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(57) ABSTRACT

The present invention relates to an in vitro method for deter-
mining the ability of a vaccine composition which comprises
one or more antigens or a nucleic acid molecule which
encodes one or more antigens to stimulate a T cell response.
In one embodiment, the method comprises the steps of: (1)
contacting antigen presenting cells in culture with a vaccine
composition selected from among the group of vaccine com-
positions, thereby, if one or more of the antigens or nucleic
acid molecules can be taken up and processed by the antigen
presenting cells, producing one or more processed antigens;
(2) contacting the antigen presenting cells with T cells under
conditions sufficient for the T cells to respond to one or more
of'the processed antigens; (3) determining whether the T cells
respond to one or more of the processed antigens; whereby if
the T cells respond to one or more of the processed antigens,
then the vaccine composition stimulates a T cell response;
and (4) repeating steps (1), (2) and (3) with each vaccine
composition in the group, thereby identitying vaccine com-
positions which stimulate a T cell response; and, if one or
more of the vaccine compositions stimulates a T cell
response, (5) selecting at least one vaccine composition
which stimulates a T cell response for assessment in one or
more animals and/or human subjects.

23 Claims, 2 Drawing Sheets
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PREDICTIVE ASSAY FOR IMMUNE
RESPONSE

RELATED APPLICATION

This application is a continuation of U.S. application Ser.
No.09/159,172, filed Sep. 23, 1998, which issued as U.S. Pat.
No. 6,962,790 on Nov. 8, 2005. The entire teachings of the
above application are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Among the greatest successes in the field of public health is
widespread vaccination against a variety of formerly com-
mon infectious diseases. For example, public vaccination
programs in the United States have eradicated smallpox and
dramatically reduced the incidence of diseases such as
measles, rubella, polio and diphtheria, among others. How-
ever, the development of novel vaccine compositions is still
an active area of research. In particular, the development of
effective vaccines for a number of diseases for which no
clinically proven vaccine exists remains an important goal.
For example, a vaccine which protects against infection by
human immunodeficiency virus (HIV) is a primary goal in
efforts to control the spread of AIDS. Also needed are vaccine
compositions which have improved efficacy in comparison to
vaccines in current use.

The efficacy of a vaccine for use in humans depends upon
the ability of the vaccine formulation to elicit an immune
response which is sufficient to provide protection against
subsequent challenge with the pathogen. Experimental vac-
cines are typically evaluated first in vivo in small animals,
such as mice, guinea pigs or rabbits. The assessment of the
experimental vaccines generally relies upon measurements of
serum antibody responses and, sometimes, antigen-specific
lymphocyte proliferative responses. Vaccine formulations
which are successful in these animal models are then tested in
sub-human primates and, finally, in humans.

The assessment of a test vaccine in an animal model is
costly and takes considerable time. Typically, several doses of
vaccine are administered to the animal at intervals of several
weeks. The immune response of primates to a given test
vaccine is often less than that of smaller animals, and clinical
studies in humans are ultimately required to determine the
efficacy of a test vaccine. In addition to the large costs asso-
ciated with purchasing and housing animals for long periods
of time, each step of the process requires a minimum of
several months. Thus, the number of experimental vaccines
which can be evaluated using prior art methods is necessarily
limited, with the possible result that potentially useful vac-
cine formulations may never be tested.

There is, therefore, a need for an in vitro test for determin-
ing the human immune response to an experimental vaccine
construct which would allow the rapid evaluation of large
numbers of candidate vaccine compositions within a short
time period and at reasonable cost.

