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Abstract

An agent which includes, as an active 1ingredient thereof,
activated lymphocytes derived from the tissue of an animal 1n
which antibodies and immunocytes do not pass from a mother to
a fetus across the placenta, and which 1s used to enhance the
the 1mmunoclogical functions of another animal of the same
species as the animal from which the lymphocytes are derived.
The present 1invention also provides a production method for an
agent for enhancing the immunological functions of another
animal, wherein lymphocytes separated from an animal are grown

and activated to produce activated lymphocytes.
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Title of Invention

IMMUNOLOGICAL FUNCTION ENHANCING AGENT

Technical Field
[0001]

The present invention relates to an immune function
enhancing agent (immunopotentiator). More specifically, the
present 1nvention relates to an immune function enhancing agent
(1mmunopotentiator) of mammals other than human and a
therapeutic agent for weak calf syndrome of mammals other than
human, the agent containing allogeneic activated lymphocytes,

and a method for producing these agents.

Background Art
(0002]
Herbivorous animals as typified by cattle and horses

cannot receive immune substances such as antibodies and immune

cells from their dams through the placenta in the fetal period.
Therefore, neonates of these animals have poor immune function
andmay be affected by weak calf syndrome. The neonates of these
animals commonly take immune substances such as antibodies and
1mmune cells through colostrum, and thus the function of immune
cells of the neonates is promoted. However, neonates affected
by weak calf syndrome have low absorption of colostrum, thereby
being easily affected by infectious diseases, and further,

severe cases may lead to death. In addition, because there

exist infectious diseases, which are infected through colostrum
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and cause serilous conditions, 1n domestic animals, raw
colostrum 1s not directly given from dam to neonate 1n
production sites for the purpose of prevention of infections.
There are not a few cases in which processed colostrum, which
does not contain immune cells and whose immunity is low, 1s
provided.

[0003]

Activated lymphocyte therapy is known as one of cancer
immunotherapy for small animals including human, dogs and cats.
The activated lymphocyte therapy is a therapy in which
autologous peripheral blood lymphocytes are activated and
amplified 1n vitro and returned to the own body.

[0004]

A formulation containing activated lymphocytes derived
from another individual with the identical HLA (Human Leukocyte
Antigen) 1is disclosed in JP 2004-2312 A (Patent Literature 1).
Because the formulation contains activated lymphocytes, it is
believed to be effective in the prevention and treatment of
autolmmune diseases.

[0005]

An agent for enhancing the immune function of animals

P

other than human and a therapeutic agent for weak calf syndrome

have not, however, been developed.

Summary of Invention

Technical Problem

(0007]
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Rare branded cattle such as Japanese black cattle and
thoroughbreds with a good bloodline, for example, have a high
likelihood of being affected by weak calf syndrome. Therefore,
there 1s a high mortality rate among branded cattle and
thoroughbreds in the neonatal period. 1In the meantime, when
a component derived from an allogeneic animal 1s administered
to them, serious side effects can occur.

[0008]

Thus, an object of the present invention is to provide
an i1mmune function enhancing agent of nonautologous mammals
other than human, which agent has few side effects. The immune
function enhancing agent is effective as an agent for treating
particularly weak syndromes of neonatal animals. Another

object of the present invention is to provide a method for

producing such agent. Still another object of the present

invention 1s to provide a method for enhancing the immune

function of animals.

Solution to Problem

[0009]

The present i1nvention is basically based on observation

-

of examples 1in which in mammals other than human, particularly

-

animals in which antibodies and immune cells do not transfer
from mother to fetus through the placenta, even when using
nonautologous activated lymphocytes, surprisingly the immune
function of allogeneic animals can be enhanced without serious

side effects and the lymphocytes are effective in treating
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particularly weak syndromes of neonatal animals.
[0010]

The first aspect of the present invention relates to an
immune function enhancing agent for allogenelc animals that
contains activated lymphocytes derived from tissues of mammals
other than human as an effective ingredient. The allogeneic
animals are different from the animal from which the tissues
derive but belong to the same species from which the tissues
derive.

[0011]

As a preferred embodiment of the agent in the first aspect

of the present invention, activated lymphocytes derived from
tissues of mammals other than human are activated lymphocytes
which are activated by either one of interleukin-2 and anti-CD3
antibody or both.
[0012]

As a preferred embodiment of the agent in the first aspect
of the present invention, the mammals are animals in which

antibodies and immune cells do not transfer frommother to fetus

through the placenta, specifically cattle or horses.

