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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. NC2019/0009080
Solicitud de patente a nombre de IMCYSE SA

Yo, CAROLINA DAZA MONTALVO identificada como aparece al pie de mi firma,
domiciliada en la Carrera 11 No. 86-53, obrando como apoderada de la sociedad
IMCYSE SA, domiciliada en Liege, Bélgica, solicitante de la patente de la referencia, en
respuesta al Oficio No. 11208 notificado mediante notificacidn electrénica el 16 de julio
de 2021, relacionado con el primer concepto técnico de fondo, atentamente me permito
presentar la siguiente informacién:

1. Modificacion al capitulo reivindicatorio

Con fundamento en la facultad que confiere el Articulo 34 de la Decision 486 al
solicitante para modificar la solicitud de patente en cualquier momento del tramite,
presento junto con este memorial un nuevo capitulo reivindicatorio, el cual consta de
ocho (8) reivindicaciones y reemplaza completamente el capitulo presentado
anteriormente. En particular, en el nuevo pliego reivindicatorio se eliminaron las
reivindicaciones 6, 7y 11 a 13.

En cuanto a estas modificaciones, me permito decir que las mismas no amplian de
ninguna manera la materia objeto de la solicitud original, por lo que es posible afirmar
gue el nuevo pliego reivindicatorio se ajusta a las disposiciones del Articulo 34 de la
Decision 486/00.

2. Madificacion al titulo
Con el propédsito de adecuar el titulo de la solicitud de patente al nuevo pliego

reivindicatorio, y en atencién a la amable sugerencia del examinador, se modifica el
titulo de la solicitud como se lee a continuacién:
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“PEPTIDO INMUNOGENICO PARA TRATAR LA DIABETES, COMPOSICION
FARMACEUTICA QUE COMPRENDE EL PEPTIDO Y METODO IN VITRO PARA LA
PRODUCCION DE CELULAS T CD4+ CITOLITICAS QUE COMPRENDE PONER EN

CONTACTO DICHAS CELULAS CON EL PEPTIDO INMUNOGENICO”

3. Pago de tasas

En relacidon con el nimero de reivindicaciones, atentamente nos permitimos decir que
no se adjunta pago por reivindicaciones adicionales, toda vez que el nuevo capitulo
reivindicatorio tiene un numero de clausulas menor que el presentado anteriormente.

Asimismo, considerando que el presente memorial se presenta junto con modificaciones
a las reivindicaciones, se anexa el comprobante de pago correspondiente a la tasa de
modificacion a las reivindicaciones, segun lo establecido en la Resolucion No. 59669 de
2020.

El solicitante se permite manifestar que la materia del actual pliego reivindicatorio
corresponde a la materia estudiada por el examinador en el Oficio No. 11208, pero
limitadas a fin de excluir materia excluida de patentamiento por el articulo 14 de la
Decision 486. No obstante, en caso de considerar necesaria la realizaciéon de un nuevo
examen de patentabilidad para la materia del nuevo pliego reivindicatorio, se solicita
respetuosamente notificarnos al respecto a fin de proceder a realizar el pago
correspondiente.

4. Claridad de la nueva reivindicacion 8

El examinador objeta que la poblacidon de células T CD4+ citoliticas de la antigua
reivindicacion 10, que corresponde a la nueva reivindicacidén 8, esta definida mediante
su método de obtencidon; pero manifiesta que un producto solo puede definirse de esta
manera cuando no puede caracterizarse de otra manera. En consecuencia, el
examinador sugiere incluir las caracteristicas técnicas esenciales que definen la materia,
segun lo divulgado en el capitulo descriptivo.

Al respecto, se hace notar que el solicitante aprecia la observacion del examinador de
gue en Colombia las reivindicaciones de producto definido por su proceso de fabricacion
deben evitarse y usarse solo cuando un producto no se puede caracterizar de otra
manera. Sin embargo, el solicitante respetuosamente manifiesta que las células T
citoliticas CD4+ actualmente reivindicadas cumplen con dicho criterio. De hecho, una
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caracterizacion representativa de los CD4+ citoliticos generados en el presente caso
solo es posible haciendo referencia al método por el que se obtienen.

A partir de la antigua reivindicacion 9, que corresponde a la nueva reivindicacién 7, se
puede deducir que el conjunto a partir del cual se generan las células T CD4+ citoliticas
es una muestra de células sanguineas periféricas aisladas obtenidas de un sujeto. Es
evidente que pueden producirse variaciones menores entre estas células (que actuan
como poblacién de inicio para el método de la reivindicaciéon 7) debido a variaciones
entre diferentes sujetos e incluso temporales en un mismo sujetos. Ademas, y lo que
es mas importante, las células CD4+ citoliticas generadas y sus caracteristicas
estructurales son equivalentes a las descritas en el estado de la técnica, aunque
muestran propiedades marcadamente diferentes, tal como se discute en detalle en la
seccién de novedad del presente escrito.

Particularmente en vista de la variabilidad descrita anteriormente, el solicitante opina
gue las expresiones cuantitativas y/o caracteristicas estructurales son inadecuadas para
describir de manera integral las células T CD4+ citoliticas altamente potentes de la
presente invencion y, por lo tanto, considera que se justifica la reivindicacion de
producto definido por su proceso de fabricacion.

En consecuencia, en vista de las aclaraciones aqui presentadas, consideramos que el
nuevo pliego reivindicatorio proporciona claridad a la invencién descrita, a la vez que
cuentan con el debido sustento en la descripcidn de la solicitud, cumpliendo asi con los
requerimientos segun el Articulo 30 de la Decision 486.

5. Novedad

El examinador establece en su concepto técnico la falta de novedad de la antigua
reivindicacion 10, que corresponde a la nueva reivindicacion 8, a la luz de las
ensefanzas técnicas descritas en el documento W02016059236, titulado “"Novel
immunogenic peptide” (en adelante denominado como D1), puesto que considera que
las caracteristicas esenciales de la poblacidn celular de la reivindicacién 10 habian sido
divulgadas previamente en el documento D1.

A este respecto, me permito decir que el articulo 16 de la Decisidn 486 de la Comision
de la Comunidad Andina establece que la invencion se considera nueva cuando no esta
comprendida en el estado de la técnica. Por lo tanto, si de acuerdo con el espiritu de la
norma legal indicada, la invencion no se considera como nueva si esta "comprendida”
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en el estado de la técnica, dicha norma se esta refiriendo, naturalmente, a la totalidad
del invento y no a alguno o a algunos de sus componentes.

Esto se conoce como NOVEDAD ABSOLUTA, de conformidad con lo cual para desvirtuar
el requisito de novedad de una invencién sera necesario que lo reivindicado por la
invencién bajo estudio corresponda de forma total con lo divulgado en un documento o
anterioridad sefalada, conclusion a la que se llega después de un analisis exhaustivo,
mediante una comparacién entre el capitulo reivindicatorio de la invencidon en estudio y
la divulgacion del estado de la técnica.

Ahora bien, si un determinado elemento, condicidn o circunstancia de la nueva creacion
ya hace parte del estado de la técnica, no quiere ello decir, desde luego, que la invencion
deba ser rechazada por carecer del requisito de novedad. No sin razén ha dicho el
mencionado Tribunal: “hay que advertir que toda creacion es en cierta forma, producto
del estado de la técnica existente, en el sentido de que el inventor ha de tener en cuenta
un conjunto de conocimientos técnicos que le permitan crear nuevos procedimientos
aplicables a la industria” (Ibidem, paginas 53 y 54) (el subrayado es nuestro).