SUMMARY OF THE INVENTION

The present invention relates to a method for assessing the
ability of a candidate vaccine composition to stimulate a T
cell response. In one embodiment, the invention provides a
method for selecting one or more vaccine compositions from
among a group of vaccine compositions for in vivo assess-
ment, for example, in one or more animal or human subjects.
Each of the vaccine compositions comprises one or more
antigens or one or more nucleic acid molecules encoding one
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or more antigens. The method comprises the steps of: (1)
contacting antigen presenting cells in culture with a vaccine
composition selected from among the group of vaccine com-
positions, thereby, if one or more of the antigens or nucleic
acid molecules can be taken up and processed by the antigen
presenting cells, producing one or more processed antigens;
(2) contacting the antigen presenting cells with T cells under
conditions sufficient for the T cells to respond to one or more
of'the processed antigens; (3) determining whether the T cells
respond to one or more of the processed antigens; whereby if
the T cells respond to one or more of the processed antigens,
then the vaccine composition stimulates a T cell response;
and (4) repeating steps (1), (2) and (3) with each additional
vaccine composition in the group, thereby identifying the
vaccine compositions within the group which stimulate a T
cell response; and, if one or more of these vaccine composi-
tions stimulates a T cell response, (5) selecting at least one
vaccine composition which stimulates a T cell response for
assessment in one or more animals and/or in one or more
human subjects.

In another embodiment, the invention relates to a method
of'selecting a vaccine composition from a group consisting of
two or more vaccine compositions for assessment in one or
more animals or in one or more human subjects. Each of the
vaccine compositions comprises one or more antigens or one
or more nucleic acid molecules encoding one or more anti-
gens. The method comprises the steps of: (1) contacting anti-
gen presenting cells in culture with a vaccine composition
selected from among said group of vaccine compositions,
thereby, if one or more of the antigens or nucleic acid mol-
ecules are taken up and processed by the antigen presenting
cells, producing one or more processed antigens; (2) contact-
ing the antigen presenting cells with T cells under conditions
sufficient to produce a T cell response to one or more of the
processed antigens, thereby producing a vaccine composi-
tion-stimulated T cell response; (3) measuring the vaccine
composition-stimulated T cell response; (4) repeating steps
(1), (2) and (3) with each of the remaining vaccine composi-
tions in the group, thereby identifying the vaccine composi-
tion or compositions which stimulate the greatest T cell
response; (5) selecting the vaccine composition or composi-
tions which stimulate the greatest T cell response for assess-
ment in one or more animals and/or in one or more human
subjects.

In a further embodiment, the invention relates to a method
for assessing the ability of a vaccine composition comprising
one or more antigens or one or more nucleic acid molecules
encoding one or more antigens to stimulate a protective T cell
response. The method comprises the steps of: (1) contacting
human antigen presenting cells in culture with the vaccine
composition, thereby, if one or more of the antigens or nucleic
acid molecules can be taken up and processed by the antigen
presenting cells, producing one or more processed antigens;
(2) contacting the antigen presenting cells with human T cells
under conditions sufficient to produce a T cell response to one
or more of the processed antigens, thereby producing a T cell
response; (3) measuring the T cell response; and, if the T cell
response is greater than a pre-selected value, (4) assessing the
ability of the vaccine composition to stimulate a protective T
cell response in one or more animals or in one or more human
subjects.

In another embodiment, the method of the invention com-
prises the steps of: (1) contacting human antigen presenting
cells in culture with the vaccine composition, whereby, if one
or more of the antigens are taken up and processed by the
antigen presenting cells, said antigen or antigens are pro-
cessed by the antigen presenting cells, thereby producing one
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or more processed antigens; (2) contacting the antigen pre-
senting cells of step (1) with human T cell clones which are
specific for an epitope within one or more of the antigens for
a period of time sufficient for the human T cell clones to
respond to one or more of the processed antigens; and (3)
determining whether the human T cell clones respond to the
processed antigen or antigens. If the T cell clones respond to
the processed antigen or antigens, the method can, optionally,
further include the step of assessing the vaccine composition
in one or more animals or human subjects.

Preferably, the vaccine composition includes at least one
antigen which comprises a T cell epitope, and the T cells are
T cell clones which are specific fora T cell epitope in at least
one of the antigens. In one embodiment, the T cells are CD8*
T cells and the vaccine composition includes at least one
antigen comprising antigen a CDS epitope. In this embodi-
ment, the T cell response to the processed antigen can be, for
example, T cell proliferation, cytolysis of the antigen present-
ing cells or the production of one or more cytokines.