(0013]

As a preferred embodiment of the agent in the first aspect
of the present invention, the agent is used as an agent for
treating weak syndromes of neonates of animals in which

antibodies and immune cells do not transfer frommother to fetus

through the placenta. Examples of weak syndromes are

infectious diseases. 1In the case of cattle or horses, even when
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allogeneic activated lymphocytes are administered to them,
serious side effects are not confirmed. In addition, as
described above, cattle or horses in the neonatal period, which
are born with a weak constitution, are easily affected by
infectious diseases such as diarrhea and pneumonia, and have
a high likelihood of death, with no effect of treatment. By
using the agent of the present invention, particularly weak
syndromes of cattle or horses can be treated. Consequently,
for example, cattle or horse neonates can be protected against
infectious diseases.

(0014]

The second aspect of the present invention relates to a
method for producing an immune function enhancing agent of
allogeneic animals. The allogeneic animals are different from
the animal from which the tissues derive but belong to the same
specles from which the tissues derive. This method includes

the step of 1solating lymphocytes frommammals other than human,

the step of obtaining activated lymphocytes by amplifying and
activating the isolated lymphocytes and the step of producing
an agent using the obtained activated lymphocytes.

(0015]

As a preferred embodiment of the method in the second
aspect of the present invention, the step of obtaining activated
lymphocytes includes a step in which lymphocytes are cultured
in the presence of either one of interleukin-2 and anti-CD3
antibody or both.

[0016]
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As a preferred embodiment of the method i1n the second

aspect of the present invention, an immune function enhancing
agent for allogeneilic animals 1s a therapeutic agent for weak
calf syndrome to treat weak syndromes of allogenelc neonates,
which are the same species as mammals other than human,
particularly animals in which antibodies and immune cells do
not transfer from mother to fetus through the placenta.
[0017]

The third aspect of the present invention relates to a
method for enhancing the immune function of mammals other than
human, particularly animals in which antibodies and immune
cells do not transfer frommother to fetus through the placenta.
This method includes the step of administering lymphocytes,
which are 1sclated from an animal and amplified and activated,
to allogeneic animals. The allogeneic animals are different
from the animal from which the tissues derive but belong to the

same specles from which the tissues derive.

[0018]

As a preferred embodiment in the third aspect of the
present invention, amplified and activated lymphocytes are
administered tomammals other than human, particularly neonates
of animals in which antibodies and immune cells do not transfer
from mother to fetus through the placenta. That is, the
empodiment 1s to enhance the immune function of neonates to

treat weak syndromes.

[0019]

As a preferred embodiment in the third aspect of the
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present 1nvention, amplified and activated lymphocytes are
administered to neonates, which are one year or less immediately
after their birth and more preferably 3 months or less
immediately after their birth, of animals in which antibodies
and 1mmune cells do not transfer from mother to fetus through
the placenta. Animals under a few months after their birth are
in the state of high immunological tolerance, and thus even when
allogeneic activated lymphocytes are administered to the
animals, immunological rejection rarely occurs. Therefore,
the agent of the present invention can be used effectively to

enhance the immune function of animals that are a few months

of age.

Advantageous Effects of Invention

10020]

According to the present invention, as proved by examples,
there 1s provided, for animals in which antibodies and immune
Cells do not transfer frommother to fetus through the placenta,

an immune function enhancing agent of allogeneic animals, which

agent has few side effects. The immune function enhancing agent

1s effective as an agent for treating particularly weak
syndromes of neonatal animals. 1In addition, according to the

present invention, there is provided a method for producing such

agent.

[10021]

Further, according to the present invention, there is

provided a method for enhancing the immune function of animals
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in which antibodies and immune cells do not transfer frommother
to fetus through the placenta. Therefore, high grade animals
such as branded cattle and thoroughbreds can be efficiently

ralsed.

e

Brief Description of Drawings
[0022]

Fig. 1 1s a graph showing the growth curve of activated
lymphocytes.

Fig. 2 1s a graph showing changes of peripheral blood
mononuclear cells (PBMC).
Fig. 3 1s a graph showing changes of CD3-positive T

lymphocytes.

Fig. 4 1s a graph showing changes of B lymphocytes.

Fig. 5 1s a graph showing changes of IgM B lymphocytes.

Fi1g. 6 1s a graph showing changes of natural killer cells
(NK cells).

Fig. 7A is a graph showing changes of CD4" cells. Fig.
7B 1s a graph showing changes of CD4'CD45R™ cells.

Fig. 8A is a graph showing changes of CD8" cells. Fig.
8B is a graph showing changes of CD8'CD45R™ cells.

Fig. 9A, Fig. 9B, Fig. 9C and Fig. 9D are graphs showing
the expression levels of IL-2 gene, IL-4 gene, IL-6 gene and

IFN-Y gene, respectively.
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Description of Embodiments
[0023]

The first aspect of the present invention relates to an
lmmune function enhancing agent, which contains activated

lymphocytes derived from tissues of mammals other than human

as an effective 1ngredient, of animals which are the same

specles as the mammals and are different individuals from the

mammals. The animals which are different individuals from the

mammals are the same species as the mammals and mean so-called
allogeneic. For example, when a subject fromwhich lymphocytes
are collected 1s a horse, the animals which are the same species
as the mammals mean horses. Allogeneic animals mean
nonautologous animals. An example of allogeneic animals 1s a
mother and a child (a subject from which lymphocytes are
collected 1s a dam and a subject to which an agent containing
activated lymphocytes is administered is a calf). Another
example of allogeneic animals is a father and a child.
Nevertheless, when allogeneic components are introduced into

the animals, serious side effects are not confirmed as proved
py examples. Therefore, the allogeneic animals may be animals

which are the same species without a blood relationship.

