <
10,000.

t Software calculations are rounded to the nearest tenth for comparison.

RESULTS
Diagnostic and histology data for the T cell lymphoma samples can be found in Table
5 6.

Referring to the tables below, “total count” means the total number of reads obtained
from the NGS instrument. “Length” means the length of read obtained. “V-gene”
refers to the V gene type detected. “J-gene” refers to the J gene type detected.

10  “Percentage total reads” is the percentage out of the total number of reads which

matched this specific gene sequence as determined.

It will be observed that certain rows in the table(s) show more than one V gene or J

gene type from a single sample — this can happen when a D-J join is detected as well as
15 aV-Jjoin. Asexplained elsewhere in this document, any D-J joins detected are

discarded since they represent incomplete recombination events. Suitably the J gene

type determined is from a V-J joined J gene (J region).
Cell Lines
20  DNA concentrations, amplicon concentrations and Top 1 and/or 2 clonal

rearrangements for the cell lines are summarized in Table 4:

Table 4. Top 1 and/or 2 clonal rearrangements for the cell lines

Cell DNA input | Total Length | V-gene |J-gene | %total | TRBC
Type into PCR | Count reads (Cior
(ng) C2)
Jurkat | 30 658,707 198 Vbi12-4 Jb1-2 75.92 C1
HPB- 25 33,238 219 Vbs-5 Jb2-5 1.43 C2
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ALL
Hog 50 588,668 205 Vb13 Jb1-2 89.18 C1
MJ 6.5 92,995 C1
7-55
Raji 25 46,883 Non-
clonal

Shading represents incomplete D-J rearrangements

One cell line sample (MJ) was detected with 2 clonal rearrangements. The D/J

rearrangements are an incomplete rearrangement and will spliced out in V-J-C

5 combination. Data from incomplete rearrangement(s) such as D/J rearrangements is
suitably discarded. Focus is on the complete V/J rearrangements. Thus for ‘MJ’, the
‘Db1 ‘ row of data is discarded due to being incomplete rearrangement. The Vb28 row
of data is retained.

10  One cell line sample (Raji) was detected with the top % total reads less than 1.0% and is
non-clonal. Data which is non-clonal is suitably discarded. Focus is on data which is
clonal.

Following discarded data as explained above, Table 4A is produced.
15
Table 4A. Top 1 and/or 2 clonal rearrangements for the cell lines
Cell DNA input | Total Length | V-gene |J-gene | %total | TRBC
Type into PCR | Count reads (Cior
(ng) C2)
Jurkat | 30 658,707 198 Vbi12-4 Jb1-2 75.92 C1
HPB- 25 33,238 219 Vbs-5 Jb2-5 1.43 C2
ALL
Hog 50 588,668 205 Vb13 Jb1-2 89.18 C1
MJ 6.5 92,995 189 Vb28 Jb1-1 17.55 C1
Based on J1-C1 and J2-C2 correlations, MJ is C1.
Three cell line samples (Jurkat, HPB-ALL and H9) were detected with one V-J
20  rearrangement. Based on J1-C1 and J2-C2 correlation, Jurkat and Hg cells are C1 and

HPB-ALL cells are C2.

All cell line data is consistent with the reported literature.
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DNA concentrations, amplicon concentrations and Top 1 and/or 2 clonal

rearrangements for the T-cell lymphoma samples are summarized in Table 5.

Four T-cell lymphoma samples (F19542.1a, F19539.1c, F19538.A1b and TS18-1512A)
are detected with 2 clonal rearrangements. Data from incomplete rearrangement(s)
such as D/J rearrangements is suitably discarded. Focus is on the complete V/J
rearrangements. Thus for these samples the ‘Db1’ or ‘Db2’ rows of data are discarded
due to being incomplete rearrangements. The Vb13, Vb29-1, Vb12-4 and Vb6-4 rows of

data are retained.

Two samples (TS18-1508A and TS18-1499A) are detected with either none-J or D-J
rearrangements, and/or the top % total readsless than 1.0% and are considered non-
clonal. Data from remaining samples determined to be non-clonal or not-evaluable
according to IFU 280410 of the LymphoTrack kit, more suitably according to Table 3
above, are discarded. Data which is non-clonal is suitably discarded. Focus is on data

which is clonal.

