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Description
TECHNICAL FIELD

[0001] The present invention relates to an immunity evaluation method, an immunity evaluation data processing
apparatus, a computer program for evaluating immunity by using immune cell markers and parameters for a plurality of
immune cells contained in sampled blood.

BACKGROUND ART

[0002] Lymphocytes in the blood are cells that play a central role in immunity, constituting cells (subsets) having
different functions, such as T cells, B cells and natural killer (NK) cells. The T cells are not a uniform group of cells but
include functionally differing subsets of cells which are known as CD4 T cells, CD8 T cells or naive T cells.

[0003] The individual types of cells mentioned above have surface proteins (antigens) characteristic of the respective
cell types. The number and ratio of each type of cells have conventionally been determined by dyeing a monoclonal
antibody of the relevant antigen and then using a flowcytometric analysis. Also, functions of individual lymphocytes used
to be determined by measuring a protein (cytokine) related to proliferative activity or proliferation of the individual lym-
phocytes under cultural conditions.

[0004] Using the aforementioned method, the inventors of the present Application have revealed that the subset
configuration of lymphocytes and functions thereof could vary or degrade as a result of aging (refer to Non-patent
Documents 1 and 2).

[0005] Non-patent Document 1: "Differential age-change in the number of CD4+,CD45RA+ and CD4+CD29+ T cell
subsets in the human peripheral blood", Mechanism of Ageing and Development, Utsuyama M., Hirokawa K., Kurashima
C, Fukayama M., Inamatsu T., Suzuki K., Hashimoto W. and Sato K., Vol. 63-1, pp. 57-88, March 15, 1992.

[0006] Non-patent Document 2: Katsuiku Hirokawa, "Aging and Immunity", Nippon Ronen Igakkai Zasshi (Journal of
The Japan Geriatrics Society), vol. 40-6, pp. 543-552, November. 2003.

[0007] While individual data given in these Non-patent Documents show the ratios and functions of individual cell
subsets, the data do not necessarily represent the comprehensive immunity of humans.

[0008] White blood cells exist at a concentration of 4000-8000 cells/p.l in peripheral blood of a healthy person. The
white blood cells include () granular leukocytes having segmented nuclei and neutrophilic granules and (Il) mononuclear
cells each having a round nucleus. Most of the mononuclear cells are lymphocytes part of which constitute monocytes
(macrophages) having a function of phagocytosis. The lymphocytes made of such mononuclear cells play a major role
as immune cells.

[0009] The lymphocytes are made up of various subgroups having different functions. Three larger subgroups are
those of T cells, B cells and NK cells.

[0010] The T cells are further divided into two large groups called CD4 T cell and CD8 T cell subsets. Either the T
cells or the B cells include memory cells which have received antigenic stimulation due to infection or the like and naive
cells which have not experienced any antigenic stimulation.

[0011] While the above discussion has shown a rough grouping of the lymphocytes, these groups respectively have
different functions. This means that the immunity of a human is made of total capability of the functions of various subsets
having such different functions.

[0012] Therefore, a subset having one function does not represent the entirety of an individual.

[0013] As explained thus far in detail, it is possible to observe the functions of a wide variety of lymphocyte subsets
and proportions thereof among the entire lymphocytes. Specifically, although it is possible to acquire cell population
data, such as a T cell count of 1540 cells/pl, a B cell count of 105 cells/ul and an NK cell count of 225 cells/pll, it is not
obvious how individual items of these data correlate with the immunity of a human. In other words, there is a problem
that no method is available to an individual person for objectively evaluating the level of his or her own immunity (immune
function).

[0014] Martin Blazik, Paul Hutchinson, Matthew D. Jose, Kevan R. Polkinghorne, Stephen R. Holdsworth, Robert C.
Atkins and Steven J. Chadban in "Leukocyte phenotype and function predicts infection risk in renal transplant recipients”,
Nephrol Dial Transplant (2005) 20:2226-2230 assessed a direct measure of immune status, leukocyte phenotype and
function as a predictor of infection to suggest a composite measure of five aspects of peripheral blood leukocyte phenotype
and function as a direct measure of immune status and identify a cohort of renal transplant recipients who subsequently
incurred a high burden of infection.

DISCLOSURE OF THE INVENTION

[0015] In light of the foregoing, it is an object of the invention to provide an immunity evaluation method, an immunity
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evaluation data processing apparatus, and a computer program capable of performing functions of the data processing
apparatus, which make it possible to objectively evaluate immunity in a general, comprehensive fashion.
[0016] An immunity evaluation method according to the invention comprises steps of:

- determining at least two immune cell parameters in sampled blood, wherein said parameters include the T cell count
and the T cell proliferation index, the latter being the product of the T cell count and a T cell proliferation activity
parameter;

- determining an evaluation value for each parameter which comprises a scoring step for executing a scoring operation
according to a value of each of said immune cell parameters based on a specific reference value,

- adding the evaluation values which comprises an adding step for determining a score by adding points obtained by
said scoring operation;

- evaluating the immunity from the results of the adding. This method executes the scoring operation according to
the value of each of the immune cell parameters contained in the sampled blood for each of the

[0017] atleast two selected kinds of immune cell parameters based on the specific reference value and evaluates the
immunity based on the score obtained by adding the individual points. It is therefore possible to objectively evaluate the
general, comprehensive immunity of each person whose blood has been sampled.

[0018] Preferably said step of evaluating comprises an evaluation step for evaluating the immunity in a stepwise
fashion by classifying immunity evaluation results into a plurality of grades according to the points and determining to
which grade said score belongs. This method evaluates the immunity in a stepwise fashion by classifying the immunity
evaluation results into a plurality of grades according to the points and determining to which grade the score belongs,
so that it is possible to clearly evaluate the immunity.

[0019] The plurality of grades are preferably classified according to cumulative frequencies of healthy persons. In the
immunity evaluation method according to the invention said at least two immune cell parameters may further include at
leastone of a CD4/CD8 T cell count ratio, a naive T cell count, a naive/memory T cell countratio, IL-2 cytokine productivity,
IFN-y cytokine productivity, IL-4 cytokine productivity, a B cell count and an NK cell count. Since this method uses at
least two selected kinds of immune cell parameters taken from among the T cell count, the T cell proliferation index, the
CD4/CD8 T cell count ratio, the naive T cell count, the naive/memory T cell count ratio, IL-2 cytokine productivity, IFN-
v cytokine productivity, IL-4 cytokine productivity, the B cell count and the NK cell count, it is possible to evaluate high
and low levels of the general, comprehensive immunity.

[0020] Another immunity evaluation method according to the invention comprises steps of:

- determiningin sampled blood a T cell proliferation index which is the product of a T cell proliferation activity parameter
with the T cell count;

- determining in advance a regression equation based on a correlation between the T cell proliferation index and age;

- determining a predicted value of the T cell proliferation index by substituting an input true age into the regression
equation; and

- determining an estimated range of immunity-adjusted age from the predicted value so obtained and the determined
T cell proliferation index. Since the immunity is expressed in terms of age by using the T cell proliferation index
which is highly correlated with age, it is possible to objectively evaluate the general, comprehensive immunity.

[0021] An immunity evaluation data processing apparatus of the invention comprises:

- means for inputting at least two immune cell parameters in sampled blood, wherein said parameters include the T
cell count and the T cell proliferation index, the latter being the product of the T cell count and a T cell proliferation
activity parameter;

- means for determining an evaluation value for each parameter ; which comprises

- ascoring means for executing a scoring operation according to a value of each of said immune cell parameters
based on a specific reference value, and

- ameans for adding the evaluation values which comprises adding means for determining a score by adding points
obtained by said scoring operation;

- means for evaluating the immunity from the results of the adding including a storage unit storing a database in which
immune cell parameter values of a healthy person used as specific reference values for a plurality of immune cells
are interrelated with information related to the healthy person. This apparatus executes the scoring operation ac-
cording to the value of each of the immune cell parameters input through an input unit for each of the at least two
selected kinds of immune cell parameters based on the specific reference value and evaluates the immunity based
on the score obtained by adding the individual points. It is therefore possible to objectively evaluate the general,
comprehensive immunity. Since the apparatus is provided with the storage unit storing the evaluation table classifying



10

15

20

25

30

35

40

45

50

55

EP 2 042 867 B1

the immunity evaluation results in a stepwise form according to the points and the evaluation means determines to
which one of the grades held in the evaluation table the score belongs, it is possible to easily evaluate the immunity.
Since the apparatus has the storage unit storing the database in which the immune cell parameters values of the
healthy person used as the specific reference values for the plurality of immune cells are interrelated with the
information related to the healthy person, it is possible to evaluate the immunity without instability.

[0022] Ina preferable embodimentthe apparatus further comprises a storage unit storing an evaluation table classifying
immunity evaluation results in a stepwise form according to the points and said means for evaluating is evaluation means
for evaluating the immunity in a stepwise fashion by determining in which one of grades held to said evaluation table
said score belongs. In this embodiment said at least two selected kinds of immune cell parameters may further include
at least one of a CD4/CD8 T cell count ratio, a naive T cell count, a naive/memory T cell count ratio, IL-2 cytokine
productivity, IFN-ycytokine productivity, IL-4 cytokine productivity, a B cell count and an NK cell count. Since the immunity
evaluation apparatus uses at least two selected kinds of immune cell parameters taken from among the T cell count,
the T cell proliferation index, the CD4/CD8 T cell count ratio, the naive T cell count, the naive/memory T cell count ratio,
IL-2 cytokine productivity, IFN-y cytokine productivity, IL-4 cytokine productivity, the B cell count and the NK cell count,
it is possible to evaluate high and low levels of the general, comprehensive immunity.

[0023] Anotherimmunity evaluating data processing apparatus according to the invention comprises:

- means for inputting a T cell proliferation index of sampled blood, which is the product of a T cell proliferation activity
parameter with the T cell count;

- means for determining in advance a regression equation based on a correlation between the T cell proliferation
index and age;

- means for determining a predicted value of the T cell proliferation index by substituting an input true age into the
regression equation; and

- means for determining an estimated range of immunity-adjusted age from the predicted value so obtained and the
determined T cell proliferation index. Since the immunity is expressed in terms of age by using the T cell proliferation
index which is highly correlated with age, it is possible to objectively evaluate the general, comprehensive immunity.

[0024] A computer program according to the invention is capable of performing functions of the means of the invention’s
data processing apparatus when run on a computer. This program executes the scoring operation according to the value
of each of the immune cell parameters input through an input unit for each of the at least two selected kinds of immune
cell parameters based on the specific reference value and evaluates the immunity based on the score obtained by adding
the individual points. It is therefore possible to objectively evaluate the general, comprehensive immunity.