[0024]

In mammals, there are not only human, in which enough
antibodies transfer through the placenta, but also animals in
which antibodies and immune cells do not transfer from mother
Lo fetus through the placenta. Examples of animals, in which

antibodies and immune cells do not transfer frommother to fetus
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through the placenta, include cattle, horses, sheep, goats,
pigs and pandas. The agent of the present 1invention 1s
effectively used for these animals in which antibodies and
immune cells do not transfer from mother to fetus through the
placenta (hereinafter also referred to as “subject animals”).
In the subject animals, immune substances including antibodiles
and 1mmune cells cannot transfer from dam to fetus through the
placenta at all in the fetus period. Among these animals, the
agent of the present invention can be preferably used for cattle
or horses.

[0025]

Cattle has a high prevalence of weak calf syndrome (WCS)
which occurs in neonatal calves. WCS is caused by a decrease
in immune function (in particular, the function of T lymphocytes
of 1mmune cells) after birth of cattle. Therefore, the agent
of the present invention is effective in treating particularly
weak calf syndrome of cattle. The neonates of branded cattle
have a high likelihood of death by infectious diseases. AS
shown 1n an example described below, the immune function of
neonatal calves can be enhanced by the agent of the present
1nvention, and thus the agent of the present invention can be
effectively used for preventing infectious diseases of neonatal

calves. As 1s the case with cattle, immune substances cannot

transfer from a dam through the placenta in horses. Therefore,
the agent of the present invention is effective in treating weak

calf syndrome of horses.

(0026]

10
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As activated lymphocytes derived from tissues of animals

in which antibodies and immune cells do not transfer frommother

to fetus through the placenta, for example, lymphocytes which
are isolated from peripheral blood of an animal and cultured
can be used. Examples of tissues of animals include cells which
exl1st 1n bone marrow such as a bone marrow stem cell. For
example, the activated lymphocytes are preferably activated
lymphocytes which are activated by interleukin-2 or anti-CD3
antibody.
[0027]

When the activated lymphocytes are administered to cattle
Oor horses, the present invention is effective in terms of being
capable of administering allogeneic activated lymphocytes
whose leukocyte antigen is not identical to the autologous one.
In general, a probability that leukocyte antigens between
1ndividuals are identical is low. In addition, serious side
effects occur by administering allogeneic activated
lymphocytes with unidentical leukocyte antigen. Therefore,
autologous activated lymphocytes are often used to treat
infectious diseases using activated lymphocytes. Only when
lymphocytes whose leukocyte antigen is identical to the
autologous one can be found, allogeneic activated lymphocytes

whose leukocyte antigen is identical to the autologous one have

been used.

[0028]

When autologous activated lymphocytes are used, it 1is

necessary that blood be collected from autologous peripheral

11
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blood, lymphocytes isolated from the blood be activated, and
the lymphocytes be cultured for about two weeks to amplify.
Therefore, 1t has been impossible to prevent infectious
diseases 0f neonates by administering autologous activated
lymphocytes to neonates of cattle and horses, which have a high
prevalence of weak calf syndrome (WCS), immediately after their
birth.

(00291

When activated lymphocytes whose leukocyte antigen 1is
1dentical to the autologous one are used, because a probability
that leukocyte antigens between individuals are identical 1is
low, 1t hasbeendifficult to find an individual whose leukocyte
antigen 1s identical to the autologous one only among livestock
animals of branded cattle and thoroughbred horses which are
raised. Further, when activated lymphocytes whose leukocyte
antigen 1s identical to the autologous one are used, there have
been problems that time and cost are required for an examination
Lo confirm that an allogeneic leukocyte antigen is identical
Lo the autologous leukocyte antigen.

[0030]

In the present 1nvention, when activated lymphocytes are
administered to cattle or horses, allogeneic activated
lymphocytes whose leukocyte antigen is not identical to their
leukocyte antigens can be administered to them. Therefore, a
formulation of activated lymphocytes can be administered to
neonates immediately after their birth by producing the

formulation of allogeneic activated lymphocytes beforehand and

12
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storing it. Thus, the formulation of activated lymphocytes can
prevent infectious diseases of neonates, and effectively act
on treatment of particularly weak calf syndrome, which has been
a problem. Further in the present invention, when activated
lymphocytes are administered to cattle or horses, because
allogeneic activated lymphocytes whose leukocyte antigen is not
l1dentical to their leukocyte antigens can be administered to
them, the step of examining leukocyte antigens can be eliminated.
In addition, because leukocyte antigens are not required to be
1identical, a formulation of activated lymphocytes can be
mass-produced by producing an activated lymphocyte of an
individual in large quantities, and production costs can be
reduced.