In another embodiment, the T cells are CD4* T cells and
the vaccine composition includes at least one antigen which
comprises a CD4 epitope. In this embodiment, the T cell
response to the processed antigen which is determined can be,
for example, T cell proliferation, stimulation of antibody
production by B cells or production of one or more cytokines.

The present invention offers several advantages over prior
art methods of evaluating candidate vaccine compositions.
For example, the method of the invention can be completed in
a relatively short time period. The present method can also be
used as a first screen to determine which candidate composi-
tions should be evaluated in much more expensive and time
consuming in vivo tests. Thus, the method of the invention
enables the efficient and cost effective evaluation of large
numbers of potential vaccine compositions, increasing the
possibility that effective vaccine compositions will be discov-
ered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a graph showing the increase in percent lysis
against influenza virus strain A/Texas compared to day O for
several fluzone formulations at day 14.

FIG. 1B is a graph showing the increase in percent lysis
against influenza virus strain A/Texas compared to day O for
several fluzone formulations at day 56.

FIG. 2A is a graph showing the increase in percent lysis
against influenza virus strain A/Johannesburg compared to
day 0 for several fluzone formulations at day 14.

FIG. 2B is a graph showing the increase in percent lysis
against influenza virus strain A/Johannesburg compared to
day 0 for several fluzone formulations at day 56.

DETAILED DESCRIPTION OF THE INVENTION

Successtul vaccines deliver to a host one or more antigens
derived from a pathogen, thereby stimulating an immune
response which protects against subsequent challenge with
the pathogen. Such vaccines can take a variety of forms,
including attenuated or killed pathogens, for example, viruses
or bacteria; one or more proteins or peptides derived from a
pathogen or synthetic or recombinant versions of such pro-
teins or peptides; or one or more nucleic acid molecules
encoding one or more proteins or peptides from the pathogen,
such as a naked DNA vaccine or a nucleic acid molecule
administered in a suitable vector, such as a recombinant virus
or bacterium or an immunostimulating complex. Vaccines
against cell proliferative diseases, such as cancers, typically
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utilize proteins or fragments thereof, or nucleic acid mol-
ecules encoding proteins or fragments thereof, which are
unique to diseased cells or generally more abundant in dis-
eased cells compared to healthy cells.

Cell-mediated immunity is dependent upon lymphocytes
known as B cells and T cells. B cells produce antibodies
targeted against extracellular antigens. T cells recognize anti-
gen fragments (peptides) which are displayed at the surface of
a host cell. Such antigen fragments result from uptake of the
antigen by a host cell, or synthesis of the antigen within the
host cell, followed by cleavage of the antigen within the cell.
Although it is probable that most successful vaccines elicit
both T cell and B cell responses, current methods for evalu-
ating test vaccines generally focus on antibody production by
B cells, and do not assess the ability of the test vaccine to elicit
aT cell response.

Foreign proteins which are synthesized within the host cell
or are taken up by the host cell via specific receptors are
fragmented within the cytosol of the cell. One or more of the
resulting peptides can become associated with class I major
histocompatibility molecules (MHC 1), and the resulting
complexes are then presented at the surface of the cell. These
MHC I/peptide complexes are recognized by specific T cell
receptors in certain CD8" T cells, and the peptides so pre-
sented are referred to as CD8 epitopes.

A foreign protein can be taken up by a host cell nonspe-
cifically via endocytosis and then fragmented into peptides in
acellular lysosomal or endosomal compartment. One or more
of these peptides can then become associated with a class 11
major histocompatibility molecule (MHC II) to form a com-
plex which is then presented at the surface of the host cell.
These MHC II/peptide complexes are recognized by CD4* T
cells expressing a specific receptor which recognizes the
MHC I/peptide complex. These peptides are referred to as
CD4 epitopes.

