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1. A human momoclonal IgGl antibody which reacts with both

gpl120 and another glycoprotein which has a molecular weight
of 43,000 daltons (gp4l), both of whigh are structural
components of the envelope of HIV.

2. A human monoclonal IgGl antibody produced by a
hybridoma or a cell line derived therefrom having the

identifying characteristics of ATTC HB 9669.

4. A hybridoma or a cell line derived therefrom, which is
formed by fusion of non-Epstein-Barr virus transformed human
lymphocytes and mouse myeloma cells and produces a human
monoclonal antibody which belongs to the IgGl subclass and

binds to the surface of an HIV particle.
8. A method for producing a hybridoma according to claim

4, which comprises treating non-Epstein-Barr virus
transformed human lymphocytes obtained from an HIV

seropositive patient with complement and a mouse monoclonal
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antibody specific for human T-lymphocytes, and then fusing

said lymphocytes and mouse myeloma cells.
10. A method for producing a human IgGl monoclonal antibody

which binds to the surface of an HIV particle, comprising:

mixing non-Epstein-Barr virus transformed human
lymphocytes obtained from an HIV seropositive patient and
mouse myeloma cells in a ratio of 1:10 to 1:100 to form a
mixture;

adding to said mixture a cell fusion solution to result
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in a cell suspension;

stirring said cell suspension for from 1 to several
minutes at a temperature of from 259C to 37°C;

diluting and washing said cell suspension with said
cell fusion solution;

adding to said cell suspension HAT selective culture
solution to give a cell density of 1-5 % 105/m;

adding aliquots of said cell culture solution to a
plate containing wells;

culturing the cell suspension in said plate for from 3
to 4 weeks at from 359C to 38°C in humidified air
containing about 5% Cojy;

selecting wells containing cells producing antibodies
directed to HIV, and which have an IgGl subclass; and

cloning said cells producing antibodies directed to HIV

by the limiting dilution method to obtain stable subclones
producing a human monoclonal antibody which can bind to the

surface of an HIV particle.
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The present invention relates to human monoclonal
antibodies (abbreviated as MCAs hereinafter) specific
for human immunodeficiency virus (abbreviated as HIV
herein), and hybridomas which produce these MCAs. The
human MCAs of this invention are specific for HIV and
will be useful in the diagnosis, prevention and thérapy

of HIV infection.

HIV is a virus which primarily infects helper
T lymphocytes and ultimately destroys them, resulting
in extreme immunological failure known as AIDS
(acquired immunodeficiency syndrome). In the early
stages of HIV infection, some patients develop symptoms
which resemble those of infectious mononucleosis, i.e.,
fever, fatigue, headache, etc. Subsequen@ly,_althoUgh
the patient becomes aéymptomatic, he/she bécohééﬁa
carrier of anti-HIV antibodies in the blood. Then,
after a latent period lésting up to a number of years,

the patient develops AIDS-related complex (ARC). ARC




patients exhibit various symptoms such as systemic

pe—

swelling of lymph nodes, fever, general fatigue, weight
loss, decreased platelet and lymphocyte levels, etc.
As the disease progresses, the patient becomes

5 susceptible to and often develops Kaposi's sarcoma and

various opportunistic infections such as Pneumocystis

carinii pneumonia, fungal infections, cytomegalovirus
infection, etc., which end in deaﬁh. The most striking
characteristics of AIDS are the decrease in helper

10 T lymphocytes (TR), and a steady decrease in the ratio

$ Lt of T4 to suppressor T lymphocytes (T8), i.e., T4/T8, as

. the disease progresses.
AIDS was first reported in the United States of
America in 1981, and it has been estimated that today
there are more than 20,000 AIDS patients in the USA
alone. At least around 50,000 peqple have died of the
disease as of March, 1988. <Carriers of the virus have
rason been estimated to number one million persons in the
vacesa USA. In addition to the USA, there are aiso many AIDS
20. viectims in Africa and Europe, and there is a huge

amount of research being carried out today to develop

e e D e - ) o
. . LY
« 2 & 3 . 5 s .
. . e ¢« + ¥ ey
» x & » v ean
e s s e N . . o
. . sae .

‘methods for the diagnosis, prevention and treatment of
AIDS.

HIV, the causative agent of AIDS, is a
25 retrovirus. This virus has been shown to be composed

of RNA consisting of about 9,700 base pairs, three gag
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proteins (having molecular weights of 55,000, 24,000
and 17,000 daltons), a reverse transcriptase (molecular
weights of 66,000 and 51,000 daltons have been
detected), three glycoproteins (two molecules having
molecular weights of 120,000 and 41,000 daltons, and
their precursor, a molecule with a molecular weight of
160,000 daltons; these glycoproteins are hereinafter
abbreviated as gpl20, gp4l and gpl60) which comprise
the viral envelope, and other components. Especially
from the viewpoints of viral infection and its
prevention, the envelope, which is exposed on the
surface of HIV, carries particular importance. As'a
result of proteolysis, gpl&0 is cleaved into gpl20 and
gp4l. As shown in Figure 1, gp4l is a transmembrane
protein which is incorporated into the lipid bilayer of
the viral envelope, while gpl20 is exposed on the
outside of the envelope and some of it is released from
the virus. Both gp4l and gpl20 possess many sugar-
binding sites, and about half of the gpl20 molecule is
comprised of sugars. The gpl20 melecule binds to, or
near to, the CD4 antigens which exist on the cell
surface of helper T cells, etc., and in addition to
bringing about infection of the.cells by the virus,
gpl20 possesses activity which results in syncytium
formation in the cells. gpl20 is described in greater
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In light of the above background information
regarding HIV and AIDS, it is clear that antibodies