Por lo tanto, como minimo la novedad debe contemplar los siguientes aspectos:

- Que la invencién en estudio esté contenida de forma TOTAL y ABSOLUTA en el
documento que se menciona como anterioridad o de forma independiente en los
documentos que se mencionan, si son varios.

- Que la invencion en estudio puede partir de conocimientos conocidos, caso en el
cual habra que hacer la comparacién no de lo conocido, sino de lo inédito y novedoso,
teniendo que analizarse el valor agregado que aporta la invencidn con sus nuevas
caracteristicas al campo técnico al cual pertenece la invencién en estudio.

Aplicando lo anterior al caso concreto, para que las razones que aduce este despacho
para desvirtuar la novedad fuesen ciertas, seria forzoso que se demostrara que la
invencidon de mi mandante estd comprendida de forma TOTAL Y ABSOLUTA en el estado
de la técnica divulgado en el documento D1, lo cual no sucede con la reivindicacién 10
de la presente solicitud.

En particular, se hace notar que como se menciona en la seccion anterior, el presente

caso en cuestion requiere la inclusién del método de produccién y, en consecuencia, las
caracteristicas impuestas de forma Unica a las células resultantes por dicho método. Por
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lo tanto, el proceso de la nueva reivindicacion 7 impuso caracteristicas adicionales a las
células T CD4+, es decir, un nivel (mas) alto de FasL y citocinas como IFN-y.

Los Ejemplos contenidos en la solicitud tal como fue presentada originalmente, que son
esencialmente experimentos diferentes que comparan las células T citoliticas CD4+
generadas por medio de los péptidos actualmente reivindicados con las generadas en
el documento D1, proporcionan de manera inequivoca datos experimentales que
ilustran estas diferencias. Por tanto, las células T citoliticas CD4+ definidas en la nueva
reivindicaciéon 8 no pueden considerarse idénticas a las descritas en el documento D1.

Si bien en la seccion anterior del presente memorial se hace referencia a la variacién
inherente en las células citoliticas CD4+ producidas por el método de la nueva
reivindicacion 7, el solicitante desea presentar las siguientes observaciones adicionales
gue buscan anticipar una incorrecta interpretacién a la que podria llegar la persona del
oficio normalmente versada en la materia, si las diferentes propiedades funcionales de
las células T CD4+ citoliticas generadas se atribuyen Unicamente a dicha variacién.

Ha habido indicaciones en el estado del arte de que la modificacidn de los residuos
flanqueantes puede afectar a la seleccion del repertorio de células T CD4+ (un ejemplo
no limitante del presente se presenta en el Anexo A adjunto al presente memorial). En
esta publicacion, se demuestra que cuando se modifica una regién flanqueante del
péptido C-terminal de un epitopo de hemaglutinina de influenza (HA305-320), esto
tiene un impacto en la afinidad de unién del receptor de células T y es indicativo de un
mecanismo a través del cual los residuos flanqueantes del péptido pueden influir en la
seleccién del repertorio. En la Tabla 1 del Anexo A se muestran composiciones
clonotipicas marcadamente diferentes de células T CD4+. Por tanto, las células T CD4+
citoliticas de la reivindicacion 8 difieren al menos en un repertorio de TCR diferente.

El Anexo A evidencia adicionalmente que, incluso en el escenario hipotético en el que
las células T CD4+ generadas no contengan receptores de células T (TCR) con diferentes
secuencias de CDR3 en comparacion con las células T CD4+ generadas en el documento
D1, al menos la frecuencia de los diferentes clonotipos se altera drasticamente por el
cambio en la secuencia flanqueante del epitopo.

Es importante tener en cuenta que el repertorio de clonotipos profundamente diferente
en el Anexo A se logra mediante la sustitucién de un solo aminodcido en la secuencia
flanqueante (C-terminal). Por tanto, las células T citoliticas CD4+ de la presente
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invencion tienen TCRs diferentes a los de las células T CD4+ descritas en el documento
D1 y/o una prevalencia relativa diferente de TCR distintos.

En vista de lo anterior, es posible manifestar que es casi imposible que la poblacion de
células T CD4+ descrita en el documento D1 sea idéntica a la poblacién reivindicada en
la presente solicitud de patente. Por lo tanto, el solicitante se permite respetuosamente
manifestar que la redaccidon de una reivindicacién como la actual reivindicacion 8 esta
justificada y que el objeto de dicha reivindicacién es nuevo a la luz de las ensefianzas
contenidas en el documento D1.

Asi, dado que el documento D1 no divulga de forma TOTAL Y ABSOLUTA Ilas
caracteristicas técnicas esenciales de la poblacién de células T CD4+ citoliticas de la
presente solicitud, es posible manifestar que la solicitud de las nuevas reivindicaciones
1 a 8 cumple con el requisito de novedad estipulado en el articulo 16 de la Decisién
486.

6. Nivel inventivo

Ademas de que las células T citoliticas CD4+ reivindicadas son nuevas, es necesario
reconocer adicionalmente que se puede identificar una clara actividad inventiva. De
hecho, estas células T citoliticas CD4+ se derivan directamente del método de la
reivindicacion 9, considera nuevo e inventivo por el examinador en vista de la ausencia
de objeciones planteadas al respecto para la antigua reivindicacion 9.

La diferencia entre las células T CD4+ descritas en la presente invencion y las del
documento D1 es que la poblacién de células T CD4+ de la presente invencion
comprenderd un repertorio diferente de TCR. El efecto de esto es que se obtiene una
poblacion de células que es notablemente mas potente que la descrita en le documento
D1, como se evidencia en la presente solicitud por un estudio comparativo que esta
totalmente respaldado por resultados experimentales en la seccion de Ejemplos (es
decir, al menos una secrecién elevada de IFN-y y expresion de FasL).

El problema técnico que resuelve la presente solicitud consiste en la provisiéon de una
poblacidn mejorada de células citoliticas de células T CD4+ contra epitopos de insulina
gue presentan APC. La solucidn, que es el uso de epitopos que contienen motivos redox
especificos con una secuencia enlazadora mas corta (sin VR) para generar dichas
células, no se describe ni sugiere en la técnica. Una persona del oficio normalmente
versada en la materia simplemente no estaria motivada para usar una secuencia de
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enlazadora mas corta. La potencia mejorada de las células T CD4+ citoliticas generadas
es inesperada.

Por lo tanto, en vista de las observaciones aqui presentadas que el efeto técnico
mejorado de la invencidn reivindicada, es posible manifestar que la poblacion de células
T CD4+ citoliticas de la presente solicitud, implica un nivel inventivo con respecto al
estado del arte, cumpliendo asi con el requerimiento del Articulo 18 de la Decision
486/00.