[0031]

The method for producing an immune function enhancing
agent of allogeneic animals, which method is related to the
second aspect of the present invention, will be now described.
This method includes the step of isolating lymphocytes from
animals 1in which antibodies and immune cells do not transfer
frommother to fetus through the placenta, the step of obtaining
activated lymphocytes by amplifying and activating the isolated
lymphocytes, and the step of preparing the agent using the
obtained activated lymphocytes. As the method for producing
the activated lymphocytes, for example, a method in which a
method disclosed in JP 2004-2312 A is suitably modified can be
adopted. A preferred embodiment of the method is to include

the step of culturing the isolated lymphocytes in the presence

13
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of interleukin-2 or a factor to promote the proliferation of
T cells (e.g. anti-CD3 antibody). As proved by an example

described below, by using IgGl type as anti-CD3 antibody,

activated lymphocytes can be effectively activated.
[(0032]

In the step of obtaining activated lymphocytes which are
administered to cattle or horses, gelatin can be added to a

culturing medium of lymphocytes. Gelatin promotes activation

of lymphocytes. 1In addition, when gelatin is added to a medium,
gelatin acts to protect activated lymphocytes. Further, as
described below, because formulations containing activated
lymphocytes which are administered to cattle or horses can be
stored 1n a freezer, gelatin can function as a cushioning
material during preservation by freezing.

[0033]

As gelatin, pig skin gelatin, bovine bone gelatin, fish
bone or fish skin gelatin can be used. To 100 parts by weight
of a culturing medium, 0.1 to 10 parts by weight of gelatin can
be added, preferably 1 to 5 parts by weight. Gelatin is mixed
with a medium by a general method. When lymphocytes are
cultured in a medium containing gelatin, culturing temperature
can pbe 37°C to 42°C and it is preferred that culturing be carried
out 1n a relatively high temperature range of 39°C to 42°C. A
temperature from 39°C to 42°C is higher than general culturing
CLemperature. A temperature from 39°C to 42°C is, however, a
temperature at which gelatin can be uniformly dissolved and

which is close to average body temperature of cattle or horses.

14
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Therefore, by culturing lymphocytes which are administered to
cattle or horses at a temperature from 39°C to 42°C, lymphocytes
which are more active in cattle or horses can be obtained.
(0034]

The enhancing agent of the present 1nvention can be stored
in a freezer after produced, and for example, when a neonate
1s born, the agent can be thawed and administered. The agent
of the present invention can be prepared as a liquid medicine
and provided as a kit in'which the liquid medicine 1is frozen
with male sperms of branded cattle and racehorses
(thoroughbreds). As described above, by forming a kit using
male sperms and an activated lymphocyte formulation, an
activated lymphocyte formulation which is less prone to produce
side effects can be sold. That is, because for a neonate born
after fertilization using sperms contained in such kit, an agent
exists, which contains activated lymphocytes derived from its
farther, the agent of the present invention can be administered
to the neonate, with fewer side effects. Seed bulls and
studhorses are limited among branded cattle and thoroughbreds,
and thus the kit of the present invention can be effectively
used.

[0035]

The dose of a formulation containing activated
lymphocytes as amain component can be suitably varied depending
on, for example, a type of target animal in which antibodies
and 1mmune cells do not transfer from mother to fetus through

the placenta. An example of the dose of a formulation per once

15
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is not less than 1 x 10% and not more than 1 x 107 lymphocytes
per kg of body weight. The dose of a formulation per once can
be not less than 1 x 10° and not more than 1 x 1011, and not less
than 1 x 10* and not more than 1 x 10%° lymphocytes.
[00306]

For the agent of the present i1nvention, a known dosage
form can be adopted. The preferred dosage form of the agent

of the present invention is an injectable solution. An example

of the agent 1s an injectable solution in which the appropriate
amount of activated lymphocytes is dispersed in a physiological
salt solution containing 0.01 to 5% by volume of blood serum
or serum albumin. An example of a method for administering the
1njectable solution is intravenous injection. An example of

administration frequency is once per day or more and once per

month or less.

[0037]

The third aspect of the present invention relates to a
method for enhancing the immune function of animals in which
antibodies and immune cells do not transfer frommother to fetus
through the placenta. The method includes the step of
administering lymphocytes, which are isolated from an animal
and amplified and activated, to allogeneic animals which are

the same species as the animal.

10038]

As a preferred embodiment i1in the third aspect of the
present invention, amplified and activated lymphocytes are

administered to neonates of animals in which antibodies and

16
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immune cells do not transfer from mother to fetus through the
placenta. That 1s, the embodiment is to enhance the l1mmune
function of neonates to treat weak syndromes.