specific for the envelope of the virus, which plays ¢

such an important role in the establishment of the
5 viral infection, have great significance in the
prevention of the infection.
M. Robert-Guroff et al. (J. Immunol. 138: 3731,
1987) reported that the progression of the disease was
slower in patients whose blood contained viral-
10e. neutralizing antibodies in comparisoq with patients not
R having such antibodies. 1In addition, it has been

reported that the neutralizing antibodies in the blood

" of AIDS patients bind to gpl20 (L. A. Lasky et al.:
e Science 233: 209, 186; and T. J. Mathew et al.: Pro.
15 Natl. Acad. Sci. USA 83: 9709, 1986). In light of |
I these findings, it is clear that antibodies specific
’:f:‘ for gpl20 must play an important role in the prevention
eeveal of infection by HIV.
# .:“.g . A number of research groups have already reported
20 , successful development of a mouse MCA specific for

gpl20. For example, T. C. Chanh et al. (Eur. J.

L Immunol. 16: 1465, 1986) reported that they chemically
synthesized a portion of the peptide chain of gpl20 and
then prepared an MCA specific for that synthetic

25 peptide. They employed that MCA in the indirect

fluorescent antibody technique and reported that they
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were able to detect HIV infection with greater
sensitivity than was possible with the reverse
transcriptase determination technique. In addition,
Gosting et al. (J. Clin. Microbiol.: 25, 845, 1987)
reported that they solubilized HIV viral antigens,
adsorbed them to a column of lentil lectin-Sepharose
4B, collected the glycoprotein fraction thereof and
used it to immunize mice, and sucﬁeeded in producing
anti-gpl20 mouse MCA and an anti-gp4l mouse MCA.
Matsushita et al. (Medical Immunol. 14: 307, 1987)
also reported achieving viral neutralization with an
anti-gpl20 mouse MCA. These MCAs are useful in thé
diagnosis of HIV infection. However, unfortunately,

they are unsuited for the tasks of prevention of HIV

an

infection and treatment of established disease (ARC and

AIDS), since these MCAs are mouse proteins, and
therefore they are recognized as foreign by the human

immune system if they are administered to the human

body. As a result, not only would the MCA activity be

inhibited by the anti-mouse MCA antibodies that would

be produced by the human immune system, but

anaphylactic side effects would also occur. Therefore,

it is clear that for the prevention and treatment of

HIV infection in man, it is necessary to develop an MCA

of human origin, rather than an MCA of mouse origin.
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In general, human-origin anti-HIV MCAs can be
produced by (1) hybridomas obtained by fusion of human

B lymphocytes having the ability to produce antibodies

specific for HIV and cells of éstablished lymphoid cell
5 lines such as myeloma cells, and (2) lymphoblastoid
cells obtained by Epstein-Barr (EB) virus-induced

transformation of human B lymphocytes having the

ability to produce antibodies specific for HIV. From
about 1980 up to the present time, much research has
. 30 been carried out on the production of human MCAs, but

€« o8

none of those efforts have led to an established method
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E’;:, such as in the case of mouse MCAs because each of Ehe
T approaches descrived above nas its own special
*:",E problems.

15 In 1987, there were two reports concerning human
e MCAs specific for HIV. One was by L. Evans et al.
':2:‘ (Proceedings of the Third Congress on AIDS, TP130,
eaeeat 1987). Evans et al. employed EB virus to transform
.o wed lymphocytes from HIV—ihfected patients and obtained a

20 human MCA which reacted with gag proteins having

molecular weights of 55, 41 and 25 kilodaltons. That

g

& human MCA belonged to the IgG4 subelass, and it did not
g neutralize HIV. The second report was by B. Banapour
et al. (ibid, TP114). Banapour et al. also employed EB
25 virus to transform lymphocytes from anti-HIV antibody-

positive subjects, fused the transformed cells with
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heteromyeloma cells, and obtained a human MCA which
reacted with gp4l. This MCA was IgG, but the subclass
was not reported. This MCA also did not show HIV-
neutralizing activity. Thus, in both of those reports,
transformation by EB virus was employed. This
technique, because it is very efficient at achieving
immortalization of human B lymphocytes, is far superior
to the cell fusion method. Nevertheless, the obtained
lymphoblastoid cell lines produce EB virus, or even if
they do not produce the virus particles, they contain
the EB viral DNA which carries the potential for
production of the virus. EB virus has the ability to
transform lymphocytes, which means that this virus has
tumorigenicity. Therefore, there is worry concerning
the safety of using this EB virus transformation
technique to produce a drug prodqct for administration
to humans.

It is known that lymphoblastoid cells resulting
from transformation of lymphocytes by EB virus can be
further infectéd by HIV, and thus, there is a fear that
a cell line producing a human MCA might be infected by
both EB virus and HIV. In addition, antibody
production by lymphoblastoid cell lines presents some
disadvantages in view of the facts that it is usually
lower and also less stable than the level of production

by hybridomas. The reason that Banapour et al.
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performed additional cell fusion of lymphoblastoid cell
lines was to attempt to improve the antibody producing
ability of those cell lines.