7. Conclusiones

Con las modificaciones introducidas y los argumentos presentados puede concluirse

que
i) Las modificaciones aqui presentadas cumplen con las disposiciones del
Articulo 34 de la Decision 486;
i) La materia objeto de las actuales reivindicaciones es clara y cuenta con el

debido sustento en el capitulo descriptivo, cumpliendo asi con los
requerimientos del Articulo 30 de la Decision 486;

iii) La descripcidon divulga la invencién de manera suficientemente clara y
completa para su comprensién y para que una persona capacitada en la
materia técnica correspondiente pueda ejecutarla, cumpliendo asi con los
requerimientos del Articulo 28 de la Decision 486;

iv) La materia objeto de las nuevas reivindicaciones no se encuentra anticipado
por el estado de la técnica, cumpliendo con el requerimiento del Articulo 16
de la Decision 486; vy

V) La invencion de la presente solicitud no resulta obvia ni se derivada de manera
evidente del estado de la técnica, cumpliendo asi con los requerimientos del
Articulo 18 de la Decisidon 486.

Asi, respetuosamente se solicita al examinador reconocer la novedad, el nivel inventivo
y la aplicacién industrial para la invencién titulada "PEPTIDO INMUNOGENICO PARA
TRATAR LA DIABETES, COMPOSICION FARMACEUTICA QUE COMPRENDE EL PEPTIDO Y
METODO IN VITRO PARA LA PRODUCCION DE CELULAS T CD4+ CITOLITICAS QUE
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COMPRENDE PONER EN CONTACTO DICHAS CELULAS CON EL PEPTIDO
INMUNOGENICO” a nombre de IMCYSE SA y, por lo tanto, conceder el privilegio de
patente, si los cumpliese; o si el sefior examinador considera que subsisten razones
para objetar la presente invencion, rogamos comunicarnos los debidos motivos vy
razones que sustenten su objecion con el fin de que nuestro mandante tenga la
posibilidad de exponer sus argumentos con base en la interpretacion del Articulo 42 del
Cddigo de Procedimiento Administrativo y de lo Contencioso Administrativo que sefala
que: "Habiéndose dado oportunidad a los interesados para expresar sus opiniones, y
con base en las pruebas e informes disponibles, se tomara la decision, que sera
motivada. La decision resolvera todas las peticiones que hayan sido oportunamente
planteadas dentro de la actuacion por el peticionario y por los terceros reconocidos”, (el
subrayado es nuestro).

8. Anexos
8.1 Nuevo capitulo reivindicatorio que incluye ocho (8) reivindicaciones.
8.2 Anexo A

8.3 Recibo de pago por concepto de modificacidn voluntaria al pliego
reivindicatorio.

Sefiora Directora,

4

L\
CAROLINA DAZA 1\)101\\1'/“ VO
C.C. 66.783.790 de Palmira Valle
TP-141563 CSJ
notificaciones@clarkemodet.com.co
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REIVINDICACIONES

1. Un péptido inmunogénico aislado con una longitud de entre 12 y 50
aminoacidos, caracterizado porque comprende la secuencia
CxX[CST]SLQPLALEGSLQK [SEQ ID NO: 4] o [CST]xxCSLQPLALEGSLQK [SEQ ID
NO:5].

2. El péptido de conformidad con la reivindicacién 1, caracterizado porque
comprende la secuencia CxxCSLQPLALEGSLQK [SEQ ID NO: 6].

3. El péptido de conformidad con la reivindicacién 1, caracterizado porque
comprende la secuencia HCxx[CST]SLQPLALEGSLQK [SEQ ID NO: 7] o
H[CST]xxCSLQPLALEGSLQK [SEQ ID NO: 8].

4, El péptido de conformidad con cualquiera de las reivindicaciones 1 a 3,
caracterizado porque comprende la secuencia HCxxCSLQPLALEGSLQK [SEQ ID NO:
9].

5. El péptido de conformidad con cualquiera de las reivindicaciones 1 a 4,
caracterizado porque consiste de la secuencia de aminoacido
HCPYCSLQPLALEGSLQKRG [SEQ ID NO: 26].

6. Una composicion farmacéutica caracterizada porque comprende el péptido de
conformidad con cualquiera de las reivindicaciones 1 a 5 y un vehiculo

farmacéuticamente aceptable.

7. Un método in vitro para la generacion de una poblacion de células T CD4+
citoliticas, contra APC que presenta epitopes de insulina, caracterizado porque
comprende los pasos de:

a. proveer células de sangre periférica;
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b. poner en contacto dichas células in vitro con el péptido de conformidad
con cualquiera de las reivindicaciones 1 a 5; y

c. expandir dichas células en presencia de IL-2.

8. Una poblacién de células T CD4+ citoliticas, contra APC que presenta
epitopes de insulina, caracterizada porque es obtenida mediante el método de

conformidad con la reivindicacion 7.
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Modification of the carboxy-terminal flanking
region of a universal influenza epitope alters CD4 "
T-cell repertoire selection

David K. Cole!*, Kathleen Gallagher'*, Brigitte Lemercier?*, Christopher J. Holland', Sayed Junaid', James P. Hindley',
Katherine K. Wynn!, Emma Gostick!, Andrew K. Sewell!, Awen M. Gallimore!, Kristin Ladell', David A. Price],
Marie-Lise Gougeon? & Andrew Godkin'3

Human CD4" off T cells are activated via T-cell receptor recognition of peptide epitopes
presented by major histocompatibility complex (MHC) class Il (MHC-I1). The open ends of the
MHC-II binding groove allow peptide epitopes to extend beyond a central nonamer core region
at both the amino- and carboxy-terminus. We have previously found that these non-bound
C-terminal residues can alter T cell activation in an MHC allele-transcending fashion, although
the mechanism for this effect remained unclear. Here we show that modification of the
C-terminal peptide-flanking region of an influenza hemagglutinin (HA3g5-320) epitope can alter
T-cell receptor binding affinity, T-cell activation and repertoire selection of influenza-specific
CD4* T cells expanded from peripheral blood. These data provide the first demonstration that
changes in the C-terminus of the peptide-flanking region can substantially alter T-cell receptor
binding affinity, and indicate a mechanism through which peptide flanking residues could
influence repertoire selection.
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should be addressed to A.G. (email: godkinaj@cf.ac.uk).
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of the immune system. To this end, jawed vertebrates have

evolved an elaborate recombinatorial system to generate
a hugely diverse range of cell surface-expressed antigen receptors
that enable the selection and expansion of pathogen-specific cell
populations in response to infection. Heterodimeric of T-cell
receptor (TCR) binding to cognate peptide-major histocompat-
ibility complex (pMHC) antigen underpins the effective activation
of specific T-cell populations!. These primary recognition events
occur in the context of a naive T-cell pool that comprises ~25x10°
distinct TCR clonotypes?.

TCR diversity is generated during the somatic rearrangement of
T receptor (TR) genes and is driven mechanistically by the imprecise
stochastic recombination of variable (V), diversity (D) and joining
(J) gene segments, exonucleolytic activity, random non-templated
nucleotide additions and differential chain pairing. The highly
variable complementarity-determining region 3 (CDR3) is formed
by the resulting VD] segment for TCRp chains; an analogous V]
recombination process generates CDR30. (ref. 3). Multiple TCR
clonotypes can respond to an antigenic stimulus, and measurement
of either CDR33 lengths or sequences within defined T-cell popula-
tions can provide an indication of repertoire size and variability*>.