Following discarded data as explained above, Table 5A is produced.
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Table 6. Diagnostic and histology data for the T cell lymphoma samples

Sample Histological Tumor Type Tissue Type aTCR
ID IHC
Fi9542.1a | Peripheral T cell lymphoma, nos Lymph Node, +
Axillary
F19539.1c | Peripheral T cell lymphoma, nos Lymph Node +
F45038.b Peripheral T cell lymphoma, nos Lymph Node +
F19538.A1b | Angioimmunoblastic T cell lymphoma Lymph Node, +
Inguinal
FF6679.B1b | Hodgkin's like, Anaplastic Large T-cell (Ki- Lymph Node, +
1+) lymphoma Mediastinal
F45029.B5 | Peripheral T cell lymphoma, nos Lymph Node +
TS18- Cutaneous, Anaplastic Large T-cell lymphoma, | Lymph Node -
1508A ALK-positive
TS18-1513A | Anaplastic Large T-cell lymphoma, ALK- Lymph Node, +
positive Cervical
TS18-1512A | Cutaneous, Anaplastic Large T-cell ymphoma, | Lymph Node, +
ALK-positive Axillary
TS18- Anaplastic Large T-cell lymphoma, ALK- Lymph Node, -
1499A positive Cervical

4TCR Immunohistochemistry (IHC) staining was performed to determine the presence
of T cell receptors in the samples. 8/10 samples were TCR positive and 2/10 samples

were TCR negative by THC.

Based on J1-C1 and J2-C2 correlations (Table 5A), F19542.1a is C1, F19539.1¢c and
TS18-1512A are C2.
One sample (F45038.b) is detected with one V-J rearrangement (Vbi2-4/Jb1-6). Based

on J1-C1 and J2-C2 correlation, this sample is C1.

In summary, a sample is identified as having TRBC1 (C1) or TRBC2 (C2) positivity if
the sample is determined to be clonal by the LymphoTrack Dx TRB Assay — MiSeq;
where the presence of a J1 sequence determines C1 positivity or the presence of a J2

sequence determines C2 positivity.
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Although illustrative embodiments of the invention have been disclosed in detail
herein, with reference to the accompanying drawings, it is to be understood that the
invention is not limited to the precise embodiment(s) shown and that various changes
and modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.

All publications mentioned in the above specification are herein incorporated by

reference.
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CLAIMS

1. A method of determining the T cell receptor B chain (TRBC) gene type of a cell,
the method comprising
(a) determining the J gene type expressed in said cell, and

)] inferring from (a) the TRBC gene type expressed in said cell.

2. A method according to claim 1 wherein step (a) comprises:

@) extracting nucleic acid from said cell;

(ii) determining the nucleotide sequence of at least a segment of said J gene from
said nucleic acid; and

(iii)  comparing the nucleotide sequence determined in (ii) to one or more J gene
reference nucleotide sequence(s), and

(iv)  identifying the J gene type from sequence identity of the nucleotide sequence of

the segment of said J gene of (ii) to the J gene reference nucleotide sequence(s) of (iii).

3. A method according to claim 2 wherein said J gene reference nucleotide

sequence(s) are as in Table 1.

4. A method according to claim 2 or claim 3 wherein said nucleic acid comprises
genomic DNA (gDNA).
5. A method according to any of claims 2 to 4 wherein said segment of said J gene

comprises the whole J region of the T cell receptor gene.

6. A method according to any of claims 2 to 5 wherein said segment of said J gene

is comprised by CDR3 of the T cell receptor gene.

7. A method according to any of claims 2 to 6 wherein said segment of said J gene

is selected from the group consisting of:

SEQ ID NO:1 tgaacactgaagctttetttggacaaggcace
agactcacagttgtag

SEQ ID NO:2 ctaactatggctacaccttcggttcggggace
aggttaaccgttgtag

SEQID NO:3 ctctggaaacaccatatattttggagagggaa
gttggctcactgttgtag

SEQ ID NO:4 caactaatgaaaaactgttttttggcagtgga
acccagctctctgtcttgg

SEQID NO:5 | tagcaatcagccccagecattttggtgatggga
ctcgactctccatcctag
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SEQID NO:6 | ctcctataattcaccccteccactttgggaatg
ggaccaggctcactgtgacag

SEQ ID NO:7 ctcctataattcacccecctceccactttgggaacg
ggaccaggctcactgtgacag

SEQID NO:8 | ctcctacaatgagcagttcttcgggecaggga
cacggctcaccgtgcectag

SEQ ID NO:9 cgaacaccggggagctgttttttggagaaggce
tctaggctgaccgtactgg

SEQ ID NO:10 | ctgagaggcgctgetgggegtetgggeggagyg
actcctggttcectygg

SEQ ID NO:11 | agcacagatacgcagtattttggcccaggcac
ccggctgacagtgcectceg

SEQ ID NO:12 | agccaaaaacattcagtacttcggcgceggga
ccecggcectcectcagtgetgg

SEQID NO:13 | accaagagacccagtacttcgggecaggecacyg
cggctcctggtgcecteg

SEQ ID NO:14 | ctctggggccaacgtcctgactttcggggecg
gcagcaggctgaccgtgcectgg

SEQ ID NO:15 | ctcctacgagecagtacttegggecgggeacca
ggctcacggtcacag

SEQID NO:16 | ctcctacgagcagtacgtegggecegggcaccea
ggctcacggtcacag

8. A method according to any of claims 2 to 7 wherein step (ii) comprises:

(1) contacting said nucleic acid with reagents for amplification of at least a

10

15

20

segment of said J gene;

(2) incubating to allow amplification;

3) determining the nucleotide sequence of the amplified segment(s) of said
J gene.
0. A method according to claim 9 wherein said reagents for amplification comprise

at least one forward primer located in the V region of the T cell receptor gene and at
least one reverse primer located in the J region of the T cell receptor gene, or wherein
said reagents for amplification comprise at least one reverse primer located in the V
region of the T cell receptor gene and at least one forward primer located in the J region

of the T cell receptor gene.