Accordingly, as seen above, if the immortalization
of human B lymphocytes could be achieved with greater
efficiency by cell fusion and if a hybridoma having the
ability to produce a human MCA specific for HIV could
be obtained,; then the resultant hybridoma would be very
desirable on the basis of its having high productivity
of an MCA which would moreover be safe for use as a
drug.

However, both of the two above-mentioned human
MCAs obtained by Evans et al. and Banapour et al. aie
specific for gag proteins and gp4l. The gag proteins
are located inside the viral particles, and are not
exposed on the wviral surface. In‘the case of HIV~
infected cells, as well, those proteins are located
inside the cell, not on the surface. Accordingly, MCAs
which are specific for gag proteins will be able to
bind to gag proteins shed by viral particles or
released from ruptured viral @értidles, but they will
not be able to bind to intact viral particles or
infected cells. For this reason, it is not expected
that such MCAs will provide any protective effect
against infection by the virus. Similarly, gp4l is

located relatively close to the surface of viral
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particles and infected cells, but it is a transmembrane
protein which is embedded in the surface membrane and
it is thus difficult for MCAs to bind to gp4l.

Therefore, for the purpose of preventing infection
of cells by HIV, it is clear that the most suitable
type of human MCA would be one which is specific for
gpl20, a glycoprotein which is exposed on the surface
membrane of the viral particles, has activity in
binding to the host cells and is expressed on the
surface of infected cells.

In addition, with regard to the subclass which
would be the most desirable for human MCAs, it is
evident that it would be advantageous for the antibody
to be of a subclass which possesses the ability to
activate complement and the ability to bind to the Fc
receptors on macrophages and lymphocytes. It has been
demonstrated that activation of complement by the
classical pathway can be achieved by the IgGl and IgG3
subclasses, whereas IgG2 and IgG4 cannot achieve this
activation (J. L. Winkelhake: Immunochem. 15: 695,
1978). Furthermore, it has also been shown that the
IgGl and IgG3 subclasses have a strong affinity for the
Fc receptors of monocytes (Cosio et al.: Immunol.

44: 773, 1981). Thefefore, t6 prevent infection of
cells, it is clear that the IgGl and IgG3 subclasses

are desirable.
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However, another consideration is that of purification
of the human MCA. Affinity chromatography using protein A is
known to be effective for the purification of MCAs, and since
IgGl binds to protein A, whereas IgG3 does not, it is clear
that the IgGl subclass of human MCAs are the most desirable
subclass from the viewpoint of ease of purification.

According to the present invention there is provided a
human monoclonal IgGl antibody which reacts with both gp120
and another glycoprotein which has a molecular weight of
41,000 daltons (gp4l), both of which are structural
components of the envelope of HIV.

According to a further aspect of the invention there is
provided a human moneclonal IgGl antibody produced by a
hybridoma or a cell line derived therefrom having the
identifying characteristics of ATTC HB 9669.

According to a further aspect of the invention there is
provided a human moneclonal IgGl antibedy produced by a
hybridoma or a cell line derived therefrom having the
identifying characteristics of ATTC HB 9670.

According to a further aspect of the invention there is
provided a hybridoma or a cell line derived therefrom, which
is formed by fusion of non-Epstein-Barr virus transformed
human lymphocytes and mouse myeloma cells and produces a
human monoclonal antibody which belongs to the IgGl subclass
and binds to the surface of an HIV particle.

According to a further aspect of the invention there is

provided a method for producing a human IgGl monoclonal
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antibody which binds to the surface of an HIV particle,
comprising:

mixing non-Epstein-Barr virus transformed human
lymphocytes obtained from an HIV seropositive patient and
mouse myeloma cells in a ratio of 1:10 to 1:100 to form a
mixture;

adding to said mixture a cell fusion solution tq result
in a cell suspension;

stirring said cell suspension for from 1 to several
minutes at a temperature of from 25°C to 37°C;

diluting and washing said cell suspension with said
cell fusion sclution;

adding to said cell suspension HAT selective culture
solution to give a cell density of 1-5 x 109 /m;

adding aliquots of said cell culture solution to a
plate containing wells;

culturing the cell suspension in said plate for from 3
to 4 weeks at from 35°C to 38°C in humidified air
containing about 5% Coy;

selecting wells containing cells producing antibodies
directed to HIV, and which have an IgGl subclass; and

cloning sai? cells producing antibodies directed to HIV
by the limiting dilution method to obtain stable subclones
producing a human monoclonal antibody which can bind to the
surface of an HIV particle.

Figure 1 shows a schematic cross-sectional view of an

S (MIV viral particle.
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Figure 2 shows the results of Western blot analysis of
two of the MCAs of the present invention.
As a result of carrying out vigorous research aimed at
obtaining an anti-HIV human MCA and employing a method

5 involving fusion of mouse myeloma cells and lymphocytes from

the lymph nodes of HIV-seropositive
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donors, the present inventors succeeded in obtaining a
hybridoma which produces a human MCA (IgGl subclass)
specific for gpl20 and a hybridoma which produces a
human MCA (IgGl subclass) reactipg with both gpl20 and
gp4l. They also succeeded in culturing the hybridomas
and/or cell lines originating from the hybridomas and
were able to collect the anti-HIV human MCAs from the
supernatants of the cell cultures.

That is, the present invention is directed to
human monoclonal antibodies which are specific for HIV
and belong to the IgGl subclass, specifically an IgGl
antibody which binds with gpl20 of HIV, and also an
IgGL. antibody which binds with both gpl20 and gp4l of
HIV. 1In addition, this invention is directed to
hybridomas which produce such human monoclonal
antibodies, which are formed by fusion between human
lymphocytes and mouse myeloma CEIiSa Two such
hybridomas were depesited at the ATCC on March 25, 1988 {
and have been assigned the accession numbers HB9670 and
HB9669.