[0025] It is also preferable that the function of evaluating be an evaluation function of evaluating the immunity in a
stepwise fashion by determining to which one of grades held in an evaluation table classifying immunity evaluation
results in a stepwise form according to the points the score belongs. Since the program is provided with the evaluation
table classifying the immunity evaluation results in a stepwise form according to the points and the evaluation function
evaluates the immunity in a stepwise fashion by determining to which one of the grades held in the evaluation table the
score belongs, it is possible to easily evaluate the immunity.

[0026] According to the present invention, another immunity evaluation program for realizing functions on a computer
to evaluate immunity by using a T cell proliferation index or the quantity of reexpressed CD3 detected from sampled
blood is so configured as to realize the function of determining in advance a regression equation based on a correlation
between the T cell proliferation index or the quantity of reexpressed CD3 and age, the function of determining a predicted
value of the T cell proliferation index or the quantity of reexpressed CD3 by substituting an input true age into the
regression equation, and the function of determining an estimated range of immunity-adjusted age from the predicted
value so obtained and the determined T cell proliferation index or the quantity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

FIG. 1 is a block diagram showing the overall structure of an immunity evaluation apparatus according to one
embodiment of the present invention;

FIG. 2 is a block diagram showing functions possessed by a main computer unit;

FIG. 3 is an explanatory diagram showing immune cell parameter values of healthy persons having no disease;
FIG. 4 is a diagram showing a relationship between T cell count and cumulative frequency;

FIG. 5 is a diagram showing a relationship between CD4/CD8 T cell count ratio and cumulative frequency;
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FIG. 6 is an evaluation table obtained by classifying immunity evaluation results in stepwise form according to scores
thereof;

FIG. 7 is a graph showing a relationship between the number of persons and grades;

FIG. 8 is an explanatory diagram showing a procedure from the point of blood sample collection to the point of
acquiring data used for calculating 10 kinds of immune cell parameters;

FIG. 9 is a flowchart for explaining an example of an immunity evaluation process performed by the main computer
unit based on immune cell parameter values input through an input unit;

FIG. 10 is an explanatory diagram showing the individual immune cell parameters and a specific example of points
assigned thereto;

FIG. 11 is a correlation diagram showing a correlation between immunity score and age;

FIG. 12is a correlation diagram showing a correlation between T cell proliferation index and age according to another
embodiment of the present invention; FIG. 13 is a diagram showing set ranges of age indication;

FIG. 14 is a block diagram showing functions possessed by a main computer unit according to the "another" em-
bodiment;

FIG. 15is a flowchart for explaining an example of an immunity evaluation process performed by the main computer
unit;

FIG. 16 is a diagram showing an evaluation table representing immunity evaluation classification of measured values
and predicted values of T cell proliferation indices and immunity-adjusted ages;

FIG. 17 is a diagram showing immunity evaluation classification and an immunity-adjusted age determined for a
evaluation apparatus according to one embodiment of the present invention, FIG. 2 is a block diagram showing
functions possessed by a main computer unit, and FIG. 3 is an explanatory diagram showing values of immune cell
parameters of healthy persons having no disease.

[0028] Asshownin FIG. 1, the immunity evaluation apparatus A according to the embodiment of the present invention
is built up mainly of a digital computer including an input unit 10, the main computer unit 20, an external storage device
30 constituting a storage unit, a display unit 40, and so on.

[0029] The input unit 10 includes a keyboard and a mouse, for example, through which information related to persons
subjected to immunity evaluation (i.e., persons whose blood has been sampled), later-described immune cell parameter
values and information related to healthy persons, and so on, can be input.

[0030] The aforementioned "information related to persons subjected to immunity evaluation" includes the name,
address, sex, age, past illnesses, present ilinesses, and so on, of each person subjected to immunity evaluation.
[0031] The main computer unit 20 mainly includes, in addition to a central processing unit (CPU) 21, a main memory
22, an interface circuit (not shown) for establishing a connection with an external circuit, and so on.

[0032] The external storage device 30 is a hard disk drive, for example, storing a database 50, an evaluation table
80, and so on, together with a later-described immunity evaluation program, of which contents are read out into the main
memory 22 of the main computer unit 20 and executed where necessary.

[0033] The database 50 is for storing data on immune cell parameter values of a healthy person used as specific
reference values for a plurality of immune cells and information related to the healthy person in an interrelated manner.
The database 50 is so configured that immune cell parameter values of a new healthy person can be additionally stored
when appropriate through the aforementioned input unit 10.

[0034] A "healthy person" is a person who has been found to have no specific anomalies in a general medical exam-
ination, and the "information related to healthy persons" includes the name, address, sex, age, weight, height, and so
on, of each healthy person.

[0035] The immunity evaluation program is a program programmed using a known programming language that causes
the main computer unit to operate based on an immunity evaluation method according to the present embodiment
described hereinbelow. This program, when executed, provides the main computer unit 20 with a function of scoring
means 60, a function of adding means 61, a function of immunity evaluation means 62, a function of parameter selection
means 63, a function of evaluation level setting means 64, a function of score level setting means 65 and a function of
parameter extraction means 66 as shown in FIG. 2. The individual functions will be described later in great detail.

The immunity evaluation method of the present embodiment is intended in essence to evaluate immunity by using
immune cell parameters for a plurality of immune cells contained in blood samples. Specifically, the immunity evaluation
method scores the immunity according to values of at least two immune cell parameters based on the specific reference
values and evaluates the immunity based on a score obtained by adding up individual points given as a result of scoring.
[0036] In this embodiment, the immunity is scored in a stepwise fashion according to the values at least two immune
cell parameters based on the specific reference values and evaluated stepwise based on the score obtained by adding
up the results of scoring.

The"immune cell parameters"referred to herein are those for a plurality of immune cells contained in the blood samples.
[0037] Used in this embodiment are 10 kinds of immune cell parameters which are appropriate for immune cells
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contained in lymphocytes within peripheral blood.

[0038] As shown in FIG. 3, the 10 kinds of immune cell parameters are (a) the number of T cells per microliter (T cell
count), (b) T cell proliferation index, (c) CD4/CD8 T cell count ratio,(d) the number of naive Tcells per microliter (naive
Tcell count),(e)naive/memory T cell count ratio,(f) the number of B cells per microliter (B cell count),(g)the number of
natural killer(NK)cells per microliter (NK cell count), (h) IL-2 cytokine productivity, (i) IFN-y cytokine productivity and (j)
IL-4 cytokine productivity. The immune cell parameters are not however limited to these 10 kinds but other kinds of
immune cell parameters may be adopted instead.

While (h) IL-2 cytokine productivity, (i) IFN-y cytokine productivity and (j) IL-4 cytokine productivity are functions of the
immune cells, the "immune cell parameters"are meant to include these functions as well in the present embodiment.
[0039] Also, while the following discussion of the present embodiment deals with the number of T cells per microliter
or the like, it goes without saying that the cell population can be expressed by the number of cells per any unit of fluid.
All of the 10 kinds of immune cell parameters, such as (a) the number of T cells per microliter and (b) T cell proliferation
index, are selected in the present embodiment. When at least two kinds of immune cell parameters are to be selected,
however, it is preferable that the immune cell parameters are selected in the following combinations.

[0040] Specifically, when two kinds ofimmune cell parameters are to be combined, the immune cell parameters should
be selected to include at least one of T cell count and T cell proliferation index. Preferably, the immune cell parameters
should be selected to include both (a) the number of T cells per microliter and (b) T cell proliferation index.

[0041] Also, when three or more kinds of immune cell parameters are to be selected, the immune cell parameters
should preferably be selected to include both (a) the number of T cells per microliter and (b) T cell proliferation index in
the same way as mentioned above.

If the immune cell parameters are selected in the aforementioned combinations, variations in immunity are likely to be
reflected in the result of immunity evaluation and the immunity (immune function) can be evaluated in a general, com-
prehensive fashion.

[0042] The (b) T cell proliferation index is a totally novel conceptual value capable of reflecting both T cell count and
T cell proliferative activity and can be expressed by the following equation:

(T cell proliferation index) = OD (490 nm) value x

(number of T cells per microliter/1000)

[0043] While the number of T cells per microliter is divided by 1000 in the above equation, this is for matching the
number of digits with other values shown in FIG. 3 and the number of T cells per microliter need not necessarily be
divided by 1000.

[0044] The OD (optical density) value is the value of absorbance which reflects the proliferative activity of T cells. In
this embodiment, the OD value is calculated by MTS method without using any isotope. The value 490 (nm) shown
above in parentheses is the wavelength of light.

[0045] Given below is an outline of the MTS method:

"CellTiter 96 (registered trademark) AQueous One Solution Cell Proliferation Assay" is a reagent used for colorimetric
analysis for measuring (counting) the number of live cells in a cell proliferation test or a toxicological cell test.

[0046] The reagent contains a new tetrazolium compound named "3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS)" and a electron capturing agent named "phenazine etho-
sulfate (PES)". Since PES stabilizes under coexistence with MTS (tetrazolium salt), it is possible to produce a convenient
single solution.

[0047] CellTiter 96(R) AQueous One Solution Assay can decrease analysis time compared to other tetrazolium com-
pounds, such as methyl-thiazole-tetrazolium (MTT) oriodo-nitro-tetrazolium (INT). This is because this productis supplied
as a stable single solution and it is not necessary to solubilize an MTS formazan product. In treatment of an assay, a
small quantity of CellTiter 96 AQueous One Solution Reagent is directly added to a culture well and the assay is incubated
for a period of 1-4 hours. MTS (Owen’s Reagent) is reduced by live cells and converted into a colored formazan product
which is soluble in the culture. Measurement can easily be made if carried out at 490 nm by using the 96-well plate
reader. Formazan values measured at 490 nm are proportional to the number of live cells in the culture. This product
can be used as a substitute for the [3H]-thymidine incorporation method.

[0048] Asthe T cell proliferation index can be calculated without using any isotope as mentioned above, it is possible
to easily implement the present invention at a clinic or the like having no expensive facilities for conducting nuclear
medical examinations.
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[0049] The immunity evaluation program of the present invention is so configured as to cause the computer to perform
a scoring function for scoring the immunity according to values of the individual immune cell parameters for each of
preselected at least two immune cell parameters based on the specific reference values and an immunity evaluation
function for evaluating the immunity based on a score obtained by adding up individual points.

[0050] In this embodiment, the digital computer serves the scoring function to score the immunity in a stepwise fashion
according to the values of the individual immune cell parameters for each of preselected at least two immune cell
parameters based on the specific reference values as well as the immunity evaluation function to evaluate the immunity
stepwise based on the score obtained by adding up individual points.