CD4* T cells recognize antigens presented by classical MHC-II
molecules. Limited structural studies of TCR binding to pMHC-II
have demonstrated that the CDR3 loops contact exposed residues in
the epitope backbone and engender TCR specificity®. This docking
strategy is akin to that observed within the more extensive structural
dataset available for TCR binding to pMHC-I (ref. 6). In humans, the
most frequent MHC-II presenting element is the human leukocyte
antigen (HLA)-DR of} heterodimer. The HLA-DR o.-chain is mon-
omorphic, whereas the B-chain is highly polymorphic and generates
a binding motif for selected peptide epitopes”-3. The core epitope is a
nonamer peptide bound through a series of pockets in the HLA-DR
heterodimer at position (P)1, P4, P6 and P9. However, the binding
groove of the HLA-DR heterodimer is open at either end, which
allows longer peptides to bind with the non-bound flanking regions
extending from the amino-terminus (for example, P™1, P~2) and
carboxy-terminus (for example, P10, P11) of the peptide®. We have
previously eluted and sequenced multiple ligands from a range of
MHC-II molecules and identified not only core MHC-specific bind-
ing motifs, but also enrichment in the non-bound flanking residues,
particularly basic residues at the C-terminus; this latter observa-
tion is allele-transcending!®!!. Furthermore, it has been shown
that residue alteration in the flanking regions of peptides can alter
their immunogenicity, although the mechanism that underpins this
observation is unknown!!-15,

Biophysical investigations of the TCR/pMHC interaction show
that TCRs bind very weakly, compared for instance to antibodies,
with equilibrium binding constants (Kps) usually in the region of
~10-100 uM; the strength and/or duration of the TCR/pMHC inter-
action are probably the chief parameters that govern T-cell activa-
tion!®17. By studying multiple TCR/pMHC interactions, we have
found that pMHC-I-restricted TCRs bind with markedly stronger
affinities (mean Kp=13uM) compared with pMHC-II-restricted
TCRs (mean Kp=52uM)!8. Although it is clear that there is a
natural range of affinities within which a TCR functions, we have
also found that the progression from agonist to weak agonist to
antagonist peptide ligands reflects a steady decline in TCR/pMHC
affinity!®. Conversely, although augmented T-cell effector function
might follow an increase in TCR/pMHC affinity, very high affinity
interactions raise the possibility of cross-reactivity at the expense
of specificity.

The generation of effective CD4* T-cell responses is critically
important for protective immunity, both during infection and fol-
lowing vaccination. Indeed, even a transient failure of the CD4*

T-cell response may offer a window for pathogen persistence?’.

D efence against invading pathogens is the primary function

Primary T-cell responses are frequently broad and include low-
avidity clonotypes owing to the efficiency of cognate naive T-cell
recruitment?!, but the evolution of an effective T-cell response can
involve preferential selection for fewer clonotypes with higher avid-
ity interactions?2-24, Strategies that augment or select a repertoire
that comprises clonotypes with higher affinity TCRs may therefore
be attractive from an interventional perspective, especially if this
can be implemented without sacrificing antigen specificity. In this
regard, substitutions of amino acids in the core epitope may be risky,
because they can both alter TCR specificity and unpredictably affect
TCR binding strength and subsequent T-cell activation?2

Here we examine how substitutions in the non-core C-terminal
flanking region of the well-characterized universal influenza
hemagglutinin (HA 3¢5 _ 3,0) epitope?” affect T-cell recognition and
TCR selection. Multiple different amino-acid substitutions of resi-
dues in the C-terminus at P10 and P11 were tested against cognate
T-cell clones. The effects of favourable substitutions on recognition
by polyclonal cognate T cells derived from the memory pool were
then explored, and biophysical analyses of TCR/pMHC-II binding
were conducted using surface plasmon resonance (SPR) to pro-
vide molecular insight into these effects. These data provide the
first demonstration that modifications to the C-terminal peptide-
flanking region can directly alter TCR binding affinity and T-cell
repertoire selection.

Results

Flu-specific CD4™" T cells prefer C-terminal basic residues. Three
CD47" T-cell clones (HA-C6, HA-C5 and HA-CA), each specific
for HLA-DR1/HAj3p5_35¢ (Flul), were screened using IFN-y
ELISpot assays for recognition of peptides with a conserved core
epitope (HA3g9_3;17) but variant C-terminal flanking regions at
either P10 (HA3;g) or P11 (HA3p9). A total of 22 different 16mer
peptide variants of HA3(5_ 350, listed in the Methods, were tested in
these assays. Representative data generated with the HA-CA clone
are shown in Figure la. The most favoured to the least favoured
substitutions were ranked for each clone (Fig. 1b), demonstrating
a preference for positively charged basic residues (Lys, Arg) at
P10 and P11. Indeed, a comparison across all three clones of
basic/acidic residues versus all other amino acids in the top three
recognition positions (Fig. 1b) revealed a significant enrichment of
positively charged over negatively charged residues (Fisher’s exact
test P=0.0045). This striking reluctance to accept acidic residues is
illustrated in the screening data generated with clone HA-CA, which
showed reduced activation with Asp or Glu at either P10 or P11
(Fig. 1a). Although this particular clone did not favour Arg at P10,
other clones showed a striking increase in responsiveness to altered
peptides with an Arg at either P10 (Flu2) or P11 (Flu3) (Fig. Lc).

CD4* T-cell clonotypic responses to modified Flu-epitopes. Pep-
tides modified in their non-core bound C-terminal flanking region
seemed to alter the degree of T-cell activation. To examine this
observation further, we used modified peptides to expand CD4* T
cells from the influenza-specific memory pool of two HLA-DR1*
donors (known responders to HA35_359). Ten-day cultures of 10°
peripheral blood mononuclear cells (PBMCs) with the peptides Flul
(wild-type sequence) or Flu2 (Arg at P10) expanded >5%x10% CD4+
HLA-DR1/HA3ps5_ 350 tetramer-positive cells (data not shown). We
investigated TCR usage by these amplified populations (Flul ver-
sus Flu2) to establish whether different repertoires were deployed
against peptide epitopes with C-terminal modifications. Initially, we
employed TCR spectratyping on HLA-DR1/HAj35_3;( tetramer-
sorted cells, comparing the immunoscope profiles of each T-cell
receptor beta variable (TRBV) family the relative representation of
each TRBV family in background peripheral blood, CD4* T-cell
lines expanded with the wild-type Flul peptide and, CD4* T-cell
lines expanded with the basic tail Flu2 peptide (Fig. 2).
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Figure 1| Screening of Flul-specific CD4* T-cell clones with peptide
libraries. () Representative data generated by screening clone HA-CA with
22 flanking variant peptides using IFN-y ELISpot assays to examine the effects
of amino-acid substitutions at P10 or P11. Error bars shown are standard
deviation from three separate experiments. (b) Summary of screening data
generated with three different Flul-specific CD4* T-cell clones (HA-C6,
HA-C5 and HA-CA). Overall, the most favoured consensus alterations
include basic residues at P10 and P11. (¢) The Flul-specific clone HA1.7 was
stimulated with the indicated concentrations of the Flul peptide, or altered
peptides with Arg at P10 (Flu2) or P11 (FIu3), in IFN-y ELISpot assays.