10. A method according to claim 8 or claim 9 further comprising:
(2a) carrying out electrophoresis of the amplified segment(s) of said J gene;
(2b)  selecting dominant amplification product(s) from step (2a) for nucleotide

sequencing.

11. A method according to claim 1 wherein step (a) comprises carrying out clonality

determination or immunosequencing on said cell to provide nucleotide sequence
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information for said J gene, and determining the J gene type from said nucleotide

sequence information.

12. A method according to any of claims 2 to 11 wherein determining the nucleotide

sequence comprises NGS analysis.

13. A method according to any preceding claim wherein said cell is present within a
population of cells, and wherein step (a) comprises:

@) extracting nucleic acid from said population of cells;

(iia) determining the nucleotide sequence of at least a segment of said J gene from
said nucleic acid to generate a population of nucleotide sequences;

(iib)  selecting a nucleotide sequence from said population of nucleotide sequences;
(iii) comparing the nucleotide sequence selected in (iib) to one or more J gene
reference nucleotide sequence(s), and

(iv)  identifying the J gene type by sequence identity of the nucleotide sequence of

the segment of said J gene of (iib) to the J gene reference nucleotide sequence(s) of (iii).

14. A method according to any preceding claim wherein said cell is from a subject

having, or suspected of having, a peripheral T cell lymphoma (PTCL).

15. A method according to any preceding claim wherein said cell is a peripheral T
cell lymphoma (PTCL) cell.

16. A method of treating peripheral T cell lymphoma (PTCL) comprising

(a) determining the T cell receptor B chain (TRBC) type of a PTCL cell from said
subject according to any of claims 1 to 15; and

)] administering to said subject a CAR T cell targeted to the T cell receptor B chain
(TRBC) type determined in (a).

17. A CART cell targeted to a T cell receptor 5 chain (TRBC) type 1, or a CAR T cell
targeted to a T cell receptor B chain (TRBC) type 2,
for use in the treatment of peripheral T cell lymphoma (PTCL),

wherein said treatment comprises the method of claim 16.

18. A nucleic acid probe comprising nucleotide sequence selected from the group

consisting of:

SEQ ID NO:1 tgaacactgaagctttctttggacaaggcacc
agactcacagttgtag
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SEQID NOQO:2 | ctaactatggctacacctteggtteggggace
aggttaaccgttgtag

SEQID NO:3 ctctggaaacaccatatattttggagagggaa
gttggctcactgttgtag

SEQ ID NO:4 caactaatgaaaaactgttttttggcagtgga
acccagctctctgtcttgg

SEQ ID NO:5 tagcaatcagccccagecattttggtgatggga
ctcgactctccatcctag

SEQID NO:6 | ctcctataattcaccccteccactttgggaatg
ggaccaggctcactgtgacag

SEQ ID NO:7 ctcctataattcacccecctceccactttgggaacg
ggaccaggctcactgtgacag

SEQ ID NO:8 ctcctacaatgagcagttcttcgggecaggga
cacggctcaccgtgctag

SEQ ID NO:9 cgaacaccggggagctgttttttggagaaggce
tctaggctgaccgtactgg

SEQ ID NO:10 | ctgagaggcgctgetgggegtetgggeggagyg
actcctggttcectygg

SEQID NO:11 | agcacagatacgcagtattttggcccaggecac
ccggctgacagtgcectceg

SEQ ID NO:12 | agccaaaaacattcagtacttcggcgceggga
ccecggcectcectcagtgetgg

SEQ ID NO:13 | accaagagacccagtacttcgggccaggcacg
cggctcctggtgcecteg

SEQ ID NO:14 | ctctggggccaacgtcctgactttcggggecg
gcagcaggctgaccgtgcectgg

SEQ ID NO:15 | ctcctacgagcagtacttcgggcecgggecacca
ggctcacggtcacag

SEQ ID NO:16 | ctcctacgagcagtacgtcgggccgggecacca
ggctcacggtcacag

19. A nucleic acid array comprising at least two different nucleic acid probes

10

according to claim 18.

20. A computer program product operable, when executed on a computer, to

perform the method steps (a) to (b) of any one of claims 1 to 15, more suitably to

perform the method steps (ii) to (iv) of any one of claims 2 to 15, more suitably to
perform the method steps (iia) to (iv) of any one of claims 2 to 15, most suitably to

perform the method steps (iii) to (iv) of any one of claims 2 to 15.

21. A data carrier or storage medium carrying a computer program product

according to claim 20.
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