[0051] The"digital computer" herein referred tois equivalent to the immunity evaluation apparatus Ain this embodiment.
[0052] While the immunity evaluation program is stored in the external storage device 30, the invention is not limited
to this structure but the immunity evaluation program may be recorded in any of various information storage media, such
as a portable magnetic disk, a magneto-optic disk and a semiconductor memory. This means that an arrangement may
be made such that the immunity evaluation program can be installed when the need arises. If the immunity evaluation
program is recorded in a portable data recording medium, the immunity evaluation program can easily be upgraded to
an improved version.

[0053] Theimmunity evaluation program may be recorded in the data recording medium not only in a readily executable
form but in a compressed or encrypted form.

[0054] The main computer unit 20, and thus the immunity evaluation apparatus A, exhibits the following functions by
executing the aforementioned immunity evaluation program.

(1) A function to score the immunity according to individual immune cell parameter values for each of selected at
least two immune cell parameters based on the specific reference values (scoring means 60).

In the present embodiment, this function scores the immunity in a stepwise fashion according to the individual
immune cell parameter values based on the specific reference values for the group of the aforementioned 10 kinds
of immune cell parameters.

The "specific reference values" are immune cell parameter values of healthy persons which are the values shown
specifically in FIG. 3.

The expression "scores the immunity in a stepwise fashion according to the individual immune cell parameter values"
means that the immune cell parameter values of the healthy persons are classified into three levels including a
range of cumulative frequencies of less than 10%, a range of cumulative frequencies of 10% or more but less than
40%, and a range of cumulative frequencies of 40% or more, and progressively smaller points are assigned to the
individual levels as the immunity decreases. Due to such classification of the immune cell parameter values into the
three discrete levels according to the cumulative frequency, it is possible to score the immunity in a reliable fashion.
To be more specific, using values at the cumulative frequency of 10% and at the cumulative frequency of 40% as
references, 1 point is assigned to values with a cumulative frequency of 10%, 2 points are assigned to values with
a cumulative frequency of 10% or more but less than 40%, and 3 points are assigned to values with a cumulative
frequency of 40% or more.

Specifically, values of the healthy persons within the range of cumulative frequencies of less than 10% are assigned
1 point indicating a low immunity level, values within the range of cumulative frequencies of 10% or more but less
than 40% are assigned 2 points indicating a medium immunity level, and values within the range of cumulative
frequencies of 40% or more are assigned 3 points indicating a sufficiently high immunity level.

In short, a larger number of points are assigned to higher immunity levels while a smaller number of points are
assigned to lower immunity levels.

While the present embodiment is described by using an example in which 1, 2 or 3 points are assigned to the three
individual levels, the invention is not limited to this arrangement but should only be such that higher immunity levels
are assigned correspondingly higher points and lower immunity levels are assigned correspondingly lower points.
It is to be noted that the aforementioned criteria of the cumulative frequency of 10% and the cumulative frequency
of 40% would more or less vary as the number of healthy persons accumulated in the database 50 increases.

A specific scoring scheme is now described by using an example in which the T cell count and the CD4/CD8 T cell
count ratio are selected from among the aforementioned immune cell parameters, for example. FIG. 4 is a diagram
showing a relationship between the T cell count and the cumulative frequency, and FIG. 5 is a diagram showing a
relationship between the CD4/CD8 T cell count ratio and the cumulative frequency.

As depicted in FIG. 4, the T cell count of peripheral blood corresponding to the cumulative frequency of 10% is 717,
so that 1 point is given if the T cell count of the sampled peripheral blood is less than 717.

Also, the T cell count of peripheral blood corresponding to the cumulative frequency of 40% is 1177, so that 2 points
are given if the T cell count is 717 or greater, or less than 1177. Similarly, 3 points are given if the T cell count is
1177 or greater.

The CD4/CD8 T cell count ratio is scored as follows in a manner different from what is used for the other immune
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cell parameters including the aforementioned T cell count.

As depicted in FIG. 5, the CD4/CD8 T cell count ratio corresponding to the cumulative frequency of 10% is 1.0, the
CD4/CD8 T cell count ratio corresponding to the cumulative frequency of 40% is 1.3, and the CD4/CD8 T cell count
ratio corresponding to a cumulative frequency of 80% is 2.6.

Further, 1 point is assigned to a value falling within the range of cumulative frequencies of less than 10%, 2 points
are assigned to a value falling within the range of cumulative frequencies of 10% or more but less than 40%, 3 points
are assigned a value falling within a range of cumulative frequencies of 40% or more but less than 80%, 2 points
are assigned to a value falling within a range of cumulative frequencies of 80% or more but less than 90%, and 1
point is assigned to a value falling within a range of cumulative frequencies of 90% or more.

Specifically, 1 point is assigned if the CD4/CD8 T cell count ratio is less than 1.0, 2 points are assigned if the
CD4/CD8 T cell count ratio is 1.0 or higher but less than 1.3, 3 points are assigned if the CD4/CD8 T cell count ratio
is 1.3 or higher but less than 2.6, 2 points are assigned if the CD4/CD8 T cell count ratio is 2.6 or higher but less
than 3.5, and 1 point is assigned if the CD4/CD8 T cell count ratio is 3.5 or higher to score individual values of the
CD4/CD8 T cell count ratio.

A reason why 2 points are assigned to a CD4/CD8 T cell count ratio corresponding to a cumulative frequency of
80% or more but less than 90% and 1 point is assigned to a CD4/CD8 T cell count ratio corresponding to a cumulative
frequency of 90% or more is that the CD4/CD8 T cell count ratio has a tendency to increase with aging.

(2) A function to evaluate the immunity stepwise based on a score obtained by adding individual points (adding
means 61 and evaluation means 62).

FIG. 6 is an evaluation table obtained by classifying immunity evaluation results in a stepwise form according to
gained points. The evaluation table 80 obtained by arranging this evaluation table in a tabular form is stored in the
external storage device 30.

Specifically, this function evaluates the immunity stepwise by determining to which range each score belongs referring
to the evaluation table 80 corresponding to the evaluation table (A) obtained by stepwise classification of the immunity
evaluation results.

The evaluation table (A), or the evaluation table 80, is configured in the following fashion.

A total point obtained by adding up points assigned to the aforementioned 10 kinds of immune cell parameters exists
between 30 and 10.

Thus, the results of immunity evaluation are classified into 5 grades corresponding to the total point.

The individual grades (hereinafter referred to as "grades") are classified as follows:

Grade 5: Corresponds to a range of 30-29 points, indicating that a subject has sufficiently high immunity.
Grade 4: Corresponds to a range of 28-26 points, indicating that a subject has high immunity.

Grade 3: Corresponds to a range of 22-25 points, indicating that a subject has ordinary immunity or immunity
in a stage of initial degradation.

Grade 2: Corresponds to a range of 21-17 points, indicating that a subject has slightly degraded immunity.
Grade 1: Corresponds to a range of 16-10 points, indicating that a subject has highly degraded immunity.

Grade 5 is the range containing 2 different numbers of total points, grade 4 is the range containing 3 different
numbers of total points, grade 3 is the range containing 4 different numbers of total points, grade 2 is the range
containing 5 different numbers of total points, and grade 1 is the range containing 7 different numbers of total points.
The lower the grade, the wider the range of points. This is because the grade of healthy persons rarely drops to
grade 2 or 1, whereas persons having diseases, such as cancerous patients who exhibit dramatic changes in
immunity, are likely to be classified as one of the lower grades.

Most of the healthy persons are distributed within grades 5 to 3. On the other hand, patients having diseases are
distributed within grades 4 to 2 in most cases, and those classified in grade 1 are evaluated to be in a considerably
dangerous situation.

The inventors have obtained data shown in FIG. 7 as a result of experiments actually conducted on 60 healthy
persons and 30 cancerous patients with their immunity classified into 5 grades. FIG. 7 is a graph showing the
relationship between the number of persons and grades, in which the vertical axis represents the number of persons
and the horizontal axis represents the grade.

As is apparent from FIG. 7, the healthy persons are classified in grade 3 or higher grades, whereas the cancerous
patients are mostly classified in grade 3 or lower grades, exhibiting a peak in grade 2. It can be seen from above
that a person having a disease exhibits obvious downgrading and those classified in grade 2 or below require care
to be taken to prevent infection.

While the foregoing discussion has dealt with an example in which the 10 kinds of immune cell parameters are
preselected, the immune cell parameters need not necessarily be preselected by may be selected in a manner
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described below.

(3) A function to select at least two kinds of immune cell parameters ( parameter selection means 63).
Specifically, the aforementioned 10 kinds of immune cell parameters are presented in a readily selectable form on
the display unit 40 and a desired immune cell parameter displayed on-screen is selected by manipulating the input
unit 10, such as by pressing an enter key.

These immune cell parameters may be selected in a combination corresponding to a disease or in a combination
corresponding to age (aging).

An example of the "combination corresponding to a disease" may be a combination of immune cell parameters of
which values are apt to vary due to the relevant disease, for instance. Also, an example of the "combination corre-
sponding to age (aging)" may be a combination of immune cell parameters which are likely to vary with aging.

In a case where such kind of parameter selection means 62 is provided, the scoring means is to perform stepwise
scoring operation according to individual immune cell parameter values for each of the selected at least two immune
cell parameters based on the specific reference values.

The immunity evaluation apparatus A may be configured to have the following functions in addition to the afore-
mentioned functions (1)-(3).

(4) A function to set an increased or decreased number of grades of immunity evaluation results (evaluation level
setting means 64).

While the embodiment has been discussed thus far with reference to an example in which the number of grades of
immunity evaluation results is set to 5, the number of grades of immunity evaluation results may be increased or
decreased in a manner described below.

In case of subjects like cancerous patients having disease

The number of grades of immunity evaluation results is increased by subdividing grades 2 and 1. For example,
grades 2 and 1 are each subdivided into 3 grades to obtain a total of 9 grades.

An arrangement for increasing and decreasing the number of grades may be such that an evaluation table for the
aforementioned 5 grades and an evaluation table for the 9 grades are prepared in advance and these evaluation
tables are automatically switched when past iliness of each person whose blood has been sampled is input through
the input unit 10, for example. This arrangement makes it possible to flexibly cope with specific diseases.

In case of aging if the age is less than 50, the immunity is scored in a stepwise fashion according to individual
immune cell parameter values for each of 3 kinds of immune cell parameters based on the specific reference values,
for example, and if the age is 50 or above, the immunity is scored in a stepwise fashion according to individual
immune cell parameter values for each of 10 kinds of immune cell parameters based on the specific reference values.
An arrangement usable in this case is such that an evaluation table for the group of the 3 kinds of immune cell
parameters and an evaluation table for the group of the 10 kinds ofimmune cell parameters are prepared in advance
and these reference tables are switched by judging whether the input age is 50 or above when the age of each
person whose blood has been sampled is input through the input unit 10, for example.

