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Monoclonal Antibody to Intracellular Epitoe of Human T Cell
Receptor Zeta Chain and Method of Preparation

Eackg;oggg

This invention relates to monoclonal antibodies,
and specifically to monoclonal antibodies to lymphocytes.

Monoclonal antibodies reactive with lymphocyte
surface structures are useful as therapeutic and
diagnostic agents and as reagents in studies of
lymphocyte biology. A prominent structure on peripheral
blood T lymphocytes is the T cell antigen receptor
complex. The receptor portion of the complex consists of
primarily extracellular, variable, clone-specific
heterodimers (composed of the subunit proteins alpha,
beta, gamma, or delta) which determine the specificity of
the receptor and function as the binding site for
antigen. The heterodimers are noncovalently associated
with the proteins of the CD3 complex - gamma, delta,
epsilon, zeta, and eta. It is believed that the proteins
of the CD3 complex, which have primarily invariant
regions, act as intracellular transducers of the ligand-
binding signals.

The individual proteins of the complex are
synthesized intracellularly, and the complex is assembled
and then transported to the plasma membrane. The zeta
chain, whose nine amino acid extracellular domain is
identical in man and mouse, is synthesized in rate
limiting amounts and appears to play a unique role in
intracellular targeting and assembly and the efficient
expression of the complex on the cell surface. 1In the
absence of zeta, 95% of the receptor complexes are
rapidly transported to and degraded in liposomes. A low
expression of the CD3 zeta chain can lead to clinical

symptoms of immunodeficiency.



WO 90/15822 PCT/US90/03403

10

15

20

25

30

35

-2 -

Monoclonal antibodies reactive with a particular
antigen are prepared by standard techniques: immunizing a
mammal, e.g., a mouse, with the antigen; fusing
splenocytes from the immunized mammal to myeloma cells
for the production of hybridomas; obtaining viable clones
of the hybridomas; and screening the clones for their
reactivity with the antigen (e.q., by'flow cytometric
analysis).

Summary of the Invention

The invention features, in one aspect, a
monoclonal antibody of class IgG, which antibody
selectively binds to permeabilized T cells but not to
permeabilized B cells nor to unpermeabilized T cells.

In the preferred embodiment the monoclonal
antibody is produced by a hybridoma formed by fusion of
cells from a mammalian myeloma line (specifically NS-1
myeloma cells) and spleen cells from a mammal
(specifically a Balb/c mouse) previously immunized with
permeabilized human T cells (specifically from Ficoll
purified peripheral blood mononuclear cells); the
antibody, TIA-2, recognizes a T cell restricted 32 kd
homodimer, a dimer of the zeta chain of the T cell
receptor complex.

In another aspect, the invention features a method
of screening a population of monoclonal antibodies for a
monoclonal antibody that selectively binds to
permeabilized but not unpermeabilized lymphocytes; the
method includes the steps of stabilizing a population of
lymphocytes by contacting the cells with a mild fixative;
permeabilizing the cells by contacting them with a mild
glycosidic detergent; contacting a population of
monoclonal antibodies with the stabilized, permeabilized
cells; contacting the same population of monoclonal
antibodies with unpermeabilized cells; and selecting a

monoclonal antibody that reacts with the permeabilized
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lymphocytes but not with the non-permeabilized
lymphocytes. In the preferred embodiment, the
lymphocytes are T cells; the fixative is formaldehyde at
a concentration of from 0.005 - 0.1%, preferably 0.01%;
and the mild glycosidic detergent is digitonin at 1 to
100 pg/ml, preferably 10 ug/ml,

In another aspect, the invention features a method
of determining the state of T cell activation of a
patient that involves contacting serum, urine, or
circulating peripheral blood cells from the patient with
a monoclonal antibody that recognizes the zeta chain of
the T cell receptor complex (e.g., TIA-2) and measuring
the extent of binding of the antibody with the zeta
chain; to determine the extent of T cell infiltration of
a specific tissue, a fixed tissue section is-contacted
with the monoclonal antibody.

, By providing a method of permeabilizing
lymphocytes that both preserves the integrity of
intracellular structures and stabilizes the cells to
withstand the repeated washings that are necessary for
flow cytometric analysis, the invention provides a way of
screening a population of monoclonal antibodies for an
antibody that binds specifically to an intracellular
target as opposed to a surface molecule of a specific
lymphocyte population. The specific monoclonal antibody
described, TIA-2, was unlikely to be isolated by
screening methods that analyzed only for antibodies to
cell surface molecules as the bulk of the zeta protein
chain resides intracellularly.

As the zeta chain is believed to be sloughed off
of activated T cells into a patient's biological fluids,
e.g., serum or urine, TIA-2 can be used as a rapid
diagnostic reagent for the assessment of the state of
lymphocyte activation, for example in patients with
autoimmune diseases such as systemic lupus erythematosas,
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rheumatoid arthritis, vasculitis, and polymyositis. 1In
patients who are recent allograft recipients, T cell
activation could indicate imminent graft rejection. 1In
addition, TIA-2 can be used as a stain to locate
lymphocytes in fixed tissues. TIA-2 is also likely to be
a valuable research reagent in determining the specific
role of the zeta chain in T cell activation.