[0039]

As a preferred embodiment in the third aspect of the
present 1nvention, amplified and activated lymphocytes are
administered to neonates, which are one year or less immediately
after their birth and more preferably 3 months or less
lmmediately after their birth, of animals in which antibodies
and i1mmune cells do not transfer from mother to fetus through
the placenta. Animals under a few months after their birth are
in the state of high immunological tolerance, and thus even when
allogenelc activated lymphocytes are administered to the
animals, immunological rejection rarely occurs. Therefore,
the agent of the present invention can be effectively used to
enhance the immune function of animals that are a few months

of age.

Example 1
[0040]

Preparation of activated lymphocytes

In this example, lymphocytes were collected from bovine
peripheral blood and the collected lymphocytes were activated
using IL-2 and anti-bovine CD3 antibody to obtain activated
lymphocytes. Each step will be now described.

10041 ]

Preparation of a flask for culturing activated

17
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lymphocytes

Anti-bovine CD3 antibody (MM1A (IgGl), manufactured by
VNRD) was diluted to a concentration of 2.5 ul/ml using
sterilized phosphate buffered saline (PBS), and 10 ml of the
obtalned solution was poured 1nto a flask with a surface area

of 75 cm® (manufactured by SUMITOMO BAKELITE CO., LTD.). This

antibody diluted solution was spread uniformly on the bottom
of the flask, and the flask was left to stand in a refrigerator
(4°C) until used and a solid phase was obtained. When used,
the flask was taken out from the refrigerator, and the antibody
diluted solution was removed by vacuum, and washing was then
carried out three times using sterilized PBS. Ultimately, the
remalning solution used for washing was sufficiently removed
by vacuum to prepare a flask for culturing activated
lymphocytes.
(00421}

Preparation of a culturing medium

To LAM-1 medium containing 700 U/ml of interleukin (IL)-2

(manufactured by Cenine-Lab. Inc.), bovine calf serum

(manufactured by JRH Biosciences, radiation sterilized) was
added so that the volume ratio would be 2.5% to prepare a medium.
As LAM-Z medium containing 175 U/ml of IL-2 (manufactured by
Cenine-Lab. Inc.) and LAM-3 medium containing 175 U/ml of IL-2
(1n a gas permeable bag, total amount 750 ml, manufactured by
Cenine-Lab. Inc.), which were used in the middle of the

culturing step, commercially available products were used.

1004 3]

18
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Isolation of lymphocytes from peripheral blood

Using a heparin treated blood collection tube, 20 ml of
peripheral whole blood was collected from the bovine jugular
veln. The peripheral blood was centrifuged at 1,600 rpm for

10 minutes, and the isolated blood plasma was placed in a new

sterile tube. To the centrifuged precipitate containing blood

cell components, RPMI-1640 medium (manufactured by Wako Pure
Chemical Industries, Ltd.) was added so that the gross amount

wouldbe 40ml, whichwas twice the whole blood volume, todilute,

and 10 ml of the diluted blood was added to 3 ml of Ficoll-Paque™

(manufactured by GE Healthcare). The obtained mixture was

centrifuged at 1,600 rpm at 22°C for 30 minutes to retrieve a

peripheral blood mononuclear cell (PBMC) layer containing

lymphocytes. The obtained layer was washed once with RPMI-1640

medium. By this operation, about 1 x 10’ peripheral blood

mononuclear cells (PBMC) were obtained.

[0044]

Culturing lymphocytes

The retrieved PBMC was suspended in 20 ml of LAM-1 medium
containing 700 U/ml of IL-2 and 2.5% of bovine calf serum by
volume ratio, and the obtalined suspension was placed in a flask
with solid phased anti-bovine CD3 antibody, and culturing was

carried out. On the third day of culturing, 20 ml of LAM-2

medlium was added thereto, and after 2 days of that (the fifth

day of culturing), 40 ml of LAM-2 medium was added thereto.

After 2 days of that (the seventh day of culturing), sufficient

proliferation of cells was confirmed, and the total amount of

19
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the cell suspension was moved to LAM-3 medium. Thereafter, for
5 to 10 days until amplified cells were retrieved, the flask
was left to stand 1n a carbon dioxide incubator. The culturing
temperature can be 37°C to 42°C and culturing can be preferably
carried out in a relatively high temperature range of 39°C to
42°C
[0045]