Another aspect of this invention is the method by
which the inventors succeeded in efficiently forming
the above described hybridomas. In this method, human
lymphocytes were first treated with complement and an
anti-human T-lymphocyte mouse MCA and then the treated
human lymphocytes were subjected to fusion with mouse
myeloma ¢ells. Other details of this process are

discussed hereinbelow.

TR e oty

o b ) AR~

*GE e




10

. e
o e
L] LX)
RN
. .
* e »
seer
madre
%P *

'15 .

[ »e

. s
»

. e

. e

s »e

“oesos
L] -

.2.0‘,.:
L4

Pwnddae
» »

25

-13-

The human lymphocyfes employed in the method of
this invention can be obtained from the spleen, lymph
nodes, peripheral blood, bone marrow, tonsils,
adenoids, etc., of HIV seropositive donors. It is
preferred that the lymphocytes be obtained from the
lymph nodes, spleen or tonsils of HIV seropositive
donors or patients with lymphadenopathy.

As the mouse myeloma cells, it is advantageous to
employ a cell line which is resistant to 8-azaguanine,
and the following are some of the publicly-known cell
lines from BALB/c mice: P3x65Aqg8, P3-NSl/1-Ag4-1,
P3x63AgUl, SP2/0Agl4, P3x63Ag8.6.5.3, MPCl1-45.6.TGl.7
and SP-1. A preferred mouse myeloma cell line is
P3x63AgUl. It is described in U.S. Patent 4,363,799,
which is incorporated herein by reference.

In the method of this invention, prior to the
fusion of the human lymphocytes and the mouse myeloma
cells, it is preferable to first treat the human
lymphocytes with complement and an anti-human
T-lymphocyte mouse! MCA (e.g., OKT3, a product of Qrtho
Diagnostics Co., Ltd.} so as to eliminate the human
T~lymphocytes. In the actual performance of the method
of this invention, for example, a fixed lymphatic
tigssue is surgically excised from a seropositive human
donor and geditly dissected with scissors and a scalpel
to obtain a liquid containing suspended cells. This

suspension is then layered onto a Ficoll-Paque®
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solution, and the lymphocytes are separated and
harvested by centrifugation. Then, the lymphocytes are
treated with 0.5 ml of fresh serum as the source of
complement and 1.0 ml of an anti-human T-lymphocyte
mouse MCA to destroy the T-lymphocytes. The efficiency
of hybridoma formation is increased by this procedure.
The thus-obtained human lymphocytes are then fused
with mouse myeloma cells. The general conditions for
cell fusion and culture of hybridomas are already
known, but the inventors nevertheless carried out
vigorous research to determine the specific
combinations which enhance formation and propagatién of
hybridomas. As a result, the inventors were able to
achieve formation of one hybridoma for every‘lo4
lymphocytes treated by the method of this invention.
The preferred conditions were determined to be as
follows. For example, lymphocytes and mouse myeloma
cells are mixed at a ratio of 10:il to l:iOO, preferably
1:1 to 1:10. A suitable solution for cell fusion, such
as RPMI 1640 containing ca. 35% (e.g., 25-45%)
polyethyleneglycol (molecular weight: about 1,000-
6,000) and ca. 7.5% (e.g., 5-10%) dimethylsulfoxide is
added. The resulting cell suspension is stirred for
one to several (e.g., 10-30) minutes at a temperature

in the ambient (25°C) to 37°C range, and then the

"
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suspension is gradually diluted and washed with RPMI
1640 containing 10% fetal calf serum (FCS). Finally,
the suspension is further diluted with HAT
(hypoxanthiﬁe-aminopterin-thymidine) selective culture
solution to give a cell density of 1-5 x 10°/ml. Mouse
peritoneal exudate cells are added to a 96-well plate
as a feeder layer, and the culture solution is removed
immediately before the fused cells are introduced by
dispensing 0.2 ml aliquots of the suspension into the
wells of the plate. These are then cultured for 3-4
weeks at 35-38°C in humidified air containing about 5%
CO, (e.g., 2-7% CO,). Only hybridoma cells are preéent
in the HAT culture solution, since the 8-azaguanine-
resistant myeloma cells and cells arising from fusion
of myeloma cells cannot survive in the HAT solution
(unfused antibody-producing cells die within a few
days) s |

After culturing the hybridomas in the 96-well
plates, the antibody titer of the culture fluid of each
well containing cells is determined by the enzyme-
linked immunosorbent assay (ELISA) technique, and only
hybridomas which produce the desired antibodies are
selected. Cells of each selected hybridoma are
collected, cloning is performed by the limiting
dilution method, and subclones which stably produce an

MCA are established. Then the hybridomas are further
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investigated by analyzing the antigens recognized by
the MCAs they produce by a Western blot analysis
technique, and investigating the ability of the
produced MCAs to bind to the surface of HIV-infected
cells. Hybridomas which produce an MCA which binds to
gpl20 and which can bind to the surface of infected
cells are finally selected.

The mouse-~human hybridomas which were obtained by
the method of this invention as described above and
which produce anti-HIV human MCAs can be preserved by
freezing. If these hybridoma cell lines and/or cell
lines derived from them are cultured on a large scéle
by an appropriate meinhod, it is possible to obtain from
the culture supernatant.human MCAs of the present
invention. In addition, if these hybridomas are
transplanted into animals to form tumors, the produced
human MCAs can be obtained from the ascites or the
serum of the animals.