The baseline range and polyclonality of the TCR repertoire was
demonstrated in peripheral blood using specific primers to amplify
each TRBV family and by analysing CDR3f length profiles within
each TRBV family; for the latter, the expected Gaussian distribu-
tion pattern was observed (Supplementary Fig. S1). Expansion
of antigen-specific CD4* T cells by peptide stimulation (Flul or
Flu2) was reflected by distinct peaks in the immunoscope profiles,
corresponding to individual T-cell clonotypes. The introduction
of a C-terminal Arg at P10 in Flu2 led to both skewing of TRBV
family usage and altered TCR representation within the expanded
TRBV families (Fig. 2). This experiment was repeated with another
HLA-DR1* donor; similar selective expansions within the CD4*
T-cell populations specific for Flul and Flu2 were observed (data
not shown).

The spectratyping analyses suggested that markedly altered
expansions of memory T cells could be driven by the presence of
Arg in the C-terminal non-core epitope flanking region. To dissect
this repertoire disparity in more detail, we employed an unbiased
template-switch anchored RT-PCR to characterize all expressed

TRBV28 usage TRBV25 usage TRBV6-2 usage TRBV30 usage

PBMC 1.7% 1.1% 4% 21%
Flu1 | 29.2% 3.5% 21% 0.7%
Flu2 57.3% 5.6% 6.8% 7.7%

Overlay 1 I )| “

il SN ) el )l ]

Figure 2 | Inmunoscope profiles from CD4* T-cell lines expanded with
Flu1 or Flu2 (Arg at P10). Short-term T-cell lines were generated from
peripheral blood stimulated with either Flul or Flu2. Antigen-specific
CD4* cells were isolated on the basis of HLA-DR1/HA3q5 - 300 tetramer
staining, and TCR repertoires were assessed by spectratyping. The
profiles of pooled CDR3p lengths for four TRBV families are shown. In
peripheral blood, the expected Gaussian distribution is observed. Altered
profiles for the Flul-specific and Flu2-specific populations indicate
oligoclonal expansions. Differences in TRBV family usage are also
apparent, suggesting that particular clonotypic expansions can be driven
by a C-terminally modified peptide. A representative example from three
independent experiments is shown.

TRB gene products from tetramer-sorted CD4* T-cell lines primed
with wild-type, P10 or P11 Arg-substituted HA3ps5_3;0 peptides
(Flul, Flu2 and Flu3, respectively). The flow cytometric gating strat-
egy used to sort these antigen-specific CD4* T-cell populations is
shown in Figure 3a. As shown in Figure 3b-d, expansions of greater
magnitude were observed in response to Flu3 (28.7% of CD3*
T cells) compared with either Flul or Flu2 (19.4% and 22.6% of
CD3* T cells, respectively). The quantitative clonotypic composi-
tion of each tetramer-positive CD4* T-cell population is shown in
Table 1. The antigen-specific repertoires were markedly oligoclonal
and highly skewed in all cases, especially in the Flu3-specific CD4*
T-cell population (Table 1). Furthermore, despite the occurrence
of common sequences in the Flul-, Flu2- and Flu3-specific lines,
distinct clonotypes emerged and often predominated. A repeat
experiment with the same donor demonstrated a strikingly similar
clonotypic composition in response to Flul, Flu2 and Flu3 peptides
with no significant difference (Chi square 0.72; P=0.70) between
experiments (data not shown). Furthermore, good concordance
was observed with respect to the TRBV profiles obtained by spec-
tratyping for Flul-specific and Flu2-specific lines (Fig. 2). Thus,
C-terminally modified peptides can induce biased clonotypic selec-
tion from a common starting pool.

These data show that repertoire composition is altered relative
to wild type when basic tail peptides are used to stimulate memory
CD4* T-cell responses (Figs 2 and 3, and Table 1). This biased selec-
tion process suggests that basic residues in the C-terminal tail might
preferentially enhance recognition by certain clonotypes, presum-
ably as a function of TCR structure.

Improved TCR binding affinity to C-terminally modified peptides.
The mechanism that drives enhanced recognition of C-terminally
modified peptides and the associated repertoire skewing remains
unclear, although there is some evidence that length modula-
tion of the C-terminal peptide-flanking region can directly affect
T-cell recognition!4282%. To provide an experimental explanation
for this observation, we generated soluble a3 TCRs specific for
the HA3gs5_ 3,0 epitope presented by HLA-DR1 (F11 and HA-C6
TCRs), or by either HLA-DR1 or HLA-DR4 (HA1.7 TCR). We also
manufactured soluble versions of HLA-DRa1*0101/DRB1*0101
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Figure 3 | Flow cytometric sorting of CD4* T-cell lines. Short-term T-cell lines were generated from peripheral blood stimulated with the indicated
peptides. Viable CD3*CD4 " cells that bound the HLA-DR1/HA3q5 - 350 tetramer were sorted by flow cytometry, and a molecular analysis of expressed
TRB gene rearrangements was conducted as described in the Methods. (a) Gating strategy used to identify viable CD3*CD4* tetramer-positive events

in: (b) line Flul, (¢) line Flu2 and (d) line Flu3.

Table 1| Clonotypic composition of CD4* T cells expanded
using different Flu antigens.

TRBV CDR3 TRBJ Freq. (%)
Clonotypes of CD4* T cells expanded using Flul

6-5' CASSYSGGVGETQY 2-5 25.49
25-1 CASSDGTFTEAF 1-1 21.57
92 CASSMSPGPRESPLH 1-6 13.73
25-13 CASSDAGLGDYEQY 2-7 11.76
284 CASSPPGAGEGETQY 2-5 7.84
28 CASSLIAEEEGYGYT 1-2 3.92
28 CASSTTGSTDTQY 2-3 3.92
5-4 CASSLGLAGGGDTQY 2-3 1.96
28 CASTPGTGDVQPQH 1-5 1.96
5-6° CASSPLSQGVRGYT 1-2 1.96
28 CASSRTGSTDTQY 2-3 1.96
4-1 CASSTDRGPYEQY 2-7 1.96
24-1 CATSDESYGYT 1-2 1.96
Clonotypes of CD4* T cells expanded using Flu2

25-13 CASSDAGLGDYEQY 2-7 32.43
28 CASSRLRGPYEQY 2-7 27.03
6-5 CASSYDPSPTYEQY 2-7 16.22
6-5' CASSYSGGVGETQY 2-5 13.51
284 CASSPPGAGEGETQY 2-5 2.70
92 CASSMSPGPRESPLH 1-6 2.70
25-1 CASSDAGLGDYEQY 2-3 2.70
30 CAYTTSGAVTDTQY 2-3 2.70
Clonotypes of CD4* T cells expanded using Flu3

5-6° CASSPLSQGVRGYT 1-2 69.70
12-3/4 CASSEGFGAFQPQH 1-5 30.30
Superscript numbers indicate identical clonotypes.

and HLA-DR(XI*OIOI/DRBI*OAIOI bound to Flul (HA305_320),
Flu2 and Flu3 peptides. Biophysical analysis, using SPR, revealed
that the binding affinity of the HA1.7, F11 and HA-C6 TCRs was
increased by ~1.4-1.8-fold with Arg substituted into the C-termi-
nus of the peptide-flanking region at P10 (PKYVKQNTLKLRT)
and ~>2 fold with Arg at P11 (PKYVKQNTLKLAR) (Fig. 4; Sup-
plementary Fig. S2). These data provide the first demonstration that
changes in the C-terminal flanking region of MHC-II epitopes can

substantially enhance TCR binding affinity, and indicate a mecha-
nism through which peptide flanking residues could influence rep-
ertoire selection. Although these increases in TCR/pMHC binding
affinity may appear small, we and others have previously reported
that even minimal changes in affinity can have a substantial impact
on T-cell activation?>30, Furthermore, these increases in affinity can
enhance the avidity of tetramer binding by up to three orders of
magnitude (D.K.C and A.G., unpublished observations).