Preparation of a cultured lymphocyte formulation

In the case of cultured lymphocytes which were decided
Lo be administered, a culturing bag container (LAM-3)
containing a cultured lymphocyte-suspended culture solution
was sufficiently stirred, and a cell suspension solution was
retrieved from a sample port to a centrifugal tube and
centrifuged at 1600 rpm for 7 minutes to retrieve cultured
lymphocytes. After that, the retrieved lymphocytes were
washed twice with a physiological salt solution containing 0.1%
of autoserum (blood plasma obtained by centrifugation from
whole blood was stored in a refrigerator for 1 day or more, and
then incubated at 56°C for 30 minutes to inactivate, and the
blood plasma was further stored in a refrigerator for 1 day or
more and centrifuged at 3,000 rpm for 20 minutes, and the
obtained supernatant was used as an autoserum), and ultimately
suspended 1n 50 ml of a physiological salt solution containing
1% autoserum. The suspensionwas filledinaninjection syringe
to obtain a formulation. In addition, the determination of

endotoxin in the activated lymphocyte-suspended culture

solution (Toxicolor test, manufactured by SEIKAGAKU

20
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CORPORATION) and cultivation of bacteria using Trypto-Soya Agar

(manufactured by NISSUI) were carried out to confirm safety

before administration.

[0046]

Determination of the surface type of cultured lymphocyte

In a test tube, 5 x 10° cultured lymphocytes obtained in

the above were retrieved and washed once by adding PBS and
Supernatant was then removed. For direct staining and indirect
staining, 10 pl of a FITC (fluorescein isothiocyanate) or PE
(phycoerythrin) labeled monoclonal antibody and 1 pg of an
unlabeled monoclonal antibody, respectively, were added
thereto and sufficiently stirred. The test tube was left to
stand 1n a refrigerator for 30 minutes and washing was carried
out once with PBS. In the case of indirect staining, 50 ul of
FITC labeled sheep anti-mouse antibody (manufactured by AbD
Serotec), suitably diluted, was added thereto and sufficiently
stirred and the test tube was left to stand in a refrigerator
for 30 minutes. After that, washing was carried out once with
PBS, andultimately 0.5 ml of a sheath solution was added thereto
and sufficlently stirred. Surface antigens which had reacted
with each antibody were determined by CyAn (manufactured by
Dako). Monoclonal antibodies used for determination were FITC
labeled anti-~bovine CD8 antibody (9ACT80C, manufactured by

VNRD), PE labeled anti-bovine CD4 antibody (CACT183B,

manufactured by VNRD) and PE labeled anti-canine CD21 antibody
(MCA1781PE, manufactured by AbD Serotec) for direct staining,

and anti-pbovine CD3 antibody (MM1A, manufactured by VNRD),

21



CA 02799516 2012-11-14

anti-bovine y0T cell antibody (WC-1, manufactured by AbD

Serotec) and anti B-B7 (CD21-1like) antibody (GBZ25A,

manufactured by VMRD, Inc.) for indirect staining. For

determining non-specific reactions as control, FITC labeled

anti-mouse I1gGl antibody (manufactured by Dako) and PE labeled
anti-mouse IgGl antibody (manufactured by Dako) were used. The
results are shown 1n Table 1.

[0047]

| Table 1]

Surface Type of Cultured Lymphocytes (%)

Surface type | After separation |}The 14th day of culture

65.34 99.41

25.29 13.60

21.34 18.98

CD21 16.76 0.30
15.21 1.17

Example 2
10048]
In this example, activated lymphocytes derived from a dam

were obtained and an agent containing the activated lymphocytes

was administered to neonatal calves. Each step in this example

will be now described.
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[10049]

Preparation of activated lymphocytes

Peripheral whole blood was collected from dams of

Holstein strain, Japanese Black strain and a hybrid strain

before 2 to 3 weeks of the expected delivery date. According
to Example 1, activated lymphocytes were continuously cultured
until the delivery date. Fig. 1 is a graph showing the growth

curve of activated lymphocytes.

[0050]

Administration of activated lymphocytes to calves

The cultured lymphocytes were retrieved within 2 days
after the birth dates of neonatal calves (0 days old), and
introduced through the jugular veins of the neonatal calves.
The dose was about 1 x 10% activated lymphocytes. These neonatal
calves were considered as an activated lymphocyte administered
group. Meanwhile, among neonatal calves, a group to which
activated lymphocytes were not administered was considered as
a control group. To remove influence by intake of colostrum
from dams, commercially available powdered colostrum
formulations were provided for all neonatal calves after their
birth. After that, the first vaccination at two weeks old and
the second vaccination at 6 weeks old were carried out, and
peripheral blood was collected eight times in total, at 0, 3
and / days old, 2 weeks old and after 3 days of that, © weeks
old and after 3 days and 6 days of that. A fractionof leukocytes
in the peripheral blood was analyzed and the surface type of

lymphocyte was determined, and the expression levels of
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cytokine genes by the PHA (phytohemagglutinin) stimulus were
analyzed.
[0051]

Determination of the surface type of lymphocyte in
peripheral blood

The surface type of lymphocyte in peripheral blood was

determined in the same manner as 1n Example 1.
[0052]