Two of the anti-HIV human MCAs which have been
obtained by the methods described above and which have
been deposited at the ATCC, have the following
characteristics:

(1) In ELISA using fixed viral antigens obtained
from HIV-infected cells, the MCAs were positive for
binding, but they were negative for binding in an ELISA
using plastic coated with substances obtained from

uninfected cells by the same technique.
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(2) Since HIV is composed of many antigenic
substances, a Western blot analysis technique was
applied to determine the nature of the structural
components.to which the human MCAs obtained in this
invention bind. It was thus found that one of the
human MCAs binds to a molecule having a molecular
weight of 120 kilodaltons (120 Kd) and to a molecule
having a molecular weight of 160 Kd (160 Kd is” the
precursor of 120 Kd and 41 Kd molecules). The second
MCA was found to bind to molecules having molecular
weights of 41 Kd, 120 Kd and 160 Kd.

(3) The MCAs were investigated to determine
whether or not they bind to the surface ¢f HIV-infected
cells. After the human MCA was reacted with unfixed
HIV-infected cells, fluorescein-labeled antibody to
human IgG was allowed to react, and strong fluorescence
was observed on the surface of the infected cells.
Therefore, it was determined that both the human MCaAs
of this invention bind to the surface of infected
cells.

(4) Human IgG is known to have four subclasses,
I1gGl, IgG2, IgG3 and IgG4, with each subclass having
its own characteristic biological activities. The
subclass of each of the two specific anti-HIV human
MCAs described herein was thus investigated using a

specific animal antiserum, and it was found that both
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of the MCAs described herein belong to the IgGl

o

subclass.

Although only two specific hybridomas have been

.

deposited in connection with the present invention, it
5 will be appreciated that by following the above
described methods, as illustrated in the examples
hereinbelow, one of ordinary skill in the art could
obtain additional IgGl subclass human monoclonal

antibodies with HIV neutralizing ability. To fall

10 within the scope of the present invention, these

LT monoclonal antibodies will be both of the IgGl

:.ﬁ: subclass, and will recognize and bind to one or mofe of

RN the viral envelope proteins of HIV. These proteins

‘:E;: include gpl20, gpl60 and gpd4l, which are described

Ts | hereinabove. |
‘f‘:‘ Examples |

et Example 1 \
“:”‘E A. Cell Fusion

TeTths 1. Collection of Lymphocytes

0204435 A lymph node which was surgically excised from

an ARC patient was finely minced using scissors and

scalpel. Cells obtained therefrom were suspended in
medium A (RPMI 1640 containing 10% fetal calf serum
(FCS), 2 mM glutamine, 1 mM sodium pyruvate, 20 ug/ml

; 25 L-serine, 0.05 u/ml human insulin and 80 ug/ml
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gentamicin sulfate). This cell suspension was layered
onto a Ficoll-Paque® solution and centrifuged at
1,500 rpm for 20 min. The cells which collected on the
top of the Ficoll-Paque® were harvested, centrifugally
washed once with phosphate-buffered saline (PBS) and
twice with RPMI 1640. Finally, the cells were
resuspended in RPMI 1640 to a concentration of 1 x 107
cells/mi.
2. Treatment of Lymphocytes

To reduce the amount of cell fusion that would
take place with T lymphocytes, the T lymphocytes in the
lymphocyte suspension were eliminated. That is, OKT3
(Ortho Diagnosiics Co., Ltd.) was added to the above-
mentioned cell suspension to give a final 200-fold
dilution. After reacting this at 4°C for 60 min, the
cells were precipitated by centrifugation (1,500 rpm
for 5 min). Next, baby rabbit‘coﬁplement‘was diluted
3-fold (with RPMI 1640) and added to the cell pellet to
suspend it; this was then reacted at 37°C for 60 min.

Then this cell suspension was twice subjected to

- e § -

centrifugal washing,
3. Celi'Fusion :
The OKT3-treated lymphocytes and untreated
lymphocytes were each mixed with mouse myeloma P3U1
cells (both cell populations were 3 x 107 cells) in

RPMI 1640 medium. These cell mixtures were then
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precipitated by centrifugation (1,600 rpm, 5 min). The
supernatant was discarded, and the cell pellet was
broken up by tapping the tube. Then 1 ml of
polyethylene glycol solution (35% v/v polyethylene
glycol No. 1000 and 7.5% v/v dimethylsulfoxide in RPMI
1640) was slowly added to the tube, and this was
allowed to stand for one min at room temperature.