(5) A function to set an increased or decreased number of grades of scoring results (score level setting means 65).
This function is intended to score the immunity into one of three grades mentioned above if the age is less than 50
and into one of five grades if the age is 50 or above, for example.

This kind of score level setting can be made by judging whether the input age is 50 or above when the age is input
through the input unit 10, for example.

It is also possible to switch the number of grades in which results are scored from the aforementioned 3-grade
scoring to 5-grade scoring when a specific past illness like that of cancerous patients is input through the input unit
10. Such a judgment may be made by judging whether a specific past illness has been input.

(6) A function to extractimmune cell parameter values of healthy persons based on information related to the healthy
persons ( parameter extraction means 66).

For example, an image prompting for entry of ages or the like of persons whose immune cell parameter values are
to be extracted is displayed on the display unit 40, and an operator inputs specific ages through the input unit 10 in
accordance with the on-screen image.

This makes it possible to use the immune cell parameter values of healthy persons extracted for the individual ages
as specific reference values so that the immunity can be evaluated in consideration of degradation thereof occurring
in the course of aging.

The immune cell parameter values of healthy persons may be extracted according to sex alone or a combination
of age and sex.

Next, a procedural flow from collection of blood samples to immunity evaluation is described. FIG. 8 is an explanatory
diagram showing a procedure from the point of blood sample collection to the point of acquiring data used for
calculating the 10 kinds of immune cell parameters.

As shown in this Figure, the immune cell parameters or the data used for calculating the immune cell parameters
are acquired by collecting mononuclear cells from the blood samples and performing a flowcytometric analysis, a
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T cell proliferative activity analysis by the MTS method and an enzyme-linked immunosorbent assay (ELISA) analysis
of cytokines in culture supernatant and, then, these data are input through the input unit 10.

Collection of mononuclear cells
[0055] A collection process for collecting mononuclear cells contained in blood is as follows:

1. 8 ml of a blood sample is collected in a CPT mononuclear cell preparation vacuum tube (Becton, Dickinson and
Company: 8362761).

2. The blood sample is centrifuged at 3000 rpm for 20 minutes at room temperature.

3. A layer of mononuclear cells obtained by centrifugation is collected.

4. Physiological saline is added to the collected mononuclear cells layer.

5. The collected mononuclear cells are centrifuged at 1500 rpm for 10 minutes at room temperature.
6. Supernatant is discarded and physiological saline is added again.

7. The collected mononuclear cells are centrifuged at 1200 rpm for 5 minutes at room temperature.
8. Supernatant is discarded and cell culture fluid (RPMI-1640) is added to produce a cell suspension.
9. Cell concentration is measured (by using 0.2% trypanblue solution).

10. The cell concentration is adjusted to 1 X 108 cells/ml in the cell suspension.

Flowcytometric analysis
[0056] The flowcytometric analysis is carried out by using the collected mononuclear cells.

1. 300 pl of the cell suspension having the cell concentration of 1 X 10° cells/ml is added to 3 ml of 0.83% NH,CI
solution and stirred therein. Then, the solution is left for 3 minutes to dissolve red blood cells.

2. A 2% FBS-PBS solution is added and the sample is centrifuged at 1500 rpm for 5 minutes.

3. Supernatant is removed by suction.

4. 300 pl of the 2% FBS-PBS solution is added to resuspend the cells to thereby regulate the cell suspension.

5. 50 pl of the cell suspension is each injected in four test tubes (BD: 352002).

6. A fluorescent-labeled monoclonal antibody solution is added to the test tubes.

a) FITC-CD20/PE-CD3

b) FITC-CD4/PE-CD8

c) FITC-CD4/PE-CD8/ECD-CD45RA
d) FITC-CD16/PE-CD56

7. The test tubes are left in a dark place for 30 minutes.

8. 400 pl of the 2% FBS-PBS solution is added to regulate cells for the flowcytometric analysis.

9. A fluorescent-labeled monoclonal antibody positive cell index is calculated by a flowcytometer having dedicated
software installed therein.

[0057] The above-described flowcytometric analysis makes it possible to obtain 6 kinds of immune cell parameters,
that is, the T cell count, the CD4/CD8 T cell count ratio, the naive T cell count, the naive/memory T cell count ratio, the
B cell count and the NK cell count.

Anti-CD3 monoclonal antibody stimulation
[0058] Anti-CD3 monoclonal antibody is coated on 96- and 24-well plates.

1. 30 pl of Orthoclone OKT3 solution (ORTHO BIOTECH: 672,993,402) is diluted by adding 10 ml of physiological
saline.

2. The diluted OKT3 solution is supplied to the 96- and 24-well plates in quantities of 100 pl/well and 400 pl/well,
respectively.

3. The samples are left at rest for 2 hours at room temperature.

4. The diluted OKT3 solution is discarded by suction and physiological saline is supplied to the 96- and 24- well
plates in quantities of 200 pl/well and 1000 pl/well, respectively.

5. Physiological saline is discarded by suction and, again, physiological saline is supplied to the 96- and 24- well
plates in quantities of 200 pl/well and 1000 pl/well, respectively.

11
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6. This operation is repeated a total of 5 times.
7. Physiological saline is supplied to the 96- and 24-well plates in quantities of 200 wl/well and 2000 wl/well, respec-
tively, and the 96- and 24-well plates are refrigerated and held until subjected to analysis.

T cell proliferative activity analysis by MTS method
[0059]

1. 10% FBS-RPM and the cell suspension having the cell concentration of 1 X 108 cells/ml are supplied to the 96-
well plate prepared with the aforementioned anti-CD3 monoclonal antibody coating in quantities of 100 pl/well and
100 pl/well, respectively. Three wells are used for each sample.

2. The samples are cultured in an incubator under conditions of 5% carbon dioxide gas at 37°C.

3. At a point of 68-hour culturing, an MTS solution is added in a quantity of 40 pl/well.

4. At a point of 72-hour culturing, the samples are measured by a colorimeter (490 nm). As a consequence, it
becomes possible to calculate the aforementioned T cell proliferation index.

ELISA analysis of cytokines in culture supernatant

[0060] ELISA stands for enzyme-linked immunosorbent assay which is a method of measuring antibodies or peptides,
for instance, in a qualitative manner by using antigen-antibody reaction. As discussed heretofore, an antigen (e.g., a
fluid sample or serum containing the antigen to be measured) is added to the measurement plates coated in advance
with a specific antibody (thus forming a solid layer) appropriate for the antigen (i.e., a substance to be measured), and
the antigen labeled with a color development enzyme is further added to cause an antigen-antibody reaction. After
removing an excess part of the antibody which has not produced the reaction, the enzyme causes a matrix to develop
a color and a resultant pigment density is detected as representative of the amount of the antigen. As a consequence,
it is possible to measure the IL-2 cytokine productivity, the IFN-y cytokine productivity and the IL-4 cytokine productivity.

Evaluation of immunity based on a plurality of immune cell parameters

[0061] FIG. 9 is a flowchart for explaining an example of an immunity evaluation process performed by the main
computer unit 20 based on immune cell parameter values input through the input unit 10.

[0062] Step S1: The information related to persons subjected to immunity evaluation, such as the address, name,
age, sex, past ilinesses, present illnesses, and so on, of each person, as well as the values of the 10 kinds of immune
cell parameters obtained by the aforementioned analyses and the information related to the healthy person are input
through the input unit 10. The main computer unit 20 proceeds to step S2 when the enter key is pressed.

[0063] Step S2: The main computer unit 20 judges whether all of the immune cell parameter values have been input
and, if all of the values are judged to have been input, the main computer unit 20 proceeds to step S3.

[0064] Step S3: The main computer unit 20 judges whether the immune cell parameter input through the input unit
10 is the CD4/CD8 T cell count ratio. If the result is in the affirmative, the main computer unit 20 proceeds to step S10,
and if not, the main computer unit 20 proceeds to step S4.

[0065] Step S4: If the immune cell parameter input through the input unit 10 is a cumulative frequency of less than
10%, the main computer unit 20 proceeds to step S5, in which the main computer unit 20 assigns 1 point to the immune
cell parameter and proceeds to step S9. If the immune cell parameter is not a cumulative frequency of less than 10%,
however, the main computer unit 20 proceeds to step S6.

[0066] Step S6: The main computer unit 20 judges whether the immune cell parameter input through the input unit
10 is a cumulative frequency of 10% or more but less than 40%. If the result is judged to be affirmative, the main computer
unit 20 proceeds to step S7, and if not, the main computer unit 20 proceeds to step S8.

[0067] StepS7: The main computer unit 20 proceeds to step S9 after assigning 2 points to the pertinent immune
cellparameter.

[0068] Step S8: The main computer unit 20 proceeds to step S9 after assigning 3 points to the pertinent immune cell
parameter.

[0069] Step S9: The main computer unit 20 adds the points assigned to each of the individual immune cell parameters
and proceeds to step S17.

[0070] Step S10: Since the immune cell parameter input through the input unit 10 is the CD4/CD8 T cell count ratio,
the main computer unit 20 proceeds to step S11 if the immune cell parameter input through the input unit 10 is less than
10%, or the main computer unit 20 proceeds to step S12 if the immune cell parameter input through the input unit 10 is
not less than 10%.

[0071] Step S11: The main computer unit 20 proceeds to step S9 after assigning 1 point to the pertinent immune cell
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parameter.

[0072] Step S12: The main computer unit 20 judges whether the immune cell parameter input through the input unit
10 is a cumulative frequency of 10% or more but less than 40%. If the result is affirmative, the main computer unit 20
proceeds to step S13, and if not, the main computer unit 20 proceeds to step S14.

[0073] Step S13: The main computer unit 20 proceeds to step S9 after assigning2 points to the pertinent immune cell
parameter.

[0074] Step S14: The main computer unit 20 judges whether the immune cell parameter input through the input unit
10 is a cumulative frequency of 40% or more but less than 80%. If the result is affirmative, the main computer unit 20
proceeds to step S15, and if not, the main computer unit 20 proceeds to step S16.

[0075] Step S15: The main computer unit 20 proceeds to step S9 after assigning 1 point to the pertinent immune cell
parameter.

[0076] Step S16: The main computer unit 20 proceeds to step S9 after assigning 2 points to the pertinent immune cell
parameter.

[0077] FIG. 10 is an explanatory diagram showing a specific example of points assigned to the individual immune cell
parameters that are added in step S9.

