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[57] ABSTRACT

Human antibodies are provided by collecting the
mononuclear cells from human blood, removing sup-
pressor T-cells and exposing the remaining lymphocyte
cells to an antigen, autologous serum of the human
patient and a nonspecific lymphocyte activator.
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PROCESS FOR PRODUCING HUMAN
ANTIBODIES

BACKGROUND OF THE INVENTION

This is a continuation of application Ser. No. 407,236
filed Aug. 11, 1982 now abandoned.

This invention relates to a process for producing
human antibodies utilizing human blood lymphocytes.

At the present time, antibodies are produced by in-
jecting an antigen into a non-human animal, bleeding
the animal and isolating the antibody from the blood
serum. The use of xenogenic (cross-species) antibodies
is of limited clinical value since there is an attendant risk
of anaphylaxis or other allergic reactions.

An alternative method available at the present time
involves the production of monoclonal antibodies from
hybridomas. In these processes, an antigen is injected
into a non-human animal followed by splenectomy. The
immunized B cells of the spleen then are fused with
myeloma cells. Unfortunately it is not possible to pro-
vide the technology used in the production of non-
human animal monoclonal antibodies to the formation
of human antibodies. Specifically, it is not feasible to
inject an antigen into a person and subsequently remove
their spleen for fusion with human myeloma cells. Fur-
thermore, even if lymphocyte cells could be obtained
from the patient in a safe manner, the type of anitgen
that could be introduced into the human is quite limited,
also due to safety reasons.

It would be highly desirable to provide a process for
producing human antibodies by utilizing human lym-
phocytes obtained in a manner which does not produce
a threat to the patient’s health. Furthermore, it would
be desirable to provide such a process wherein continu-
ous cell lines can be formed so that the human antibody
can be obtained continuously over a long period of
time.

SUMMARY OF THE INVENTION

In accordance with this invention, human blood lym-
phocytes capable of producing human antibodies are
produced. Human peripheral blood is collected from
the patient and is treated to recover mononuclear cells.
The suppressor T-cells then are removed and remaining
cells are suspended in a tissue culture medium to which
is added the antigen and autologous serum and, prefera-
bly, a nonspecific lymphocyte activator. The cells then
are incubated for a period of time so that they produce
the specific antibody desired. The cells then can be
fused to human myeloma cells to immortalize the cell
line, thereby to permit continuous production of anti-
body.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

In the process of this invention, blood is taken from a
patient not previously exposed to the antigen which
effects the production of the desired antibody. A por-
tion of the sample is utilized to provide a source of
autologous serum while the remainder of the sample is
mixed with an anticoagulant such as heparin, sodium
citrate, ethylenediaminetetraacetic acid, sodium oxalate
or the like. The blood-anticoagulant mixture then is
diluted in a physiologically acceptable solution such as
sodium chloride or phosphate buffer solution. It is
treated to recover the mononuclear cells by first layer-
ing the blood-anticoagulant composition in a centrifuga-
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tion separation medium such as Ficoll-Hypaque ob-
tained from Pharmacia Corporation of Lymphocyte
Separation Medium obtained from Litton Bionetics
Corporation. The resultant layered composition then is
centrifuged and the interface containing the
mononuclear cells is collected and washed.

The suppressor T-cells then are removed by contact-
ing the mononuclear cetls with an agent having a spe-
cific affinity for suppressor T-cells and not other T-cells
or B-cells. A particularly suitable composition for de-
pleting the mononuclear cells of suppressor T-cells is (1)
an H2 receptor antagonist such as cimetidine, either
linked or conjugated to a macromolecule such as human
albumin and (2) an antibody directed against an antigen
expressed on human suppressor T-cells such as OKTS,
(Ortho) or Leu-2A (Becton-Dickinson). Utilizing
human albumin linked to cimetidine provides the capa-
bility of removing only those cells bearing a histamine
H2 type receptor on their surface so that the non-adher-
ent cells are greatly enriched with B-cells. The
mononuclear cells depleted of suppressor T-cells are
suspended in a culture medium to which is added the
antigen and the autologous serum and which contains a
nonspecific lymphocyte activator.