Other features and advantages of the invention
will be apparent from the following description of the
preferred embodiment and from the claims.

Description of the Preferred Embodiment

We first briefly describe the drawings.

Figs. 1 and 2 are autoradiograms of SDS
polyacrylamide gels.

Monoclonal antibody TIA-2 selectively recognizes
permeabilized but not unpermeabilized T lymphocytes and
is directed at an intracellular epitope of the T cell
receptor zeta chain. TIA-2 was isolated by the following
procedure.

Hybridomas suitable for screening for production
of antibodies reactive with intracellular antigens were
prepared by immunizing 6 week old Balb/c mice with
permeabilized T lymphocytes (25-30 x 106) at 21 day
intervals over a 9~12 week period. The immunogen was
prepared using Ficoll purified peripheral blood
mononuclear cells obtained from plateletpheresis residues
that were rosetted with sheep erythrocytes (Lay et al.,
Nature 300:267(1971)). Purified T lymphocytes were
washed three times in PBS, resuspended at 5 x 106
cells/ml and permeabilized by the addition of digitonin
(10 pg/ml) for 5 minutes on ice. The adequacy of
permeabilization was monitored by determining trypan blue
uptake, which was typically greater than 90%.
Permeabilized lymphocytes were pelleted, resuspended at

25-30 x 106 cells/ml in sterile PBS and injected

b
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intraperitoneally into Balb/c mice. Splenocytes from
immunized mice were fused to NS-1 myeloma cells for the
production of hybridomas (Kohler et al., Nature

256:495(1975)) .

Individual clones of the hybridomas as prepared
above were screened for reactivity to permeabilized T
lymphocytes by a modification of the flow cytometric
method. 1In order to permeabilize the cells without
causing cellular damage or the loss of intracellular
constituents and in order to protect the permeabilized
cells against disintegration during the many washes
required in preparation for flow cytometric analysis, T
lymphocytes purified by sheep erythrocyte rosetting were
first stabilized by mild fixation with 0.01% formaldehyde
in PBS for 20 min. on ice. Cells were then washed four
times with ice cold PBS, resuspended at 5 x 106 cells/ml
in PBS and permeabilized by the addition of digitonin (10
pg/ml) for 5 minutes on ice. After the adequacy of
permeabilization had been confirmed by trypan uptake,
cells were pelleted and resuspended in PBS at 20 X 10
cells/ml. Hybridoma supernatants were added to
permeabilized cells in a 1:1 ratio. After 30 minutes on
ice, cells were washed three times with PBS containing
0.05% Tween-20 to remove unbound antibody, further
incubated with goat anti-mouse-FITC, washed, resuspended
in PBS and 1% formaldehyde, and analyzed flow
cytometrically, using an Epics 752 flow cytometer.

Alternatively, the lymphocytes could be stabilized
by any other mild fixative, e.g., glutaraldehyde at 0.1-
1%. Also, any mild detergent having the properties of
digitonin would be a suitable permeabilizing agent.

Monoclonal antibodies that selectively reacted
with intracellular T cell specific structures were
selected by screening the hybridoma supernatants on
digitonin treated T cells and B cells as well as on

PCT/US90/03403
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native T cells. TIA-2 was one such monoclonal antibody
selected. The specificity of binding of TIA-2 is
indicated in the following table:

RESTRICTED EXPRESSION OF TIA-2

5 CELL TYPE RELATIVE ORESC

T lymphocytes ) +++ (>95%)
CDh4+ lymphocytes +++ (>95%)
CD8+ lymphocytes +++ (>95%)
T4Cl clone +++ (>95%)

10 T4T8C1 clone +++ (>95%)
B lymphocytes -
REX +++ (>95%)
Jurkat +++ (>95%)
HPB-ALL +++ (>95%)

15 HUT-78 +++ (>95%)
CEM +++ (>95%)
Raji -
BJAB -
Daudi : -

20 U937 -

Analysis of the specificity of binding of TIA-2
revealed that it recognizes an intracellular epitope on
the zeta chain of the T cell receptor complex.
Peripheral blood T lymphocytes that had been

25 permeabilized by the method described previously were
radioiodinated using lactoperoxidase. After
solubilization of the cells in NP-40 lysis buffer,
immunoprecipitates were formed using TIA-2, separated on
SDS polyacrylamide gels, and subjected to

30 autoradiography. As shown in Fig. 1, immunoprecipitates
formed using TIA-2 (lanes 2 and 5) included a prominent
band at 32 kd that was reduced to 16 kd in the presence
of 2-mercaptoethanol. Immunoprecipitates formed using
Protein A-Sepharosef with rabbit anti-mouse

35 immunoglobulin (lanes 1 and 4) alone, or an isotype

-3
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matched control antibody (12T4D11, anti-CD4) (lanes 3 and
6) did not contain these structures. Similarly, when T
cell lysates prepared in the presence or absence of 2-
mercaptoethanol were separated on.SDS polyacrylamide
gels, transferred to nitrocellulose, and probed with TIA-
2, these same 32 kd and 16 kd structures were
specifically recognized (Fig. 2). Taken together, these
results show that TIA-2 binds to a 32 kd disulfide linked
homodimeric structure, the same structure as that of the
zeta chain.