[0078] For example, if (@) T cell count = 3, (b) T cell proliferation index = 1, (c) CD4/CD8 T cell count ratio = 2, (d)
naive T cell count = 3, (e) naive/memory T cell count ratio = 2, (f) B cell count = 3, (g) NK cell count = 2, (h) IL-2 cytokine
productivity = 2, (i) IFN-y cytokine productivity = 3, and (j) IL-4 cytokine productivity = 2 as depicted in this Figure, a
score obtained by adding all these points is "23".

[0079] In steps S17 to S21 which follow hereunder, the main computer unit 20 judges to which one of the 5 grades of
evaluation results the score belongs.

[0080] Step S17: The main computer unit 20 judges whether the score belongs grade 5. If the score is judged to
belong to grade 5, the main computer unit 20 proceeds to step S21 with this result stored, and if not, the main computer
unit 20 proceeds to step S18.

[0081] Step S18: The main computer unit 20 judges whether the score belongs to grade 4. If the score is judged to
belong to grade 4, the main computer unit 20 proceeds to step S21 with this result stored, and if not, the main computer
unit 20 proceeds to step S19.

[0082] Step S19: The main computer unit 20 judges whether the score belong to grade 3. If the score is judged to
belong to grade 3, the main computer unit 20 proceeds to step S21 with this result stored, and if not, the main computer
unit 20 proceeds to step S20.

[0083] In the case of the example shown in FIG. 10, the score is "23" so that the score is evaluated as belonging to
grade 3.

[0084] Step S20: The main computer unit 20 judges whether the score belongs to grade 2. If the score is judged to
belong to grade 2, the main computer unit 20 proceeds to step S21 with this result stored, and if not, the main computer
unit 20 judges that the score belongs to grade 1 and proceeds to step S21 with this result stored.

[0085] Step S21: The main computer unit 20 displays a textual statement corresponding to the result of immunity
grading on the display unit 40 and completes the evaluation process. The textual statement might be "The subject has
sufficiently high immunity." for grade 5, "The subject has high immunity." for grade 4, "The subject has ordinary immunity
or immunity in a stage of initial degradation." for grade 3, "The subject has slightly degraded immunity." for grade 2, and
"The subject has highly degraded immunity." for grade 1, for example.

[0086] Since the score is evaluated as belonging to grade 3 in the case of the example shown in FIG. 10, the textual
statement "The subject has ordinary immunity or immunity in a stage of initial degradation." would be displayed on the
display unit 40.

[0087] These textual statements are stored in relation to grades 1 to 5 in the external storage device 30.

[0088] If necessary, the main computer unit 20 generates a radar graph or the like and displays the same on the
display unit 40 or prints the same by executing a print job.

[0089] Additionally, the main computer unit 20 would presents comments on the immunity of each person on printing
paper in consideration of the aforementioned radar graph, past illnesses, present illnesses and values of other persons
whose blood has been sampled, for instance.

[0090] FIG. 11 is a correlation diagram showing a correlation between immunity score and age, in which the vertical
axis y represents the immunity score and the horizontal axis x represents the age, R2 indicating regression coefficients.
[0091] As is apparent from this Figure, the ability of immune cells degrades as a result of aging. If populations and
functions of 10 kinds of immune cells are measured and scored, it would be obvious that overall abilities of healthy
persons of varying ages degrade with certainty due to aging.

[0092] Cancerous patients, on the other hand, show a different distribution from the healthy persons, that is, more
cancerous patients obviously have lower scores than the healthy persons with respect to the overall abilities and, thus,
the present invention is extremely useful in knowing human health conditions.

[0093] According to the present invention described thus far, general, comprehensive immunity of humans can be
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evaluated in an objective fashion. It is therefore possible to recognize one’s own immunity in numerical form and find
changes in the immunity by making measurements as appropriate, thereby making it possible to predict the occurrence
of a disease from a reduction in evaluation results.

[0094] Also, as the general, comprehensive immunity can be objectively evaluated, it is possible to assess effects of
various immunity recovery methods. For example, it is possible to assess the effect of dietary cure by making measure-
ments before and after one month of the dietary cure.

[0095] Additionally, if a cancerous patient currently receives chemotherapy or the like, it is possible to monitor side
effects on immunity. For example, while chemotherapy as applied to a cancerous patient exerts an effect of suppressing
cancer in the bone marrow and the immune system, immunity degrades immediately after treatment and recovers after
the treatment is stopped although the chemotherapeutic treatment is conducted at specific intervals.

[0096] If the immunity cannot recover as a result of repetitive treatment cycles, the patient will be placed at risk of
infection. If the immunity is periodically evaluated with the present invention, it is possible to easily recognize a decrease
in immunity and take measures to prevent infection.

[0097] Itis to be pointed out that below-described variations of the foregoing embodiment are also embraced in the
present invention.

[0098] While the embodiment has been described thus far with reference to an example in which progressively smaller
numbers of points are assigned to individual levels of immunity as the immunity decreases, this arrangement may be
so modified as to score the immunity by assigning progressively larger numbers of points as the immunity increases. In
short, what is essential for the scoring scheme is that one should be allowed to distinguish between high and low levels
of immunity.

[0099] Also, while the embodiment has been described thus far with reference to an example in which 1, 2 or 3 points
are assigned to the three individual levels of immunity, this arrangement may be modified such that two levels or three
or more levels of immunity are set depending on disease(s). The arrangement may also be modified such that a specific
number of immunity levels are set according to age(s).

[0100] Inaddition, while the foregoing discussion has dealt with an example in which cytokinesin the culture supernatant
is analyzed by the ELISA analysis, the IL-2 cytokine productivity, the IFN-y cytokine productivity and the IL-4 cytokine
productivity may be determining by using real-time PCR analysis or a DNA array.

[0101] Furthermore, while the embodiment has been described thus far with reference to an example in which the
external storage device with the database constructed therein is directly connected to the main computer unit, the present
invention may be an immunity evaluation system which is configured such that one peripheral computer or at least two
peripheral computers, each including an input unit and a display unit equivalent to those described earlier, and a database
server storing immune cell parameters serving as specific reference values for a plurality of immune cells in database
form interconnected via electric communications lines, wherein each of the peripheral computers is provided with scoring
means for scoring the immunity according to individual immune cell parameter values for at least two immune cell
parameters based on the specific reference values and immunity evaluation means for evaluating the immunity based
on a score obtained by adding up individual points given as a result of scoring. In this case, at least two peripheral
computers (immunity evaluation apparatuses) can use the common database so that high efficiency is achieved. Eval-
uation of immunity based on immunity-adjusted age

[0102] While the embodiment has been described thus far with reference to the immunity evaluation method for
evaluating a general immune function based on a score calculated by scoring the immunity from values of the immune
cell parameters and adding individual points obtained as a result of scoring, it is also possible to evaluate the general
immune function from an immunity-adjusted age. An embodiment which uses the T cell proliferation index in evaluating
the immunity based on the immunity-adjusted age is described hereunder.

[0103] First, the correlation between T cell proliferation index and age is determined from approximately 300 healthy
persons. As previously discussed, the T cell proliferation index is obtained by measuring T cell proliferative activity of a
healthy person against the anti-CD3 monoclonal antibody by the MTS method and calculating the T cell proliferation
index by the following equation, where the absorbance is a value of the T cell proliferation index obtained by colorimetry:

(T cell proliferation index) = (absorbance OD) x

(number of T cells in peripheral blood (cells/nl)) /1000

[0104] FIG. 12 is a diagram showing a correlation between the T cell proliferation index and age from approximately
300 healthy persons. The T cell proliferation index exhibits obvious changes during aging, thus showing a statistically
significant correlation. Thus, from this correlation, a regression equation is calculated as follows:
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y = -0.0174x + 2.5348

where y indicates a value predicted for each age and x indicates true age.

[0105] Next, individual ages are entered into the regression equation thus obtained to thereby determine predicted
values of the T cell proliferation index for the individual ages and calculate differences between the predicted values
obtained and measured values of the T cell proliferation index as well as residual errors. Specifically, the residual errors
are determined from residual error = (measured value (T cell proliferation index)) - (predicted value (value obtained from
the regression equation)).

[0106] Subsequently, immunity-adjusted ages are calculated. The immunity-adjusted age (calculated age) is deter-
mined by substituting the measured value of the T cell proliferation index of each subject into the following equation
which is obtained by converting the aforementioned regression equation:

(Calculated age) = (2.5348 - (measured

value))/0.0174

[0107] The calculated age thus obtained is however an estimated value. Practically, it is more appropriate to express
the immunity-adjusted age with a certain degree of allowance. As the residual errors which are the differences between
the measured and predicted values of T cell proliferation indices assume a normal distribution, a range of the immunity-
adjusted age is defined in the below-described manner.

[0108] Since the differences between the predicted and measured values of the T cell proliferation indices of the
subjects, or the residual errors, follow a normal distribution, it is possible to obtain standard deviations of the residual
errors from equations shown below.

0_/2 =_1_ﬁ:(xi _x)2

I’l—l i=1

[0109] Ranges of age indication are set as shown in FIG. 13 based on the standard deviations SD of the residual
errors obtained. Specifically, the ranges of age are =0.5SD, =1.0SD, =1.5SD and +2.0SD, wherein the residual errors
are =0.25 (0.5SD), =0.5 (1.0SD), +0.75 (1.5SD) and +1.0 (2.0SD).

[0110] The inventors calculated differences between the true ages and immunity-adjusted ages of the subjects from
the residual errors obtained based on these standard deviations. First, calculated ages are obtained from the aforemen-
tioned equation. Observation of differences between the calculated ages and the true ages reveals that values thereof
obtained from the standard deviations coincide with each other for any ages. Particularly, =0.5SD indicates approximately
+15 years, =1.0SD indicates approximately =30 years, =1.5SD indicates approximately =45 years, +=2.0SD indicates
approximately =60 years, and =2.0SD or above indicates approximately =60 years for individual ages.

[0111] In actual calculation, a calculated age when shifted in a +1SD direction is obtained by determining a predicted
value of the T cell proliferation index by first substituting a true age into the regression equation and, then, substituting
a value obtained by adding a residual error corresponding to the predicted value into the equation for calculating the
calculated age.

(A) For age 40, the predicted value +1SD is calculated as age 11.253 by 1.839 + 0.5 = 2.339;
(B) For age 50, the predicted value +1SD is calculated as age 21.253 by 1.665 + 0.5 = 2.165; and
(C) For age 60, the predicted value +1SD is calculated as age 31.253 by 1.491 + 0.5 = 1.991.