Any antigen capable of eliciting the production of a
specific antibody can be utilized in the present inven-
tion, including antigens which produce antibodies to
drugs such as amphetamines or barbituates, antiviral
antibodies, antibodies to human hormones or the like.
The amount of antigen utilized will vary with the spe-
cific antigen and generally ranges between about 20 ug
and about 1000 ug and can be lesser or greater in certain
specific instances. It is to be understood that the amount
of the antigen to be utilized can easily be determined
through trial and error employing the techniques of this
invention merely by measuring the quantity of antibody
produced as a function of the amount of antigen uti-
lized.

It is necessary to utilize autologous serum rather than
serum obtained from another human or a non-human
animal in accordance with this invention. It is believed
that autologous serum will optimally activate the partic-
ular patient’s B-cells to produce the desired antibody.
The amount of autologous serum utilized can be be-
tween about 5 and about 25%.

In each culture medium, the concentration of
mononuclear cells can be varied between about 0.5 and
about 5.0X 106 cells/ml in order to obtain optimum
results with a concentration of about 2.0 106 cells/ml
being most preferred. Any standard tissue culture me-
dium can be utilized in the process of this invention
including RPMI 1640 available from M. A. Bio-
products.

Representative suitable nonspecific lymphocyte acti-
vators include phytohemagglutinin (PHA), pokeweed
mitogen (PWM), or a supernatant of a mixed lympho-
cyte culture (MLC) obtained by autologous cells
against irradiated allogeneic cells. The supernatant of
mixed lymphocyte culture contains, amongst many
lymphokines, a molecule known as allogeneic effect
factor (AEF). This mixed lymphocyte culture can be
utilized in the final culture medium in an amount of
between 10 and 509, preferably between about 25 and
339%. The culture can be used immediately or stored
frozen at —20° C. and then thawed for use. The dura-
tion that the mixed lymphocyte culture goes on prior to
collecting the supernatant is about 48 hours, preferably
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between about 48 and about 60 hours. The optimal
concentration of PHA and PWM can vary from lot to
lot and manufacturer to manufacturer. Therefore, all
that one needs to do is to test each lot and optimize each
batch of material prior to utilizing it in volume.

The mononuclear cells then are tested for antibody
production by any conventional means such as radioim-
munoassay or the standard enzyme-linked immunosorb-
ent assay (ELISA). In the ELISA, antigen first is ad-
sorbed onto a plate and then washed. The supernant
from the culture, which may or may not contain spe-
cific antibody, then is added to the plate and any spe-
cific antibody is attached to the antigen. The resultant
antigen-antibody complex then is washed and an en-
zyme-labeled anti-antibody is added to the plate and it
attaches to any antibody present. The resultant antigen-
antibody-anti-antibody then is washed and a substrate
for the enzyme is added. The amount of substrate de-
graded then is correlated to the amount of antibody
present by means of a previously established standard
curve. In the process for assaying for antibody pro-
duced by the present invention, it is convenient to de-
fine a positive test culture as one having a color change
tht is at least two standard deviations greater than the
mean of the control wells.

The lymphocyte cells producing antibody can be
immortalized by any conventional means such as by
exposure to Epstein-Barr virus or by fusion to myeloma
cells by the procedure of Kohler and Milstein.

The following example illustrates the present inven-
tion and is not intended to limit the same.

EXAMPLE I

This example illustrates the process of this invention
for producing human antibodies in vitro. The following
compositions were prepared:

Culture medium A
RPMI 1640 containing 7.5% fetal calf serum (v/v).

Culture medium B

RPMI 1640 medium (56.7% v/v).

Autologous serum (10% v/v) was obtained from a
previous venipuncture heat-inactivated at 56° C. for 30
minutes and stored at —20° C. until use. Supernatant
from a mixed lymphocyte culture (see below) (33.3%)
was produced. In addition, the culture medium B is
supplemented with: Hepes buffer 0.025M, glutamine
0.002M, penicillin (50 units/ml) and streptomycin (50
ug/mi).