Fig. 2 1s a graph showing changes of peripheral blood

mononuclear cells (PBMC). Fig. 3 is a graph showing changes
of CD3-positive T lymphocytes. Fig. 4 is a graph showing
changes of B lymphocytes. Fig. 5 is a graph showing changes
of IgM B lymphocytes. Fig. 6 is a graph showing changes of
natural killer cells (NK cells).
[0053]

As can be seen from Fig. 2, Fig. 3 and Fig. 6, in both

the activated lymphocyte administered group and the control

group, the number of peripheral blood mononuclear cells (PBMC),
the number of CD3-positive T lymphocytes, the number of CDS8
killer T cells and the number of NK cells were slowly increased
atter bairth. It is found that, however, cell proliferation in
the activated lymphocyte administered group was high as

compared to that in the control group after the second

vaccination.

[0054]

Meanwhile, as can be seen from Fig. 4 and Fig. 5, B

lymphocytes (MHC class~II'CD14” B cells) and IgM B lymphocytes
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(CD21"IgM” B cells) in the activated lymphocyte administered
group were significantly increased as compared to those in the
control group after 3 days and 6 days of the second vaccination.

[0055]

Fig. 7A is a graph showing changes of CD4" cells. Fig.

/B 1s a graph showing changes of CD4'CD45R™ cells. Fig. 8A is
a graph showing changes of CD8" cells. Fig. 8B is a graph showing

changes of CD8'CD45R™ cells. As can be seen from Fig. 7A, Fig.

/B, Fig. 8A and Fig. 8B, cell proliferation in the activated
lymphocyte administered group was high as compared to that in
the control group. This shows that the immune function of
neonatal calves was enhanced by the activated lymphocytes in
the present example. In addition, these cells were slowly
increased after the first vaccination, and further increased
after the second vaccination. This shows that the antigen
responsiveness of the cells was increased by the first
vaccination and responsiveness to the antigens was further
1ncreased at the second vaccination.

[0056]

Analysis of the expression levels of cytokine genes
Peripheral blood mononuclear cells (PBMC) were isolated

from heparin added blood using a density medium and mRNA was

extracted. By reference to a conventional method, cDNA was
synthesized using the extracted mRNA and real-time PCR was

carried out. [-Actin was used as an internal standard gene.

The real-time PCR was carried out by SYBR Green PCR Master Mix

(Applied Biosystems, CA, USA) using 7700 Sequence Detector

25



CA 02799516 2012-11-14

according to a reported method.
(00571

PCR conditions were in accordance with the operation
manual of Step One Plus™ Real-Time PCR System (Applied
Biosystem Japan). A sample was set to the system and the system
was performed at 50°C for 30 minutes and at 95°C for 15 minutes

once each, and a reaction cycle at 95°C for 15 minutes and at

60°C for 1 minute was repeated 45 times.

10058]

Target genes, and forward primers and reverse primers for

PCR were as shown in Table 2 below.

[0059]
[Table 21
Target Genes Forward Primers Reverse Primers
1L-4 TGCCCCAAAGAACACAACTG TTTAGCCTTTCCAAGAGGTC
1L-6 TGAAAGCAGCAAGGAGACAC FTGACATTTICCTGATTTICCC
[1.-12 AGGTCGTGGTAGAAGCTGTG CCTTGTGGCATGTGACTTTG
IFN-v AGCCCAGATGTAGCTAAGGG CTCCAGTTTCTCAGAGCTGC
B —actin CTTTTACAACGAGCTGCGTG CACGGTCCGTGAGGATCTTC
(00601}

The expression levels of cytokine genes were determined

using the Threshold Cycle (Ct value) of each amplified gene by

the formula: the expression level of cytokine gene = 2 (¢t value

of cytokine/Ct value of b-actin})

(0061]
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The results are shown in Fig. 9. Figs. 9A, B, C and D
are graphs showing the expression levels of IL-2 gene, IL-4 gene,

IL-6 gene and IFN-y gene, respectively. As can be seen from

Figs. 9A, B, C and D, about all cytokine genes, the expression
levels of cytokines in the activated lymphocyte administered
group were high as compared to those in the control group before
and after 3 days of the second vaccination, but the expression
levels of cytokines in the activated lymphocyte administered
group were low as compared to those 1n the control group after
o days. This shows that the immune function of neonatal calves
was enhanced by activated lymphocytes in the present example
at an early time.
(0062]

In the example described above, although an example of
a neonate and a real mother as allogeneic animals which are
nonautologous was used, an example of abirth by embryo transfer
Lo a cow other than a real mother was contained. The present
invention 1s effective for an allogeneic relationship which

does not have a mother child relationship.

Example 3
(0063]

In this example, activated lymphocytes derived from a
mother horse were obtained and an agent containing the activated

lymphocytes was administered to neonatal horses.