[0112] It follows that the difference between the calculated age and the true age is approximately 30 years regardless
of age. The ranges of age with individual SD ranges mentioned above have been calculated in the above-described
manner. The immunity-adjusted age is set within a range of approximately age 17-99 so that the immunity-adjusted age
corresponds to the value of substantial age. Thus, the difference between the calculated age and the true age obtained
as discussed above is assumed to be 20% and referred to as an "indicated age" so that the immunity-adjusted ages fall
within this range.

15



10

15

20

25

30

35

40

45

50

55

EP 2 042 867 B1

[0113] Specifically, the indicated age is calculated by the following equation:

(Indicated age) = (true age) + {{calculated age) -

(true age)) x 0.2

[0114] Next, the structure of an immunity evaluation apparatus practically used for performing immunity evaluation of
the present embodiment is described. The overall structure of the immunity evaluation apparatus of this embodiment is
the same as shown in FIG. 1.

[0115] It is to be noted, however, the input unit 10 includes a keyboard and a mouse, for example, through which
information related to persons subjected to immunity evaluation (i.e., persons whose blood has been sampled), immune
cell parameter values including in particular T cell proliferation indices, and information related to healthy persons
including in particular true ages thereof, and so on, can be input.

[0116] The database 50 of the external storage device 30 is for storing data on immune cell parameter values of a
healthy person used as specific reference values for a plurality of immune cells and information related to the healthy
person in an interrelated manner. The database 50 is so configured that immune cell parameter values of a new healthy
person can be additionally stored when appropriate through the aforementioned input unit 10. The evaluation table 80
of the external storage device 30 stores, besides the evaluation table described in the foregoing embodiment obtained
by classifying immunity evaluation results in a stepwise form according to gained points, an evaluation table (FIG. 16)
representing later-described immunity evaluation classification of measured values and predicted values of T cell pro-
liferation indices and immunity-adjusted ages.

[0117] The immunity evaluation program is a program programmed by using a known programming language that
causes the main computer unit to operate based on an immunity evaluation method according to the present embodiment
described hereinbelow. This program, when executed, provides the main computer unit 20 with a function of T cell
proliferation index predicted value calculating means 67, a function of T cell proliferation index residual error calculating
means 68 and a function of classifying and immunity-adjusted age calculating means 69 for immunity classifying and
immunity-adjusted age calculation based on the T cell proliferation indices, in addition to or separately from the function
of the scoring means 60, the function of the adding means 61, the function of the immunity evaluation means 62, the
function of the parameter selection means 63, the function of the evaluation level setting means 64, the function of the
score level setting means 65 and the function of the parameter extraction means 66 as shown in FIG. 14.

[0118] While this immunity evaluation program is stored in the external storage device 30, the invention is not limited
to this structure but the immunity evaluation program may be recorded in any of various information storage media, such
as a portable magnetic disk, a magneto-optic disk and a semiconductor memory. This means that an arrangement may
be made such that the immunity evaluation program can be installed when the need arises. If the immunity evaluation
program is recorded in a portable data recording medium, the immunity evaluation program can easily be upgraded to
an improved version.

[0119] Theimmunity evaluation program may be recorded in the data recording medium not only in a readily executable
form but in a compressed or encrypted form.

[0120] The main computer unit 20, and thus the immunity evaluation apparatus A, exhibits the following functions by
executing the aforementioned immunity evaluation program.

(1) A function to calculate a predicted value of a T cell proliferation index by substituting an input true age into the
regression equation which has been predetermined and recorded (T cell proliferation index predicted value calcu-
lating means 67).

(2) A function to calculate a residual error of the T cell proliferation index from an input measured value of the T cell
proliferation index and a predicted value thereof obtained in step S32 (T cell proliferation index residual error cal-
culating means 68).

(3) A function to classify the immunity and calculate an immunity-adjusted age based on the residual error obtained
(classifying and immunity-adjusted age calculating means 69).

[0121] FIG. 15 is a flowchart for explaining an example of an immunity evaluation process performed by the main
computer unit 20 based on a measured value of the T cell proliferation index and true age input through the input unit 10.
[0122] Step S31: The information related to persons subjected to immunity evaluation, such as the address, name,
age, sex, pastillnesses, present ilinesses, and so on, of each person, as well as immune cell parameter values including
T cell proliferation indices are input through the input unit 10. The main computer unit 20 proceeds to step S32 when
the enter key is pressed.
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[0123] Step S32: The main computer unit 20 calculates a predicted value of a T cell proliferation index by substituting
an input true age into the regression equation which has been predetermined and recorded.

[0124] Step S33: The main computer unit 20 calculates a residual error of the T cell proliferation index from an input
measured value of the T cell proliferation index and a predicted value thereof obtained in step S32.

[0125] Step S34: The main computer unit 20 judges in which one of ranks "A" to "I" shown in FIG. 16 the measured
value is to be assigned based on the residual error obtained, that is, based on the predicted value and the measured
value, and then determines the immunity-adjusted age. Specifically, the evaluation table 80 stores the evaluation table
representing immunity evaluation classification of measured values and predicted values of T cell proliferation indices
and immunity-adjusted ages as shown in FIG. 16. In step S34, the main computer unit 20 ranks the immunity based on
the measured value and the predicted value and calculates the immunity-adjusted age using this evaluation table. Among
the immunity-adjusted ages shown in FIG. 16, a youngest age range is set as ages 17-20 and an oldest age range is
set as ages 96-99.

[0126] Step S35: The main computer unit 20 displays evaluation results obtained by the foregoing steps on the display
unit 40 and completes the evaluation process. Included in contents of evaluation are the "information related to the
persons subjected to immunity evaluation including true ages thereof", "measured values of the T cell proliferation
indices", "predicted values of the T cell proliferation indices", "residual errors", "immunity evaluation ranks", "immunity-
adjusted ages", and so forth.

[0127] FIGS. 17-21 show immunity evaluation ranks and immunity-adjusted ages actually determined for 5 samples.
[0128] For example, while the sample (case 1) of FIG. 17 has a true age of 68, the measured value of the T cell
proliferation index is 0.58 and the residual error is - 0.77. Accordingly, this sample is classified in immunity evaluation
rank H and evaluated as having an immunity-adjusted age of 77-80 which is older than the true age. Also, while the
sample (case 2) of FIG. 18 has a true age of 57, the measured value of the T cell proliferation index is 2.11 and the
residual error is 0.57. Accordingly, this sample is classified in immunity evaluation rank C and evaluated as having an
immunity-adjusted age of 48-51 which is younger than the true age. While the sample (case 3) of FIG. 19 has a true
age of 39, the measured value of the T cell proliferation index is 2.72 and the residual error is 0.86. Accordingly, this
sample is classified in immunity evaluation rank B and evaluated as having an immunity-adjusted age of 27-30 which
is much younger than the true age. While the sample (case 4) of FIG. 20 has a true age of 72, the measured value of
the T cell proliferation index is 0.85 and the residual error is -0.43. Accordingly, this sample is classified in immunity
evaluation rank F and evaluated as having an immunity-adjusted age of 75-78 which is older than the true age. While
the sample (case 5) of FIG. 18 has a true age of 56, the measured value of the T cell proliferation index is 1.63 and the
residual error is 0.07. Accordingly, this sample is classified in immunity evaluation rank E and evaluated as having an
immunity-adjusted age of 53-59 which is in agreement with the true age.

[0129] As discussed so far, the immunity is expressed in terms of age by using the T cell proliferation index which is
highly correlated with age in the present embodiment, so that it is possible to objectively evaluate the general, compre-
hensive immunity.

[0130] While the present embodiment is intended to evaluate the general immune function according to the immunity-
adjusted age determined based on the measured value of the T cell proliferation index, it goes without saying that the
immunity evaluation apparatus of this embodiment may be so configured as to further possess the functions of the
foregoing embodiment to score the immunity according to individual immune cell parameter values and evaluate the
general immune function based on a score obtained by adding individual points acquired as a result of scoring.

[0131] Described next is an embodiment which utilizes reexpression of CD3 in evaluating the immunity based on the
immunity-adjusted age.

[0132] First, a correlation between the quantity of expressed CD3 and age is determined from approximately 300
healthy persons. A method of determining the quantity of expressed CD3 is as follows. T cells enter a multiplicative
growth phase when stimulated by the anti-CD3 monoclonal antibody. At the same time, CD3 antigen present on a cell
membrane surface combines with the anti-CD3 monoclonal antibody and is taken into the cells, and is thus no longer
present on cell surface. It takes two to three days for the quantity of CD3 on the cell membrane to return to an original
level. The inventors stimulated the T cells in healthy persons by the anti-CD3 monoclonal antibody and measured CD3
in the T cells after three days.

[0133] FIG. 22 is a correlation diagram showing a correlation between the quantity of reexpressed CD3 and age from
approximately 300 healthy persons. The quantity of CD3 exhibits obvious changes during aging, thus showing a statis-
tically significant correlation. Thus, from this correlation, a regression equation is calculated as follows, indicating that
the quantity of CD3 reduces with increasing age:

y = 0.9782x + 287.39
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where y indicates a value predicted for each age and x indicates true age.

[0134] Next, individual ages are entered into the regression equation thus obtained to thereby determine predicted
values of the quantities of reexpressed CD3 for the individual ages and calculate differences between the predicted
values obtained and measured values of the T cell proliferation index as well as residual errors. Specifically, the residual
errors are determined from residual error = (measured value (quantity of reexpressed CD3)) - (predicted value (value
obtained from the regression equation)).

[0135] Subsequently, immunity-adjusted ages are calculated. The immunity-adjusted age (calculated age) is deter-
mined by substituting the measured value of the quantity of reexpressed CD3 of each subject into the following equation
which is obtained by converting the aforementioned regression equation:

(Calculated age) = (287.39 - (measured

value))/0.9782

[0136] The calculated age thus obtained is however an estimated value. Practically, it is more appropriate to express
the immunity-adjusted age with a certain degree of allowance. As is the case with the T cell proliferation index, a range
of the immunity-adjusted age is defined by utilizing the fact that the residual errors which are the differences between
the measured and predicted values of the quantities of reexpressed CD3 assume a normal distribution.

[0137] The immunity-adjusted age is set within a range of approximately age 17-99 so that the immunity-adjusted age
corresponds to the value of substantial age. Thus, the difference between the calculated age and the true age obtained
as discussed above is assumed to be 20% and referred to as an "indicated age" so that the immunity-adjusted ages fall
within this range. Specifically, the indicated age is calculated by the following equation:

(Indicated age) = (true age) + ((calculated age) -

(true age)) x 0.2

[0138] The structure of an immunity evaluation apparatus, the configuration of a program, the configuration of an
evaluation table, and functions thereof practically used for performing immunity evaluation of the present embodiment
are exactly the same as those used in the case of the T cell proliferation index.