Next, 2 ml of RPMI 1640 was added, and the mixture was
allowed to stand for one min; another 2 ml of RPMI 1640
was added, and the mixture was allowed to stand for an
additional 2 min. Then 4 ml of HAT medium (95 uM
hypoxanthine, 0.4 uM aminopterin and 16 yM thymidine in
medium A) was added, and the mixture was aiiowed to
stand for 2 min; another 8 ml of HAT medium was added
and it was allowed to stand for 2 min; an additional

24 ml of HAT medium was added and it was allowed to
stand at 37°C for 30 min. Finally, the total volume
was made up to between 75 and 150 ml by'the‘addition of
HAT medium. A -

Aliquots of approximately 200 ul were seeded into
the wells of a 96-well flat culture plate. This
culture plate had been pretreated by seeding ICR mouse
(male) peritoneal exudate cells at 2 x 104 cells/well;
immediately prior to the seeding of the fused cells,
the culture fluid was removed from the wells. This

culture plate was then incubated at 37°C in a Co,
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incubator. Once per week, half of the culture medium

f—

in each well was replaced by HT medium (HAT medium from
which aminopterin had been left out), and the
incubation was continued until hybridoma colonies
5 became apparent.
4. Cloning
At the time when hybridoma colonies became

apparent, each of the culture fluids was tested for the

presence of antibody activity towards HIV. The

10 hybridomas of colonies which were found to be producing
Q':; HIV-specific antibodies were then cloned. First,

S 96-well flat plates were seeded with only mouse

;E'i peritoneal exudate cells at 2 x 104 cells/well. Then,

. at various times from one hr to one day after the
15 seeding, the culture medium was removed and the
hybridomas were seeded into 48 wells each at

. ' 10 cells/well. For the first cloning, HT medium was

employed, while medium A was used for the second

. cloning. After 2-3 weeks of culture, the antibody
.Eb : activity was determined, and positive clones were
PERRY: collected. o ) )
& 3 B. ELISA (Enzyme-Linked Immunosorbernt Assay)
#

1. Viral Antigens

a. HTLV-III (human lymphotropic virus type
25
III) antigen (Bionetics Laboratory Products Co., Ltd.)

)!
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b. CR10/NIT Antigens

CR10/NIT is a cell line which was
established by creating a persistent infection of CEM
cells with the NIT strain of HIV.. The viral antigens
were partially purified from this CR10 cell line. 1In
brief, CR10/NIT cells were washed 3 times with PBS and
then frozen at -70°C. At the time of use, the frozen
cells were thawed, and 108 cells were suspended in 9 ml
of distilled water; this cell suspension was vigorously
agitated for one min using a Vortex blender. This was
then centrifuged for 10 min at 2,800 rpm, and the
supernatant was collected. One ml of 10-fold
concentrated PBS was next added to the supernatant,
centrifugation was performed at 15,000 x g for 30 min,
and the pellet was collected. The pellet was
resuspended in 5 ml of PBS, sonicated 4 times for
15 sec each while chilling in ice‘and allowed to stand
for a further 30 minutes while chilling in ice; the
supernatant was then collected. The supernatant was
subjected to ultracentrifugation at 100,000 x g for one
hr, and the supernatant was éﬁﬁloyea as the viral
antigen preparation. As the negative control, an
antigen preparation was obtained by treating CEM cells

(uninfected by HIV) in the same manner.
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2. Antigen-Coated Plates
HTLV-III antigen (1 ug/ml), CR10/NIT (20-
25 ug/ml) and CEM antigens (20-25 ug/ml) were each
dispensed in aliquots of 50 ug to the wells of separate
microtiter plates (Coster, No. 3912), and the plates
were then allowed to stand at 37°C for 60 min. The
plates were then washed twice with HBSS-BSA (Hank's
balanced salt sclution, 0.5% bovine serum albumin and
0.1% NaN;), PBS (Ca2+, M92+) containing 3% BSA was
dispensed at 125 uyl/well, and the plates were allowed
to stand at 37°C for 60 min and then at 4°C overnight
to carry out blocking.
3. ELISA
The antigen-coated plates were washed twice

with HBSS-BSA, and then 50 ul of each of the heated
(56°C for 60 min) hybridoma culture fluids was added. !
After letting these react at rooﬁ temperature for

60 min, the plates were again washed twice with
HBéS*BSA. Then 50 ul of alkaline phosphatase-
conjugated goat antibody to human IgG (diluted 1000 x;
-Tago Inc.), and reaction was'ééain?allowea to take
place at room temperature for 60 min before the plates

f 4
were washed 4 times with HBSS-BSA. Next, 100 pl of

0.05 M carbonate buffer containing 1 mg/ml
25 p-nitrophenylphosphate and 1 mM MgCl,, pH 9.5, was

added to each well, and the plates were reacted at room
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temperature for 60 minutes or overnight. Finally, the
optical density was measured at 495 nm using an ELISA

Reader (Titertech Inc.).

C. Results
1. Lymph node cells from Patient A were compared

with and without OKT3 treatment.

Table 1

Generation of Hybridomas Producing
IgG Antibodies to HIV*

Number of Anti—HIV IgG-Positive Wells

Treatment high O.D.** medium 0.D. low O.D.
- OKT3 3 2 1
+ OKT3 6 5 6

*: Indicates wells containing hybridomas which produce
IgG that reacts with CR10/NIT antigens but not with
negative control (CEM antigens).

#%: "High" means that the optical density at 495 nm was

larger than 1.0, while "medium" indicates 0.4-1.0
range and "low" represents 0.2-0.3 range.
Therefore, more hybridomas producing IgG antibodies
to HIV were generated in the case of the
lymphocytes which were treated with complement and
anti-lymphocyte antibody.

2. As reported above, hybridomas were obtained by
fusion of mouse myeloma cells with OKT3-treated

lymphocytes from the lymph nodes of patients with ARC,
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the hybridomas were cloned, and the inventors
successfully established hybridomas No. 86 and No. 1,
which stably produce MCAs. In ELISA, the MCAs produced
by hybridomas No. 86 and No. 1 reacted with HTLV-III
antigen and CR10/NIT antigens but not with CEM
antigens. The MCA production rates were 10 ug/lO6
cells/éay in the case of No. 86, and 20 ug/lo6

cells/day in the case of No. 1.