Interestingly, the previously published ternary structure of the
HA1.7 TCR bound to HLA-DR1/HAjg5_3, (ref. 31) revealed
that that the TCR cannot make direct contacts with the short side
chains of either Ala at P10 or Thr at P11 in the native Flul pep-
tide. Indeed, the closest proximity between the TCR and either P10
or P11 is over 8 A, which is beyond the limits for atomic contacts
(Fig. 5a). However, substitution with Arg, which has a long basic
side chain, at either P10 or P11 could close this gap and allow further
interactions to form between the peptide and the TCR. To investi-
gate this possibility from a theoretical perspective, we modelled the
Arg at P10 and Arg at P11 substitutions, using the original struc-
ture of the HA1.7 TCR bound to HLA-DR1/HAj3p5_359 (ref. 31)
(PDB Code 1FYT) as a guide. This analysis indicated that Arg at
either P10 (Fig. 5b) or P11 (Fig. 5¢) could form a salt bridge with
Asp28 in the TCR B-chain. These extra bonds could enhance TCR-
binding affinity to pMHC-II, and explain the observed differ-
ences in both T-cell activation and repertoire selection between
the native Flul peptide and the basic tail peptides Flu2 and Flu3.
Thus, the presence of an Arg in the C-terminal flanking region
appears to enhance T-cell activation by increasing the affinity of the
TCR/pMHC-II interaction by potentially generating new contacts
between the TCR and peptide.

Discussion

MHC-II molecules present peptide epitopes that include flanking
regions, that can extend beyond the MHC-II binding groove, to
CD4* T cells. Structural studies have demonstrated that cognate
TCRs primarily engage amino acids in the core nonamer region of
the epitope situated within the MHC-II groove, although some con-
tacts can also be made with residues in the flanking regions3-32.
Perhaps surprisingly, it appears that these flanking residues can
influence CD4* T-cell recognition!®?°, Indeed, we have shown
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Figure 4 | The impact of altered C-terminal peptide flanking residues on TCR/pMHC-II affinity. SPR was used to quantify equilibrium binding of the
HA17, F11and HA-C6 TCRs to native and altered Flu peptides complexed with HLA-DR1and HLA-DR4. Representative data from three independent
experiments are shown. (a) HA1.7 TCR binding to HLA-DR4 complexed with Flul (PKYVKQNTLKLAT). (b) HA1.7 TCR binding to HLA-DR4 complexed with
Flu2 (PKYVKQNTLKLRT). () HA1.7 TCR binding to HLA-DR4 complexed with Flu3 (PKYVKQNTLKLAR). (d) HA1.7 TCR binding to HLA-DR1 complexed
with Flul. (e) HA1.7 TCR binding to HLA-DR1 complexed with Flu2. (f) HA1.7 TCR binding to HLA-DR1 complexed with Flu3. (g) F11 TCR binding to HLA-
DR1 complexed with Flul. (h) F11 TCR binding to HLA-DR1 complexed with Flu2. (i) F11 TCR binding to HLA-DR1 complexed with Flu3. (j) HA-C6 TCR
binding to HLA-DR1 complexed with Flul. (k) HA-C6 TCR binding to HLA-DR1 complexed with Flu2. (I) HA-C6 TCR binding to HLA-DR1 complexed with
Flu3. These data show that modifications in the C-terminal flanking region of peptide antigens restricted by MHC-II can impinge directly on TCR binding,
with changes at P11 having greater effects than changes at P10. Substitution to arginine at P10 or P11 markedly increased TCR/pMHC-II binding affinity.

previously that non-bound C-terminal flanking residues can alter
T-cell activation in an MHC allele-transcending fashion; these effects
apply to T-cell clones, lines and polyclonal populations directly
ex vivo'l. However, the mechanism for this potentially important
phenomenon, and the means by which it could influence TCR
selection and activation, is currently unknown. Several hypotheses
have been put forward to explain how substitutions in the residues
that flank the core of an antigenic peptide might influence T-cell
responses. These include altered peptide binding to the restricting
HLA element, effects on cellular uptake and antigen processing and;
changes in pMHC-II conformation3.

To explore the role of MHC-II peptide-flanking regions, we
screened hemaggluttinin-specific CD4* T-cell clones using families
of peptides, each with a range of different amino-acid substitutions
in the C-terminus flank at P10 or P11, and confirmed that basic
residues were among the most favoured. The observation that sub-
stitution of either the P10 Ala or P11 Thr of the universal HA35 _ 359
epitope with an Arg residue resulted in altered recognition by
cognate CD4" T cells provided a good model system to examine
the role of the C-terminal flanking region in more detail. In a pre-
vious study, we excluded the possibility that these ‘basic tail’ pep-
tides exhibit improved binding to the restricting MHC element in
this system!!. We therefore proceeded to examine whether such

substitutions could influence binding to cognate TCRs. Using SPR,
we found that the presence of an Arg at P10 or P11 in the C-terminal
epitope flanking region enhanced TCR/pMHC-II affinity. This
enhanced binding provided a molecular mechanism for the observed
alterations in the immunogenicity of basic tail peptides. However,
such improved binding affinity was also surprising, considering that
the previously published ternary structure of the HA1.7 TCR bound
to HLA-DR1/HAj3g5_3;¢ (ref. 31) revealed that the TCR does not
make direct contacts with the short side chains of either Ala at P10
or Thr at P11 in the native Flul peptide. Molecular modelling sug-
gested that substitution at P10 or P11 with Arg, which has a long
basic side chain, could close this gap and allow further interactions
to form between the peptide and the TCR. These extra bonds could
enhance the binding affinity between the TCR and peptide, and could
explain the differences in T-cell activation and repertoire selection
between the native Flul peptide and the basic tail peptides Flu2 and
Flu3. Thus, the introduction of a positively charged, longer amino-
acid side chain in the C-terminal flanking region could allow for the
formation of new bonds between the TCR and peptide, although
formal proof that such bonds exist awaits further structural char-
acterization. Regardless, the presence of an Arg in the C-terminal
flanking region seemed to enhance T-cell activation by increas-
ing the affinity of TCR for pMHC-II. Intriguingly, when basic tail
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Figure 5 | Molecular modeling of Arg substitutions in the C-terminal
flanking region of the native Flu1 peptide. (a) HA1.7 TCR (TCRa. green,
TCRp blue cartoon) bound to HLA-DR1 (grey cartoon) complexed with
Flul (PKYVKQNTLKLATS; core region red sticks, flanking regions blue
sticks). The HA1.7 TCR B-chain is beyond the limits for atomic contacts
with either P10 or P11 in the native structure. (b,c) Modelling shows that a
new interaction, possibly a salt bridge, could be formed between the HA1.7
TCR B-chain residue Asp28 and Arg substituted at either position 10 (b)
or 11 (c) of the HA peptide. This new interaction could explain the increase
in affinity observed for cognate TCR binding to Flu2 and Flu3 compared
with Flu 1.

peptides were used to stimulate memory T-cell responses, striking
differences were observed in repertoire composition despite similar
numerical expansions. This biased selection process suggests that
basic residues in the C-terminal tail might preferentially enhance
recognition by certain clonotypes, presumably as a function of TCR
structure. Further studies are ongoing to explore the underlying
basis for these differential effects.