Use

As the monoclonal antibody to the zeta chain
recognizes an internal epitope and not a surface
structure, it will bind to antigen in both its native and
denatured state and consequently can recognize its '
antigen in tissue sections that have been fixed, e.g., in
formaldehyde, or glularaldehyde, or in Western blot
analysis. TIA-2 is a highly sensitive probe for T cells
in fixed tissues; therefore, TIA-2 can be used to monitor
the extent of T cell infiltration into specific tissues.

When T cells are activated, the zeta chain is
sloughed off the surface of the T cell or disappears into
the internal cytoplasm. Consequently, a detection of an
increase of zeta chain in a speciman of a biological
fluid from a patient, e.g., serum or urine, or a decrease
in surface zeta chain in circulating peripheral blood T
lymphocytes would indicate T cell activation, e.g., in a
patient with an autoimmune disease. 1In an allograft
recipient, the detection of T cell activation could
indicate imminent graft rejection.

Other embodiments are within the following
claims. For example, lymphocytes other than T cells can
be fixed and permeabilized by the method described above
and then used to screen a population of monoclonal
antibodies prepared against the specific lymphocyte under

PCT/US90/03403
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analysis. In addition, fixed and permeabilized
lymphocytes of any type could be analyzed for selective
binding to a monoclonal antibody by an enzyme-linked
ELIZA assay instead of by flow cytometry.
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Claims
1. A monoclonal antibody of class IgG, which

antibody:
selectively binds to permeabilized T cells but not

permeabilized B cells; and
selectively binds to permeabilized but not

unpermeabilized T cells.

2. The monoclonal antibedy of claim 1 which is
produced by a hybridoma formed by fusion of cells from a
mammalian myeloma line and spleen cells from a mammal
previously immunized with permeabilized human T cells.

3. The monoclonal antibody of claim 2 wherein

said mammal is mouse.

4. The monoclonal antibody of claim 1 which is
produced by a hybridoma formed by fusion of NS-1 myeloma
cells and spleen cells from a Balb/c mouse previously
immunized with permeabilized human T cells from Ficoll
purified peripheral blood mononuclear cells.

5. The monoclonal antibody of claim 1, which
antibody further binds to a T cell restricted 32 kd

homodimer.

6. The monoclonal antibody of claim 1, which
antibody further binds to the zeta chain of the T cell
receptor complex.

7. The monoclonal antibody TIA-2.
8. A method of screening a population of

monoclonal antibodies for a monoclonal antibody that
selectively binds to a permeabilized but not an
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unpermeabilized lyméhocyte, said method comprising the
steps of:

stabilizing a population of lymphocytes by
contacting said cells with a mild fixative;

permeabilizing said lymphocytes by contact with a
mild glycosidic detergent;

contacting said population of monoclonal
antibodies with said stabilized and permeabilized
lymphocytes;

contacting said population of monoclonal
antibodies with unpermeabilized lymphocytes; and

selecting a monoclonal antibody that binds to said
permeabilized lymphocytes but not to said non-
permeabilized lymphocytes.

9. The screening method of claim 8 wherein said
lymphocyte is a T cell lymphocyte.

10. The screening method of claim 8 wherein said
fixative is an aqueous soluticn containing 0.005 - 0.1%
formaldehyde at 0-5°C and said mild glycosidic detergent
is an aqueous solution containing to 100 pg/ml digitonin
at 0-5°C.

11. The screening method of claim 8 wherein said
fixative is an aqueous solution containing 0.01%
formaldehyde at 0-5°C and said mild glycosidic detergent

is an aqueous solution containing 10ug/ml digitonin at 0-
5°C.

12. A method of determining the state of T cell
activation of a patient, said method comprising

contacting serum, urine, or circulating peripheral
blood cells from said patient with the monoclonal
antibody of claim 6 or claim 7; and

PCT/US90/03403
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measuring the extent of binding of said antibody
with zeta chain in said serum or urine, or on said
circulating peripheral blood cells.

‘13. A method of determining the extent of T cell
infiltration into a specific tissue of a patient, said

method comprising

contacting a fixed tissue section from said
specific tissue of said patient with the monoclonal
antibody of claim 6 or claim 7; and

measuring the extent of binding of said antibody

with zeta chain in said fixed tissue section.
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