Example 2
A. Purification of MCAs

The culture fluids (1.5-2 liters) of hybridomés
No. 36 and No. 1 were used as the starting materials.
Ammonium sulfate was added to the culture fluids to 50%
saturation, and the resultant precipitates were
collected by centrifugation at 10,000 rpm for 30 min.
The precipitates were then dissolQediin a suitable
volume of PBS; followed by dialysis against PBS. The
dialyzed solution was next applied to a protein
A-Sepharose column bed (bed volume: 6 ml; Pharmacia
AB). The column was waéhed with saline, and then the
IgG was eluted with HCl in saline (pH 2.5). The IgG
eluted in this manner was confirmed to be pure by
sodium dedecyl sulfate-polyacgylamide gel

electrophoresis (SDS-PAGE).
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B. Identification of IgG Subclasses of MCAs

1. Heavy Chains f

The purified MCA solutions were reacted with

~

sheep antisera to human IgGl, IgG2, IgG3 and IgG4

5 (Serotec Inc.). The subclass of each MCA was
identified on the basis of which antisera resulted in
formation of an immunoprecipitation ring. It was thus
found that both No. 86 and No. 1 MCAs reacted only with

the anti-IgGl and did not react with the other three

10 antisera. Therefore, both of these anti-HIV MCAs were
‘:{:ﬂ identified to be IgGl.

L 2. Light Chains

s A microtiter plate was coated with goat

antibody to human IgG (Tago Inc.). Each of the

15 purified MCAs was then reacted with this anti-human
IgG-coated plate. Next, in accordance with the method
. ee for ELISA described above in~section B. of Example 1,

alkaline phosphatase-conjugated goat antibodies to \

‘g REE human lambda chain and to kappa chain (Tagoe Inc.) were
;g‘.: employed and the type of each MCA was identified. As a
o;-u} result, No. 86 MCA was shown to have a kappa chain,

while No. 1 MCA was found to have a lambda chain.

C. Viral Antigens Recognized by the MCAs
The Western blot method (Bio Rad Immunoblot Assay;

35 Bio Rad Inc.) was employed to identify which viral
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antigens were recognized by MCAs No. 86 and No. 1. MCA
No. 1 has also been referred to as MCA 1.2 by the
inventors; thus, MCA 1 and MCA 1.2 refer to the same
cell line. The procedures of the assay technique are
briefly described as follows.

The HTLV-III strain of HIV was applied to SDS-
PAGE, the separated viral antigens were blotted on
nitrocellulose strips, and each of the semi-purified
MCAs was reacted thereon. Next, peroxidase-conjugated
antibody to human IgG was reacted with the strips, and
finally, to develop color, an enzyme substrate was
reacted with the strips. The results are shown in
Figure 2. In the figure, A is serum from an ATDS
patient, B is serum from & normal human, C is subclone
1 of No. 86, D is subclone 2 of No. 86, and G is the
clone of No. 1.

MCA No. 86 reacted strongly with gp4l, and reacted
weakly with gpl20. As the reason for reacting with
both gp4l and gpl20, it was possible that MCA No 86 was
a mixture of one MCA which reacted with gp4l and
another MCA which reacted with gpl20. To investigate
this possibility, the hybridoma producing MCA No. 86
was again cloned, yielding subclones 1, 2, 3 and 4, and
the MCA produced by each of those subclones was also
subjected to the Western blot assay. Again, as can be
seen in Figure 2, the MCA from each of the 4 subclones

of hybridoma No. 86 reacted with both gp4l and gpl20.

.
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This finding suggests that MCA No. 86 either recognizes
an antigenic epitope which is present on both gp4l and

gpl20, or is an antibody directed at the cleavage site

N AN L

of gp4l and gpl20. MCA No. 86 also reacted with gpléo0,
and the reason for this is that this antigen is a
glycoprotein constructed from gp4l and gpl20.

MCA No. 1 reacted with gpl20. It, of course, also

reacted with gpl60, which is the precursor of gpl20.

D. Binding to the Surface of HIV-Infected Cells

The ability of MCAs No. 86 and No. 1 to bind to
the surface of HIV-infected cells was investigated by
the indirect fluorescent antibody technique.

C~-3 cells (an HTLV-III transformed cell line),

5 x 10® cells, were mixed with 2.5 x 106 TCIDgq of
HTLV-IITIb, and this mixture was incubated at 37°C for {
2 hr to permit infection to proceed:. These cells were
then cultured for 3 days in RPMI 1640 medium containing
20% FCS, following which the cells were washed 3 times
at 4°C with PBS containing 0.1% NaN;. As the negative
control, C-3 cells which were not infected with HIV
were employed.

These unfixed cells were dispensed into conical
tubes to give 2 x los‘cells/tube; and centrifugation
was performed at 1,500 rpm for 5 min. The supernatant
was discarded; and the cell pellet was suspended in
50 ul of 0.1% NaN;~-HBSS. This suspension was reacted

at 4°C for 60 min, and then the cells were washed
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3 times with 0.1% NaN;-lmM EDTA-PBS. Each cell pellet

was suspended in 100 pl of fluorescein isothiocyanate-

labeled antibody to human IgG (50x dilution; Tago
Inc.), followed by reaction at 4°C for 60 min.