Culture medium C

RPMI 1640 containing 95% (v/v medium), 5% autol-
ogous serum (v/v) and supplemented as in B above.

Production of Mixed Lymphocyte Culture Supernatant

1. Autologous peripheral blood mononuclear cells were
obtained as set forth above.

2. They are resuspended in culture medium C at 2X 106
cells/ml.

3. Allogeneic peripheral blood mononuclear cells were
obtained, resuspended at 10X 106 cells/ml in culture
medium C and irradiated with 3000 rad. Following
irradiation the allogeneic cells are diluted with cul-
ture medium B to a concentration of 2 X 106 cells/ml.

4 Responder (autologous to the immunization donor)
and stimulator (the allogeneic source) cell suspen-
sions are mixed 1:1 vol.
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5. The final cell suspension (23X 106 cells/ml composed
of 1X106 cells stimulator and 1X 106 cells/ml re-
sponder cells) was cultured for 48 hours at 37° C. in
a moist-air incubator containing 5% COs.

6. At 48 hours, the culture is centrifuged to pellet the
cells and the supernatant used immediately or frozen
at —20° C. until thawed and used.

The following represents the process used to immu-
nize primarily in vitro human cells against rabbit immu-
nogiobulin.

1. 100 cc of peripheral venous blood was collected in
preservative-free heparin from a healthy adult donor.

2. The blood was diluted 1:1 with normal saline and
layered on Lymphocyte Separation Medium (2:1
blood mixture to LSM), centrifuged at 800X g for 20
minutes at room temperature.

3. The interface cells were collected and washed X 2
with Hank’s Balanced Salt Solution.

4. The pellet was resuspended in culture medium A at
7% 106 cells/ml, layered onto a HAC-coated petri
dish and incubated at 37° C. for 60'. At that time, the
petri dish was swirled gently and the medium poured
off. The plate was washed X 1 by swirling gently with
10 ml of culture medium A and poured off. These two
pour-offs contain the histamine H2 receptor depleted
(suppressor T-cell) population. These cells were wa-
shed X 2 in HBSS and resuspended in culture medium
B to which was added rabbit immunoglobulin to a
final concentration of 800 ug/ml. This plate and tech-
nique for the depletion of histamine H2 receptor bear-
ing suppressor T-cells is the topic of another patent
application.

5. The cells were cultured at 37° C. in a moist-air incu-
bator with 5% CO; at a density of 1X 106 cells/ml.
6. After 7 days, the supernatants were screened for the
presence of anti-RIG antibody by standard ELISA
technique. The supernatants from these cultures were

positive in that they had reactivity that was at least 2

standard deviations greater than that found in the

supernatants from control wells (wells with antigen
and only 1 parameter).

We claim:

1. A process for producing a human antibody which
comprises collecting mononuclear cells depleted of
suppressor cells from the autologous blood of a human
patient not previously exposed to an antigen which
elicits and human antibody, adding to said mononuclear
cells an antigen capable of initiating the production of
said human antibody, adding to said mononuclear cells
autologous serum from said patient and incubating said
mononuclear cells, antigen and autologous serum in the
presence of a non-specific lymphocyte activator for a
period of time sufficient to effect the production of a
human antibody.

2. The process of claim 1 wherein said .activator is
phytohemagglutinin.

3. The process of claim 1 wherein said activator is
pokeweed mitogen.

4. The process of claim 1 wherein said activator is a
supernatant of a mixed lymphocyte culture containing
allogenic effect factor.

5. The process of any one of claims 1, 3 or 4 wherein
the cells producing desired antibody said mononuclear
cells are immortalized.

6. The process of any one of claims 1, 3 or 4 wherein
the cells producing desired antibody said mononuclear
cells are immortalized by being fused with myeloma

cells.
* * * * *
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