In summary, we have shown that basic tail peptides can enhance
TCR/pMHC-II affinities into the range typically observed for
TCR/pMHC-I interactions'®. This exciting observation suggests
that universal augmentation of pMHC-II antigens through par-
ticular C-terminal modifications may be a realistic option, with
attendant implications for vaccination and other immune system
interventions.

Methods

Peptides. Peptides were synthesized commercially to >80% purity (EMC
Microcollections, Tubingen, Germany). The following peptides were used: the
universal influenza epitope HA3(s5 _ 359 (Flul), PKYVKQNTLKLAT; C-terminally
modified variants with Arg at P10 or P11 (Flu2 = PKYVKQNTLKLRT, Flu3 =-
KYVKQNTLKLAR); and a peptide library synthesized with variant peptides con-
taining substitutions of the native amino acids in the C-terminal flanking region at
P10 and P11. The substitutions in each library peptide were Gly, Arg, Lys, Glu, Ser,
Asp, Leu, Val, Phe and Tyr, covering conservative, basic, acidic, aliphatic and bulky
hydrophobic changes.

Cell culture. Epstein-Barr virus-immortalized B-cell lines (BCLs) were cultured
in RPMI (Invitrogen) supplemented with 10% fetal calf serum (FCS; Invitrogen),
2mM glutamine, 100 ugml~! streptomycin, 100 1Uml~! penicillin and 25mM
HEPES (Sigma) (RPMI-FCS medium). All T-cell lines and clones were cultured
in RPMI supplemented with 7% human AB serum, 2mM glutamine, 100 ugml~!
streptomycin, 1001U ml~! penicillin and 25 mM HEPES (RPMI-AB medium).
PBMCs were obtained from two HLA-DR1* donors by density gradient
centrifugation of heparinized blood layered onto an equal volume of Lymphoprep
(Axis-Shield). All human samples were used in accordance with UK guidelines.
T-cell lines and clones were generated as described previously!' 4. Antigen-spe-
cific T cells were cloned out either using HLA-DR1/HA35 _ 35 tetramer staining
and cell sorting, or by limiting dilution assays. Three clones specific for HLA-DR1/
HA305_ 320 (HA-C6, HA-C5 and HA-CA) were used to screen peptide variants;
a further clone (F11) was used for biophysical work. Clonality was confirmed by
sequencing TRA and TRB gene rearrangements; HLA restriction was confirmed by
using peptide titrations in the presence of HLA-DR1" matched and mismatched
BCLs, together with another clone (HA1.7) restricted by HLA-DR1 and HLA-DR4
(ref. 35).

Screening T-cell clones. The frequency of specific IFN-y producing T cells was
measured by ELISpot assay as described previously!?. Briefly, mouse anti-human
IFN-y antibody 1-DIK (Mabtech) was added to a polymer-backed 96-well filtra-
tion ELISpot plate (MAIP-S-4510; Millipore). Plates were washed thoroughly and
blocked with 100 ul of 10% FCS. Duplicate wells were set up with 200 T cells and
1,500 BCLs (HLA-DRI homozygous) per well with 0.1-1pugml~! of peptide. The
plate was incubated at 37 °C for 16-18 h, then developed according to standard pro-
tocols. Wells were considered positive if the number of spots was at least twice that
observed in the control (no antigen) wells and >5 spots per well. T-cell prolifera-
tion was measured by incorporation of 3[H] thymidine (Amersham Life Science).

Spectratyping. PBMCs were isolated from healthy HLA-DR1* donors and short-
term lines specific for Flul and Flu2 were set up over a period of 8-10 days. Cells
were then stained with PE-conjugated HLA-DR1/HAj35 _ 329 tetramer (2pgml~!)
for 24 min at 37 °C, followed by 2 ul oCD4-FITC (Miltenyi) for 20 min at 4°C.
Tetramer-labelled cells were then either enriched using anti-PE MACS beads
(Miltenyi) according to the manufacturer’s instructions or isolated using a MoFlo
cell sorter (BD Biosciences). Purity was assessed by flow cytometry. Typically,
1-2x10* antigen-specific T cells were obtained. Both the tetramer-positive and
tetramer-negative fractions were processed, together with negative controls com-
prising unstimulated PBMCs. Determination of TRBV gene usage and
immunoscope analysis was performed as described previously>°. Briefly, total RNA
was extracted using the RNeasy mini-kit (Qiagen) according to the manufac-
turer’s specifications. cDNA was then prepared by RNA reverse-transcription

with 0.5ugul~! oligo (dT)17 and 200 U of Superscript II reverse transcriptase
(Invitrogen). An aliquot of the cDNA synthesis reaction was amplified with each of
24 TRBV family-specific primers as previously described’, together with a TRBC
primer and a minor groove binder TagMan probe (Applied Biosystems). Real-time
quantitative PCR was carried out using an ABI 7300 device (Applied Biosystems).
Subsequently, 2l of each amplification reaction was used as template in run-off
reactions with a nested fluorescent TRBC-specific primer. In these reactions,

all PCR products were copied into fluorescently-labelled single-stranded DNA
fragments, irrespective of their TRBJ gene usage or CDR3[ sequence. These fluo-
rescent products were separated on an ABI-PRISM 3730 DNA analyzer (Applied
Biosystems). The size and intensity of each band were analysed with Immunoscope
software®3, Fluorescence intensity was plotted in arbitrary units on the y axis,
with the x axis corresponding to CDR3P length in amino acids.

TCR clonotyping. Cell lines specific for HLA-DR1/HA35 _ 3,0 were stained first
with 1 ul, diluted 1:40, LIVE/DEAD Fixable Violet Dead Cell Stain (Invitrogen/Life
Technologies) for 15min at room temperature in the dark, then with allophycocy-
anin-conjugated tetramer for 20 min at 37 °C. Subsequently, cells were stained for
20 min at room temperature in the dark with the following monoclonal antibodies:
3ul oCD3-FITC and 2 ul oCD8-PECy7 (BD Pharmingen); and 0.2 pl oCD4-
PECy5.5, aCD14-Pacific Blue and a.CD19-Pacific Blue (Caltag/Life Technologies).
Tetramer-labelled CD3 " CD4* cells were sorted viably at >98% purity using a cus-
tomized 20-parameter FACSAria II flow cytometer (BD Biosciences) directly into
1.5ml microtubes containing 100 ul RNAlater (Applied Biosystems). Clonotypic
analysis was then conducted using a template-switch anchored reverse-transcription
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switch anchored reverse transcription-PCR with a 3’-TRB constant region primer motifs: first listing. Immunogenetics 41, 178-228 (1995).
(5-GGCTCAAACAAGGAGACCT-3), as described previously with minor 10. Godkin, A. J., Davenport, M. P, Willis, A., Jewell, D. P. & Hill, A. V. Use of
modifications®®3%. Amplicons were subcloned, sampled, sequenced and analysed complete eluted peptide sequence data from HLA-DR and -DQ molecules to
as described previously*40. The international InMunoGeneTics nomenclature?! predict T cell epitopes, and the influence of the nonbinding terminal regions of
is used to display all TCR sequence data. ligands in epitope selection. J. Immunol. 161, 850-858 (1998).