[0139] It is to be noted, however, the input unit 10 includes a keyboard and a mouse, for example, through which
information related to persons subjected to immunity evaluation (i.e., persons whose blood has been sampled), immune
cell parameter values including in particular the quantities of reexpressed CD3, and information related to healthy persons
including in particular true ages thereof, and so on, can be input.

[0140] The database 50 of the external storage device 30 is for storing data on immune cellparameter values of a
healthy person used as specific reference values for a plurality of immune cells and information related to the healthy
person in an interrelated manner. The database 50 is so configured that immune cell parameter values of a new healthy
person can be additionally stored when appropriate through the aforementioned input unit 10. The evaluation table 80
of the external storage device 30 stores, besides the evaluation table described in the foregoing embodiment obtained
by classifying immunity evaluation results in a stepwise form according to gained points, an evaluation table (same as
shown in FIG. 16) representing later-described immunity evaluation classification of measured values and predicted
values of the quantities of reexpressed CD3 and immunity-adjusted ages.

[0141] The immunity evaluation program is a program programmed by using a known programming language that
causes the main computer unit to operate based on an immunity evaluation method according to the present embodiment
described hereinbelow. This program, when executed, provides the main computer unit 20 with a function of reexpressed
CD3 quantity predicted value calculating means 70, a function of reexpressed CD3 quantity residual error calculating
means 71 and a function of classifying and immunity-adjusted age calculating means 72 for immunity classifying and
immunity-adjusted age calculation based on the quantities of reexpressed CD3, in addition to or separately from the
function of the scoring means 60, the function of the adding means 61, the function of the immunity evaluation means
62, the function of the parameter selection means 63, the function of the evaluation level setting means 64, the function
of the score level setting means 65 and the function of the parameter extraction means 66 as shown in FIG. 23.
[0142] While this immunity evaluation program is stored in the external storage device 30, the invention is not limited
to this structure but the immunity evaluation program may be recorded in any of various information storage media, such
as a portable magnetic disk, a magneto-optic disk and a semiconductor memory. This means that an arrangement may
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be made such that the immunity evaluation program can be installed when the need arises. If the immunity evaluation
program is recorded in a portable data recording medium, the immunity evaluation program can easily be upgraded to
an improved version.

[0143] Theimmunity evaluation program may be recorded in the data recording medium not only in a readily executable
form but in a compressed or encrypted form.

[0144] The main computer unit 20, and thus the immunity evaluation apparatus A, exhibits the following functions by
executing the aforementioned immunity evaluation program.

(1) A function to calculate a predicted value of the quantity of reexpressed CD3 by substituting an input true age
into the regression equation which has been predetermined and recorded (reexpressed CD3 quantity predicted
value calculating means 70).

(2) A function to calculate a residual error of the quantity of reexpressed CD3 from an input measured value of the
quantity of reexpressed CD3 and a predicted value thereof obtained in step S32 (reexpressed CD3 quantity residual
error calculating means 71).

(3) A function to classify the immunity and calculate an immunity-adjusted age based on the residual error obtained
(classifying and immunity-adjusted age calculating means 72).

[0145] FIG. 24 is a flowchart for explaining an example of an immunity evaluation process performed by the main
computer unit 20 based on a measured value of the quantity of reexpressed CD3 and true age input through the input
unit 10.

[0146] Step S41: The information related to persons subjected to immunity evaluation, such as the address, name,
age, sex, pastillnesses, present ilinesses, and so on, of each person, as well as immune cell parameter values including
the quantity of reexpressed CD3 are input through the input unit 10. The main computer unit 20 proceeds to step S32
when the enter key is pressed.

[0147] Step S42: The main computer unit 20 calculates a predicted value of the quantity of reexpressed CD3 by
substituting an input true age into the regression equation which has been predetermined and recorded.

[0148] Step S43: The main computer unit 20 calculates a residual error of the quantity of reexpressed CD3 from an
input measured value of the quantity of reexpressed CD3 and a predicted value thereof obtained in step S32.

[0149] Step S44: The main computer unit 20 judges in which one of ranks "A" to "I" shown in FIG. 16 the measured
value is to be assigned based on the residual error obtained, that is, based on the predicted value and the measured
value, and then determines the immunity-adjusted age. Specifically, the evaluation table 80 stores the evaluation table
representing immunity evaluation classification of measured values and predicted values of the quantity of reexpressed
CD3 and immunity-adjusted ages as shown in FIG. 16. In step S44, the main computer unit 20 classifies the immunity
based on the measured value and the predicted value and calculates the immunity-adjusted age using this evaluation
table. Among the immunity-adjusted ages shown in FIG. 16, the youngest age range is set as ages 17-20 and the oldest
age range is set as ages 96-99.

[0150] Step S45: The main computer unit 20 displays evaluation results obtained by the foregoing steps on the display
unit 40 and completes the evaluation process. Included in contents of evaluation are the "information related to the
persons subjected to immunity evaluation including true ages thereof", "measured values of the quantity of reexpressed
CDg3", "predicted values of the quantity of reexpressed CD3", "residual errors", "immunity evaluation ranks", "immunity-
adjusted ages", and so forth.

[0151] Asdiscussed so far, the immunity is expressed in terms of age by using the quantity of reexpressed CD3 which
is highly correlated with age in the present embodiment, so that it is possible to objectively evaluate the general, com-
prehensive immunity.

[0152] While the present embodiment is intended to evaluate the general immune function according to the immunity-
adjusted age determined based on the measured value of the quantity of reexpressed CD3, it goes without saying that
the immunity evaluation apparatus of this embodiment may be so configured as to further possess the functions of the
foregoing embodiment to score the immunity according to individual immune cell parameter values and evaluate the
general immune function based on a score obtained by adding individual points acquired as a result of scoring.

Claims
1. An immunity evaluation method comprising steps of:
- determining at least two immune cell parameters in sampled blood, wherein said parameters include the T

cell countand the T cell proliferation index, the latter being the product of the T cell count and a T cell proliferation
activity parameter;
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- determining an evaluation value for each parameter which comprises a scoring step for executing a scoring
operation according to a value of each of said immune cell parameters based on a specific reference value;

- adding the evaluation values which comprises an adding step for determining a score by adding points obtained
by said scoring operation;

- evaluating the immunity from the results of the adding.

The method according to claim 1, wherein said step of evaluating comprises an evaluation step for evaluating the
immunity in a stepwise fashion by classifying immunity evaluation results into a plurality of grades according to the
points and determining to which grade said score belongs.

The method according to claim 2, wherein the plurality of grades are classified according to cumulative frequencies
of healthy persons.

The method according to claim 1, wherein said at least two immune cell parameters further include at least one of
a CD4/CD8 T cell count ratio, a naive T cell count, a naive/memory T cell count ratio, IL-2 cytokine productivity, IFN-
vy cytokine productivity, IL-4 cytokine productivity, a B cell count and an NK cell count.

An immunity evaluation method comprising steps of:

- determining in sampled blood a T cell proliferation index which is the product of a T cell proliferation activity
parameter with the T cell count;

- determining in advance a regression equation based on a correlation between the T cell proliferation index
and age;

- determining a predicted value of the T cell proliferation index by substituting an input true age into the regression
equation; and

- determining an estimated range of immunity-adjusted age from the predicted value so obtained and the
determined T cell proliferation index.

An immunity evaluation data processing apparatus comprising:

- means for inputting (10) at least two immune cell parameters in sampled blood, wherein said parameters
include the T cell count and the T cell proliferation index, the latter being the product of the T cell count and a
T cell proliferation activity parameter;

- means for determining an evaluation value for each parameter;

which comprises a scoring means (60) for executing a scoring operation according to a value of each of said immune
cell parameters based on a specificreference value, and means (61) for adding the evaluation values which comprises
adding means for determining a score by adding points obtained by said scoring operation;

- means for evaluating (62) the immunity from the results of the adding including a storage unit (30) storing a
database (50) in which immune cell parameter values of a healthy person used as specific reference values for
a plurality of immune cells are interrelated with information related to the healthy person.

The apparatus according to claim 6, further comprising a storage unit storing an evaluation table (80) classifying
immunity evaluation results in a stepwise form according to the points, wherein said means for evaluating (62) is
evaluation means for evaluating the immunity in a stepwise fashion by determining in which one of grades held to
said evaluation table (80) said score belongs.

The apparatus according to claim 6, wherein said at least two immune cell parameters further include at least one
of a CD4/CD8 T cell count ratio, a naive T cell count, a naive/memory T cell count ratio, IL-2 cytokine productivity,
IFN-y cytokine productivity, IL-4 cytokine productivity, a B cell count and an NK cell count.

An immunity evaluating data processing apparatus comprising:
- means for inputting (10) a T cell proliferation index of sampled blood, which is the product of a T cell proliferation
activity parameter with the T cell count;

- means for determining in advance a regression equation based on a correlation between the T cell proliferation
index and age;
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- means for determining a predicted value (67) of the T cell proliferation index by substituting an input true age
into the regression equation; and

- means for determining an estimated range of immunity-adjusted age (69) from the predicted value so obtained
and the determined T cell proliferation index.

10. A computer program capable of performing functions of the means of the data processing apparatus of claim 6, 7
or 9 when run on a computer.

Patentanspriiche
1. Immunitatsbewertungsverfahren, umfassend die Schritte des:

- Bestimmens von wenigstens zwei Immunzellparametern in abgenommenem Blut, wobei die Parameter die
T-Zell-Zahl und den T-Zell-Proliferationsindex umfassen, wobei letzterer das Produkt der T-Zell-Zahl und eines
T-Zell-Proliferationsaktivitatsparameters ist,

- Bestimmens eines Bewertungswertes fiir jeden Parameter, welches einen Einstufungsschritt zur Ausfiihrung
eines Einstufungsvorgangs gemaf einem Wert von jedem der Immunzellparameter basierend auf einem spe-
zifischen Referenzwert umfafdt,

- Addierens der Bewertungswerte, was einen Additionsschritt zur Bestimmung einer Einstufung durch Addieren
von Punkten umfalt, die bei dem Einstufungsvorgang erhalten sind,

- Bewertens der Immunitat aus den Ergebnissen des Addierens.

2. Verfahren nach Anspruch 1, wobei der Schritt des Bewertens einen Bewertungsschritt zur stufenweisen Bewertung
der Immunitat durch Klassifizierung von Immunitatsbewertungsergebnissen in einer Mehrzahl von Graden geman
den Punkten und Bestimmung, zu welchem Grad die Einstufung gehort, umfaft.