Peripheral T cells in the blood and organs of the immune
system (e.g. spleen and lymph nodes) exist in a quiescent or
resting state. Upon interaction of T cells with an MHC/
epitope complex, the T cells proliferate and differentiate into
activated cells having a variety of functions. CD8* T cells
typically become cytotoxic upon activation and destroy anti-
gen-presenting cells via direct contact. Activated CD4* T
cells provide a helper function to B cells, enabling B cells to
differentiate into antibody-producing cells. Activated CD8* T
cells and CD4* T cells release a variety of cytokines (lym-
phokines or interleukins), which can, for example, control
differentiation of many classes of lympholytic precursor
cells.

In one embodiment, the invention provides a method for
selecting one or more vaccine compositions from among a
group of two or more vaccine compositions for in vivo assess-
ment in one or more animals and/or human subjects. Each of
the vaccine compositions comprises one or more antigens or
one or more nucleic acid molecules encoding one or more
antigens. The method comprises the steps of: (1) contacting
antigen presenting cells in culture with a vaccine composition
selected from among said group of vaccine compositions,
thereby, if one or more of the antigens or nucleic acid mol-
ecules are taken up and processed by the antigen presenting
cells, producing one or more processed antigens; (2) contact-
ing the antigen presenting cells with T cells under conditions
sufficient for the T cells to respond to one or more of the
processed antigens; (3) determining whether the T cells
respond to one or more of the processed antigens; whereby if
the T cells respond to one or more of the processed antigens,
then the vaccine composition stimulates a T cell response;
and (4) repeating steps (1), (2) and (3) with each vaccine
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composition in the group, thereby identifying vaccine com-
positions which stimulate a T cell response; and, if one or
more of the vaccine compositions stimulates a T cell
response, (5) selecting at least one vaccine composition
which stimulates a T cell response for assessment in vivo.

In another embodiment, the invention relates to a method
of selecting at least one vaccine composition from a group
consisting of two or more vaccine compositions for assess-
ment in one or more animals and/or human subjects. Each of
the vaccine compositions comprises one or more antigens or
one or more nucleic acid molecules encoding one or more
antigens. The method comprises the steps of: (1) contacting
antigen presenting cells in culture with a vaccine composition
selected from among said group of vaccine compositions,
thereby, if one or more of the antigens or nucleic acid mol-
ecules can be taken up and processed by the antigen present-
ing cells, producing one or more processed antigens; (2)
contacting the antigen presenting cells with T cells under
conditions sufficient to produce a T cell response to one or
more of the processed antigens, thereby producing a vaccine
composition-stimulated T cell response; (3) measuring the
vaccine composition-stimulated T cell response; (4) repeat-
ing steps (1), (2) and (3) with each of the remaining vaccine
compositions in the group, thereby identifying one or more
vaccine compositions which stimulate the greatest T cell
response; and (5) selecting the vaccine composition or com-
positions which stimulate the greatest T cell response for
assessment in an animal or in a human. In another embodi-
ment, one or more of the vaccine compositions producing a
stimulated T cell response greater than a pre-selected value
are selected for in vivo assessment. Alternatively, one or more
vaccine compositions having relatively high activity com-
pared to the remaining vaccine compositions are selected for
in vivo assessment.

In a further embodiment, the invention relates to a method
for assessing the ability of a vaccine composition comprising
one or more antigens or one or more nucleic acid molecules
encoding one or more antigens to stimulate a protective T cell
response. The method comprises the steps of: (1) contacting
human antigen presenting cells in culture with the vaccine
composition, thereby, if one or more of the antigens or nucleic
acid molecules can be taken up and processed by the antigen
presenting cells, producing one or more processed antigens;
(2) contacting the antigen presenting cells with human T cells
under conditions sufficient to produce a T cell response to one
or more of the processed antigens, thereby producing a T cell
response; (3) measuring the T cell response; and, if the T cell
response is greater than a pre-selected value, (4) assessing the
ability of the vaccine composition to stimulate a protective T
cell response in one or more animals, human subjects or a
combination thereof. The pre-selected value of the T cell
response is, typically, chosen to represent a vaccine compo-
sition which is particularly active in stimulating a T cell
response.