11. Godkin, A. J. et al. Naturally processed HLA class II peptides reveal highly

Generation of expression plasmids. The HA1.7, F11 and HA-C6 TCRs were conserved immunogenic flanking region sequence preferences that reflect

generated from the corresponding CD4* T-cell clones as described previously*2. All antigen processing rather than peptide-MHC interactions. J. Immunol. 166,

sequences were confirmed by automated DNA sequencing (Lark Technologies). A 6720-6727 (2001).

disulphide-linked construct was used to produce the soluble domains (variable and 12. Arnold, P. Y. et al. The majority of immunogenic epitopes generate CD4+ T

constant) for both the TCRe. and TCRP chains*3. The HLA-DR0*0101 chain, tagged cells that are dependent on MHC class II-bound peptide-flanking residues.

with a biotinylation sequence, DRB*0101 chain and DRB*0401 chain were also J. Immunol. 169, 739-749 (2002).

cloned and used to produce the pMHC-II molecules'8. All constructs were inserted 13. Carson, R. T., Vignali, K. M., Woodland, D. L. & Vignali, D. A. T cell receptor

into separate pGMT?7 expression plasmids under the control of the T7 promoter. recognition of MHC class II-bound peptide flanking residues enhances

immunogenicity and results in altered TCR V region usage. Immunity 7,

Protein expression and purification. Competent Rosetta DE3 Escherichia coli 387-399 (1997).

cells were used to produce the HA1.7, F11 and HA-C6 TCRo. and TCRP chains, 14. Lovitch, S. B., Pu, Z. & Unanue, E. R. Amino-terminal flanking residues

the HLA-DRat1*0101 chain, the DRB1*0101 chain and the DR1*0401 chain determine the conformation of a peptide-class I MHC complex. J. Immunol.

in the form of inclusion bodies using 0.5 mM isopropyl-B-p-thiogalactoside to 176, 2958-2968 (2006).

induce expression as described previously*2. The HLA-DRa.1*0101 chain, the 15. Ruppert, J. et al. Effect of T-cell receptor antagonism on interaction between

DRp1*0101 chain and the DRB1¥0401 chain were purified into 8 M urea buffer T cells and antigen-presenting cells and on T-cell signaling events. Proc. Natl

(8 M urea, 20 mM TRIS pH8.1, 0.5mM EDTA, 30 mM DTT) by ion exchange using Acad. Sci. USA 90, 2671-2675 (1993).

a Poros50HQ column (GE Healthcare) to remove bacterial impurities. For a 1-litre 16. Bridgeman, J. S., Sewell, A. K., Miles, J. J., Price, D. A. & Cole, D. K. Structural

TCR refold, 30 mg of TCRo. chain was incubated for 15min at 37 °C with 10 mM and biophysical determinants of o3 T-cell antigen recognition. Immunology

dithiothreitol (DTT) and added to cold refold buffer (50 mM TRIS pH8.1, 2mM 135,9-18 (2012).

EDTA, 2.5M urea, 6mM cysteamine hydrochloride and 4 mM cystamine). 17. Stone, J. D., Chervin, A. S. & Kranz, D. M. T-cell receptor binding affinities and

After 15min, 30 mg of TCRP chain, also incubated for 15 min at 37 °C with 10mM kinetics: impact on T-cell activity and specificity. Immunology 126, 165-176

DTT, was added. For a 1-litre pMHC-II refold, 2 mg of HLA-DR.1*0101 chain (2009).

was mixed with 2 mg of either the HLA-DRB1*0101 chain or the DRB1*0401 18. Cole, D. K. et al. Human TCR-binding affinity is governed by MHC class

chain and 0.5 mg of peptide for 15min at 37°C with 10mM DTT#. The following restriction. J. Immunol. 178, 5727-5734 (2007).

peptides (generated by Peptide Protein Research) were used in separate refolds: 19. Boulter, J. M. et al. Potent T cell agonism mediated by a very rapid TCR/pMHC

PKYVKQNTLKLAT, PKYVKQNTLKLRT and PKYVKQNTLKLAR (basic tail interaction. Eur. J. Immunol. 37, 798-806 (2007).

peptide-flanking region changes are denoted in bold). This mixture was then added ~ 20. Planz, O. et al. A critical role for neutralizing-antibody-producing B cells,

dropwise to cold refold buffer (25% glycerol, 20 mM TRIS pH8.1, 1 mM EDTA, CD4(+) T cells, and interferons in persistent and acute infections of mice with

2mM glutathione reduced, 0.2 mM glutathione oxidized). Refolds were incubated lymphocytic choriomeningitis virus: implications for adoptive immunotherapy

for 72h at 4°C. Dialysis was carried out against 10mM TRIS pH 8.1 until the of virus carriers. Proc. Natl Acad. Sci. USA 94, 6874-6879 (1997).

conductivity of the refolds was <2m$Scm™!. The refolds were then filtered, ready 21. van Heijst, J. W. et al. Recruitment of antigen-specific CD8+ T cells in response

for purification steps. Refolded proteins were purified initially by ion exchange to infection is markedly efficient. Science 325, 1265-1269 (2009).

using a Poros50HQ column (GE Healthcare) and then gel-filtered into BIAcore 22. Anderton, S. M., Radu, C. G., Lowrey, P. A, Ward, E. S. & Wraith, D. C.

buffer (10mM HEPES pH 7.4, 150 mM NaCl, 3mM EDTA and 0.05% (v/v) Sur- Negative selection during the peripheral immune response to antigen. J. Exp.

factant P20) using a Superdex200HR column (GE Healthcare). Protein quality was Med. 193, 1-11 (2001).

analysed by Coomassie-stained SDS-PAGE. Biotinylated pMHC-II was prepared 23. Davenport, M. P, Price, D. A. & McMichael, A. J. The T cell repertoire in

as described previously*>. infection and vaccination: implications for control of persistent viruses. Curr.

Opin. Immunol. 19, 294-300 (2007).

Surface plasmon resonance analysis. Binding analysis was performed using a 24. Geiger, R, Duhen, T., Lanzavecchia, A. & Sallusto, E. Human naive and

BIAcore 3000 and a BIAcore T100 (GE Healthcare) equipped with a CM5 sensor memory CD4+ T cell repertoires specific for naturally processed antigens

chip, as reported previously*>4®. Between 200 and 400 response units of bioti- analyzed using libraries of amplified T cells. J. Exp. Med. 206, 1525-1534

nylated pMHC-II was immobilized on streptavidin, which was chemically linked (2009).

to the chip surface; pMHC-II was injected at a slow-flow rate (10 ulmin~!) to 25. Cole, D. K. et al. Modification of MHC anchor residues generates heteroclitic

ensure uniform distribution on the chip surface. The HA1.7, F11 and HA-C6 TCRs peptides that alter TCR binding and T cell recognition. J. Immunol. 185,
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