[0064]

Activated lymphocytes were prepared in the same manner
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as in Example 2 except that lymphocytes were collected using
peripheral blood derived from mother horses and the collected
lymphocytes were activated using IL-2 and an anti-horse

antibody. An agent contalining the activated lymphocytes was

administered to neonatal horses in the same manner as in Example
2. The neonatal horses were considered as an activated
lymphocyte administered group. Meanwhile, among neonatal
horses, a group to which activated lymphocytes were not
administered was considered as a control group. To remove
influence by intake of colostrum from mother horses,
commercially available powdered colostrum formulations were
provided for all neonatal horses after theirbirth. After that,
the first vaccination at two weeks old and the second
vaccination at 6 weeks old were carried out, and peripheral
plood was collected eight times in total, at 0, 3 and 7 days
old, 2 weeks old and after 3 days of that, o weeks old and after

3 days and 6 days of that. A fraction of leukocytes in the

peripheral blood was analyzed and the surface type of lymphocyte
was determined, and the expression levels of cytokine genes by

the PHA (phytohemagglutinin) stimulus were analyzed.

[0065]

The results showed that the number of T cells and the
number of NK cells in peripheral blood of the activated
lymphocyte administered group were increased as compared to
those of the control group from the third day to the seventh
day after vaccination, and further showed that the expression

levels of cytokine genes in the activated lymphocyte
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administered group were increased as compared to those in the
control group. This showed that the 1mmune function of neonatal
horses was enhanced at an early time like cattle by

administering activated lymphocytes derived from mother horses

to the neonatal horses.

Industrial Applicability
(0066]

The agent of the present invention and the method for
producing the same can be utilized in the pharmaceutical
industry as an immune function enhancing agent of animals, in
which antibodies and immune cells do not transfer from mother
to fetus through the placenta, and a therapeutic agent for weak
calf syndrome. 1In addition, a method for enhancing the immune

function of animals in the present invention can be used in the

veterinary field.

Sequence Listing Free Text

[0067]
SEQ ID NO:1: primer
SEQ ID NO:2: primer
SEQ ID NO:3: primer
SEQ ID NO:4: primer
SEQ ID NO:5: primer
SEQ ID NO:6: primer
SEQ ID NO:7: primer
SEQ ID NO:8: primer
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SEQ ID NO:9: primer

SEQ ID NO:10: primer
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Claims

1. An immune function enhancing agent for allogenelic animals,

wherein the agent comprises an activated lymphocytes derived

from tissue of a mammal other than human as an effective

ingredlent,
wherein the allogeneic animals are animals whose leukocyte

antigen is not identical to a leukocyte antigen of the

mammal from whilich the tissue derives, and
wherelin the mammal 1s an animal in which antibodies and immune

cells do not transfer from a mother to a fetus through

the placenta.

2. An agent in accordance with claim 1,

wherein the mammal 1s a cattle, a horse, a sheep, a goat, a pig

oY a panda.

3. An agent 1n accordance with claim 1 or 2,

wherein the activated lymphocytes are activated by either one

or both of 1nterleukin-2 and anti-CD3 antibody.

4. An agent 1n accordance with claim 1 or 2,

wherein the mammal 1s a cattle or a horse.

5. An agent 1in accordance with claim 1,
wherein the immune function enhancing agent is an agent for

treating weak syndromes of neonates of mammals.
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6. An agent 1n accordance with claim 5,

wherein the weak syndromes comprises the weak syndromes derived

from infections.

7. A method for producing an immune function enhancing agent
for allogenelc animals comprising steps of:

1solating lymphocytes from a mammal other than human;

obtailning activated lymphocytes by amplifying and activating
the 1soclated lymphocytes; and

producing the i1mmune function enhancing agent using the
activated lymphocytes,

wherein the allogenelic animals are mammals whose leukocyte
antigen 1s not identical to the leukocyte antigen of
the mammal from which the lymphocytes derive, and

wherelin the mammals are animals 1n which antibodies and immune
cells do not transfer from mother to fetus through the

placenta.

8. A method i1n accordance with claim 7,
whereln the mammals are cattle, horses, sheep, goats, pigs or

pandas.

9. A method in accordance with claim 7 or 8,

wherein the step of obtaining activated lymphocytes comprises

a process of cultivating activated lymphocytes in the

presence of either one or both of interleukin-2 and
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ant1-CD3 antibody.

10. A method 1n accordance with claim 7 or 8,

whereilin the mammal 1s a cattle,

whereln the step of obtaining activated lymphocytes comprises
a process of cultivating activated lymphocytes 1n the
presence of anti-CD3 antibody, and

wherein the anti-CD3 antibody 1s IgGl type antibody.

11. A method in accordance with claim 7 or 8,
whereln the 1mmune function enhancing agent for allogeneic
anlmals 1s a therapeutic agent of weak calf syndrome

to treat weak syndromes of allogenelc neonates.
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[Figure. 9]
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