In another embodiment, the method of the invention com-
prises the steps of: (1) contacting human antigen presenting
cells in culture with the vaccine composition, whereby, if one
or more of the antigens are taken up and processed by the
antigen presenting cells, said antigen or antigens are pro-
cessed by the antigen presenting cells, thereby producing one
or more processed antigens; (2) contacting the antigen pre-
senting cells of step (1) with human T cell clones which are
specific for an epitope within one or more of the antigens for
a period of time sufficient for the human T cell clones to
respond to one or more of the processed antigens; and (3)
determining whether the human T cell clones respond to the
processed antigen or antigens. If the T cell clones respond to
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the processed antigen or antigens, the method can, optionally,
further include the step of assessing the vaccine composition
in an animal or in a human.

A “processed antigen”, as the term is used herein, refers to
one or more epitopes derived from an antigen which are
presented at the surface of an antigen presenting cell in com-
bination with MHC I or MHC I1.

The present method assesses the ability of a candidate
vaccine composition to provide in vitro an antigen to antigen
presenting cells in a manner which leads to processing and
presentation of one or more T cell epitopes at the surface of
the antigen presenting cells in combination with MHC 1 or
MHC II. This in vitro determination provides an efficient
screen for selecting compositions for more time-consuming
in vivo testing in animals or in humans. This in vivo testing
can be performed using methods which are well known in the
art. For example, the vaccine composition can be adminis-
tered to an animal or a human, and the ability of the induced
immune response, if any, to protect against subsequent chal-
lenge from the pathogen from which the antigen or antigens
are derived can be determined. Alternatively, or in conjunc-
tion with such a determination, the ability of the vaccine
composition to induce in vivo the proliferation of T cells
and/or antibodies which recognize one or more of the anti-
gens can also be determined. Animals which can be used for
in vivo testing include laboratory animals, domesticated ani-
mals and wild animals. Suitable examples include rodents,
such as mice, hamsters, rats, guinea pigs and rabbits; pri-
mates, such as monkeys and apes; and domestic animals, such
as dogs, cats, horses, chickens, cows and pigs.

The antigen presenting cells are contacted with the vaccine
composition in cell culture in a suitable culture medium, as is
known in the art, and under suitable conditions, such as physi-
ological pH, and at a temperature from about room tempera-
ture to about physiological temperature, for a sufficient
period of time for uptake and processing of the antigen by the
antigen presenting cells. If the vaccine comprises a nucleic
acid molecule, the antigen presenting cells are contacted with
the vaccine composition for a sufficient amount of time for the
antigen presenting cells to take up and express the nucleic
acid molecule and process the resulting antigen. Generally,
the antigen presenting cells are contacted with the vaccine
composition for a period of several hours, for example, from
about 2 to about 12 hours. Following contact with the vaccine
composition, the antigen presenting cells are contacted with
the T cells for a sufficient period of time for activation of the
T cells and generation of a T cell effector response. Generally,
this process requires several hours, for example, from about 2
to about 12 hours. Preferably, the APCs are contacted with the
vaccine composition for a sufficient period time for antigen or
nucleic acid molecule uptake, and then washed and placed in
fresh media prior to addition of the T cells. Alternatively, the
antigen presenting cells can be contacted with the vaccine
composition and the T cells simultaneously or within a rela-
tively short time interval. In this embodiment, the antigen
presenting cells are contacted with the vaccine composition
and the T cells for a sufficient amount of time for antigen
processing and generation of a T cell response. Typically,
such a process requires from about 4 to about 24 hours.

The vaccine composition, preferably, comprises at least
one antigen, or a nucleic acid encoding at least one antigen,
which is a protein or a peptide which comprises one or more
T cell epitopes, such as one or more CD8™" T cell epitopes, one
or more CD4"* T cell epitopes or a combination thereof. Pref-
erably, the T cells are specific for a particular epitope present
within the antigen. More preferably, the T cells are T cell





