3. Verfahren nach Anspruch 2, wobei die Mehrzahl von Graden gemaf kumulativen Haufigkeiten bei gesunden Per-
sonen klassifiziert wird.

4. Verfahren nach Anspruch 1, wobei die wenigstens zwei Immunzellparameter ferner wenigstens einen von einem
Zahlverhaltnis von CD4-T-Zellen/CD8-T-Zellen, einer Zahl naiver T-Zellen, einem Zahlenverhaltnis naiver T-Zel-
len/Gedachtnis-T-Zellen, IL-2-Cytokin-Produktivitat, IFN-y-Cytokin-Produktivitat, IL-4-Cytokin-Produktivitat, einer B-
Zell-Zahl und einer NK-Zell-Zahl umfassen.

5. Immunitatsbewertungsverfahren, umfassend die Schritte des:

- Bestimmens in abgenommenem Blut von einem T-Zell-Proliferationsindex, welcher das Produkt eines T-Zell-
Proliferationsaktivitatsparameters mit der T-Zell-Zahl ist,

- Vorabbestimmens einer Regressionsgleichung, basierend auf einer Korrelation zwischen dem T-Zell-Prolife-
rationsindex und Alter,

- Bestimmens eines Vorhersagewertes des T-Zell-Proliferationsindex durch Ersetzen eines eingegebenen wah-
ren Alters in der Regressionsgleichung und

- Bestimmens eines abgeschatzten Bereichs von immunitatsangepaltem Alter aus dem so erhaltenen Vorher-
sagewert und dem T-Zell-Proliferationsindex.

6. Immunitatsbewertungsdatenverarbeitungsvorrichtung, umfassend:

- Mittel zur Eingabe (10) von wenigstens zwei Immunzellparametern von abgenommenem Blut, wobei die
Parameter die T-Zell-Zahl und den T-Zell-Proliferationsindex umfassen, wobei letzterer das Produkt der T-Zell-
Zahl und eines T-Zell-Proliferationsaktivitdtsparameters ist,

- Mittel zur Bestimmung eines Bewertungswertes fir jeden Parameter, umfassend ein Einstufungsmittel (60)
zur Ausfiihrung eines Einstufungsvorgangs gemaf einem Wert von jedem der Immunzellparameter basierend
auf einem spezifischen Referenzwert und ein Mittel (61) zum Addieren der Bewertungswerte, welches ein
Additionsmittel zur Bestimmung einer Einstufung durch Addieren von Punkten umfaf3t, die durch den Einstu-
fungsvorgang erhalten sind,

- Mittel zur Bewertung (62) der Immunitét aus den Ergebnissen des Addierens, umfassend eine Speichereinheit
(30), die eine Datenbank (50) speichert, in welcher als spezifische Referenzwerte verwendete Immunzellpara-
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meterwerte einer gesunden Person fir eine Mehrzahl von Immunzellen in Bezug gesetzt sind mit Information
in Bezug auf die gesunde Person.

Vorrichtung nach Anspruch 6, ferner umfassend eine Speichereinheit, welche eine Bewertungstabelle (80) speichert,
die Immunitatsbewertungsergebnisse stufenweise gemal den Punkten klassifiziert, wobei das Mittel zur Bewertung
(62) ein Bewertungsmittel zur stufenweisen Bewertung der Immunitat durch Bestimmung, zu welchem in der Be-
wertungstabelle (80) gehaltenem Grad die Einstufung gehort, ist.

Vorrichtung nach Anspruch 6, wobei die wenigstens zwei Immunzellparameter ferner wenigstens eines von einem
Zahlverhaltnis von CD4-T-Zellen/CD8-T-Zellen, einer Zahl naiver T-Zellen, einem Zahlenverhaltnis naiver T-Zel-
len/Gedéachtnis-T-Zellen, IL-2-Cytokin-Produktivitat, IFN-y-Cytokin-Produktivitat, IL-4-Cytokin-Produktivitat, einer B-
Zell-Zahl und einer NK-Zell-Zahl umfassen.

Immunitatsdatenbearbeitungsvorrichtung, umfassend:

- Mittel zur Eingabe (10) eines T-Zell-Proliferationsindex von abgenommenem Blut, welcher das Produkt eines
T-Zell-Proliferationsaktivititsparameters mit der T-Zell-Zahl ist,

- Mittel zum Vorabbestimmen von einer Regressionsgleichung basierend auf einer Korrelation zwischen dem
T-Zell-Proliferationsindex und Alter,

- Mittel zur Bestimmung eines Vorhersagewertes (67) des T-Zell-Proliferationsindex durch Ersetzen eines ein-
gegebenen wahren Alters in der Regressionsgleichung, und

- Mittel zur Bestimmung eines abgeschétzten Bereichs von immunitédtsangepaltem Alter (69) aus dem so
erhaltenen Vorhersagewert und dem bestimmten T-Zell-Proliferationsindex.

10. Computerprogramm, das in der Lage ist, Funktionen der Mittel der Datenverarbeitungsvorrichtung nach Anspruch

6, 7 oder 9 auszufiihren, wenn es auf einem Computer lauft.

Revendications

1.

Procédé d’évaluation de 'immunité comprenant les étapes de :

- détermination d’au moins deux paramétres de cellules immunocompétentes dans le sang échantillonné, ou
lesdits paramétres comprennent la numération des lymphocytes T et I'indice de prolifération des lymphocytes
T, ce dernier étant le produit de la numération des lymphocytes T par un paramétre de I'activité de prolifération
des lymphocytes T ;

- détermination d’'une valeur d’évaluation pour chaque parametre, qui comprend une étape de notation destinée
a exécuter une opération de notation selon une valeur de chacun desdits parameétres de cellules immunocom-
pétentes reposant sur une valeur de référence spécifique ;

- addition des valeurs d’évaluation, qui comprend une étape d’addition pour déterminer un score par I'addition
des points obtenus par ladite opération de notation ;

- évaluation de I'immunité d’apres les résultats de I'addition.

Procédé selon la revendication 1, ou ladite étape d’évaluation comprend une étape d’évaluation destinée a évaluer
l'immunité de fagon progressive par classement des résultats de I'évaluation de 'immunité en une pluralité de stades
d’apres les points et détermination du stade auquel ledit score appartient.

Procédé selon larevendication 2, ou la pluralité de stades sont classés selon les fréquences cumulées de personnes
saines.

Procédé selonlarevendication 1, ou lesdits au moins deux parametres de cellulesimmunocompétentes comprennent
en outre au moins un parametre parmi le ratio de numération des lymphocytes T CD4/CDS8, la numération des
lymphocytes T naifs, le ratio de numération des lymphocytes T naifs/a mémoire, la productivité de cytokine IL-2, la
productivité de cytokine IFN-y, la productivité de cytokine IL-4, la numération des lymphocytes B et la numération
des cellules NK.

Procédé d’évaluation de 'immunité comprenant les étapes de :
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- détermination dans le sang échantillonné d’'un indice de prolifération des lymphocytes T qui est le produit d’un
paramétre de I'activité de prolifération des lymphocytes T par la numération des lymphocytes T ;

- détermination par avance d’une équation de régression reposant sur une corrélation entre l'indice de prolifé-
ration des lymphocytes T et I'age ;

- détermination d’une valeur prédite de I'indice de prolifération des lymphocytes T par substitution d’'un age réel
d’entrée dans I'équation de régression ; et

- détermination d’une plage estimée d’age ajusté en fonction de 'immunité d’aprés la valeur prédite ainsi obtenue
et I'indice de prolifération des lymphocytes T déterminé.

Appareil de traitement des données d’évaluation de I'immunité comprenant :

- un moyen destiné a introduire (10) au moins deux parametres de cellules immunocompétentes dans le sang
échantillonné, ou lesdits parameétres comprennent la numération des lymphocytes T et I'indice de prolifération
des lymphocytes T, ce dernier étant le produit de la numération des lymphocytes T par un parameétre de 'activité
de prolifération des lymphocytes T ;

- un moyen destiné a déterminer une valeur d’évaluation pour chaque paramétre ;

lequel comprend un moyen de notation (60) destiné a exécuter une opération de notation selon une valeur de
chacun desdits parametres de cellules immunocompétentes reposant sur une valeur de référence spécifique, et un
moyen (61) destiné a additionner les valeurs d’évaluation, lequel comprend un moyen d’addition destiné a déterminer
un score par I'addition des points obtenus par ladite étape de notation ;

- un moyen d’évaluation (62) de 'immunité d’apres les résultats de I'addition, comprenant une unité de mémo-
risation (30) mémorisant une base de données (50) dans laquelle les valeurs des parameétres des cellules
immunocompétentes d’une personne saine utilisées comme valeurs de référence spécifiques pour une pluralité
de cellules immunocompétentes sont interconnectées avec l'information relative a la personne saine.

Appareil selon larevendication 6, comprenant en outre une unité de mémorisation mémorisant une table d’évaluation
(80) classant les résultats de I’évaluation de I'immunité sous une forme progressive selon les points, ou ledit moyen
d’évaluation (62) est un moyen d’évaluation destiné a évaluer 'immunité de fagon progressive en déterminant auquel
des stades reliés a ladite table d’évaluation (80) ledit score appartient.

Appareil selon larevendication 6, ou lesdits au moins deux paramétres de cellules immunocompétentes comprennent
en outre au moins un paramétre choisi parmi le ratio de numération des lymphocytes T CD4/CD8, la numération
des lymphocytes T naifs, le ratio de numération des lymphocytes T naifs/a mémoire, la productivité de cytokine IL-
2, la productivité de cytokine IFN-y, la productivité de cytokine IL-4, la numération des lymphocytes B et la numération
des cellules NK.

Appareil de traitement des données d’évaluation de I'immunité comprenant :

- un moyen destiné a introduire (10) un indice de prolifération des lymphocytes T du sang échantillonné, lequel
est le produit d’'un paramétre de I'activité de prolifération des lymphocytes T par la numération des lymphocytes
T;
- un moyen destiné a déterminer par avance une équation de régression reposant sur une corrélation entre
l'indice de prolifération des lymphocytes T et I'age ;

- un moyen destiné a déterminer une valeur prédite (67) de l'indice de prolifération des lymphocytes T par
substitution d’un &ge réel d’entrée dans I'’équation de régression ; et

- un moyen destiné a déterminer une plage estimée d’age ajusté en fonction de 'immunité (69) d’apres la valeur

prédite ainsi obtenue et I'indice de prolifération des lymphocytes T déterminé.

10. Programme d’ordinateur capable de réaliser les fonctions des moyens de I'appareil de traitement de données selon

la revendication 6, 7 ou 9 lorsqu’il est mis en oeuvre sur un ordinateur.
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