The cells treated as above were next analyzed by
flow cytometry (FAC Scan; Becton Dickinson Co.).
Binding was investigated for the following
combinations: HTLV-IIIb-infected C-3 cells and serum
(100x diluted) from an AIDS patient, uninfected C-3
cells and serum (100x diluted) from an AIDS patient,
HTLV-IIIb-infected C-3 cells and serum (100x diluted)
from a normal adult, uninfected C-3 cells and seruﬁ
(100x diluted) frow a normal aduit, HTLV-IIIb-infected
C-3 cells and MCA No. 86, uninfected C-3 cells and MCA
No. 86, HTLV~-IIIb-infected C-3 cells and MCA V1, and
uninfected C-3 cells and MCA V1. V1 was an IgG human
MCA specific for an irrelevant anfigen‘

The following results were obtained. MCA No. 86
bound to the surface of HIV-infected cells, but it did
not bind to the uninfected cells. The same results
‘wéme théined with MCA No. 1. MCA V1, which was not
specific for HIV, did not react with the HIV-infected
cells.

With an MCA which reacts with the surface of HIV-
infected cells, it mi‘Jht be possible to destroy HIV

infected cells in the presence of complement or in the

L T
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presence of lymphocytes or macrophages, thereby

“stopping the production of new virus and permitting

suppression of the spread of the infection.

The results of the various experiments described

above are compiled in the following Table 2.

Table 2
MCA No. 86 MCA No. 1 (1.2)
Property (HB 9669) (HB 9670)
Isotype IgGl; kappa chain IgGl; lambda chain

Binding to HIV
in ELISA

Viral antigens
recognized

Binding to HIV-~
infected cells

MCA production
rate

Stability of McA
production

HTLV-IIIb
CR10/NIT

gp4l, gpl6o
(gpl20, weak)

positive
10 ug/10% cells
per day

> 6 months

HTLV-IIIb
CR10/NIT

positive

20 ug/10% cells
per day

> 4 months

The invention now being fully described, it will

be apparent to one of ordinary skill in the art that

many changes and modifications can be made thereto

without departing from the spirit or scope of the

invention as set forth herein.

!
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A human monoclonal IgGl antibody which reacts with both

R

gpl120 and another glycoprotein which has a molecular weight
of 41,000 daltons (gp4l)}, both of which are structural
components of the envelope of HIV.

2. A human monoclonal IgGl antibody produced by a

hybridoma or a cell line derived therefrom having the
identifying characteristics of ATTC HB 9669.

3. A human monoclonal IgGl antibody produced by a

hybridoma or a cell line derived therefrom having the

identifying characteristics of ATTC HB 9670.

|

4. A hybridoma or a cell line derived therefrom, which is

formed by fusion of non-Epstein-Barr virus transformed human

o lymphocytes and mouse myeloma cells and produces a human

35;: monoclonal antibody which belongs to the IgGl subclass and

§€:f binds to the surface of an HIV particle. |
:ﬁf: 5. A hybridoma as claimed in claim 4, wherein mouse said

myeloma cells have the identifying characteristics of {
P3x63AgU1.

6. A hybridoma or a cell line derived therefrom, having

the identifying characteristics of ATCC HB 9669.

Tan 7. A hybridoma or a cell line derived therefrom, having
'r'f the identifying characteristics of ATCC HB 9670.
8. A method for producing a hybridoma according to claim

4, which comprises treating non-Epstein-Barr virus
transformed human lymphocytes obtained from an HIV

seropositive patient with complement and a mouse monoclonal
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antibody specific for human T-lymphocytes, and then fusing
said lymphocytes and mouse myeloma cells.
9. A method according to claim 8, wherein said mouse
myeloma cells have the identifying characteristics of
P3x63AgU1l.
10. A method for producing a human IgGl monoclonal antibody
which binds to the surface of an HIV particle, comprising:

mixing non-Epstein-Barr virus transformed human
lymphocytes obtained from an HIV seropositive patient and
mouse myeloma cells in a ratio of 1:10 to 1:100 to form a
mixture;

adding to said mixture a cell fusion solution to result
in a cell suspension;

stirring said cell suspension for from 1 to several
minutes at a temperature of from 259C to 37°C;

diluting and washing said cell suspension with said
cell fusion solution;

adding to said cell suspension HAT selective culture
solution to give a cell density of 1-5 x 105/m;

adding aligquots of said cell culture solution to a
plate containing wells;

culturing the cell suspension in said plate for from 3
to 4 weeks at from 359C to 38°C in humidified air
containing about 5% Coj;

selecting wells containing cells producing anticodies
directed to HIV, and which have an IgGl subclass; and

cloning said cells producing antibodies directed to HIV

by the limiting dilution method to obtain stable subclones

P

{




‘\

e

| N

-33-

producing a human monoclonal antibody which can bind to the i
surface of an HIV particle. ;
11. A method according to claim 10, wherein said mouse
myeloma cells have the identifying characteristics of
P3x63AgU1.

12. A method for producing a hybridoma according to claim
4, consisting essentially of treating non-Epstein-Barr virus
transformed human lymphocytes obtained from an HIV
seropositive patient with complement and a monoclonal I
antibody specific for human t-lymphocytes, and then fusing

said lymphocytes and mouse myeloma cells.,

13. A method according to claim 12, wherein said mouse

myeloma cells have the identifying characteristics of

P3x63AgU1.

DATED this 30th day of January, 1992.

THE UNIVERSITY OF ARIZONA and TEIJIN LIMITED

By their patent attorneys:

PETER MAXWELL & ASSOCIATES
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