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(54) Title:

ETHOD AND COMPOSITION FOR TRANSFER OF ACTIVE TUMOR-SPECIFIC IMMUNIZATION FROM AN

IMMUNIZED ALLOGENEIC BONE MARROW DONOR

(57) Abstract

This invention provides a method of improving a transplantation of hematopoietic cells from a donor to a recipient to treat a
hematopoietic cell tumor in the recipient comprising immunizing the donor’s hematopoietic cells with an antigen specific for the recipient’s
hematopoietic cell tumor, and transplanting the donor’s immunized hematopoietic cells to the recipient. Also provided is a composition
comprising purified hematopoietic cells primed to produce an immunological response to foreign tumor specific antigen. Also provided is
a2 method of treating a tumor by the transplantation of hematopoietic cells from a donor to a recipient to treat the tumor in the recipient
comprising immunizing the donor’s hematopoietic cells with an antigen specific for the recipient’s tumor, and transplanting the donor’s

immunized hematopoietic cells to the recipient.
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METHOD AND COMPOSITION FOR TRANSFER OF
ACTIVE TUMOR-SPECIFIC IMMUNIZATION FROM AN
IMMUNIZED ALLOGENEIC BONE MARROW DONOR

BACKGROUND OF THE INVENTION

The development of a vaccine against human
malignancies has been a long-sought goal which has yet to
be achieved. Many of the efforts toward this end have
been frustrated by the lack of identification of a tumor-
specific antigen which would allow tumor cells to be
distinguished from normal cells. Conceptually, such an
antigen could be used as a vaccine to induce the host's
immune system to reject cells bearing that antigen.

Immunoglobulin (Ig) molecules are composed of heavy
and light chains, which possess highly specific variable
regions at their amino termini. The variable regions of
heavy and light chains combine to form the unique antigen-
recognition site of the Ig protein. These variable
regions contain determinants (molecule shapes) that can
themselves be recognized as antigens, or idiotypes.

B-cell malignancies are composed of clonal
preliferations of cells synthesizing a single antibody
molecule with unique variable regions in the heavy and
light chains. B-cell lymphomas and myelomas are necoplasms
of mature lymphocytes which generally express and/or
secrete synthesized Ig. The idiotypic determinants of the
surface Ig of a B-cell lymphoma or myeloma can thus serve

as a tumor-specific marker for the malignant clone.
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Studies in experimental animals, as well as in man,
have demonstrated the utility of the Ig idiotype as a
tumor-specific antigen for the study of the biology of B-
cell lymphoma in vitro and as a target for passive
immunotherapy in viveo (1-3). Furthermore, active
immunization against idiotypic determinants on malignant
B-cells has been demonstrated to produce resistance to
tumor growth in a number of syngeneic experimental tumor
models, as well as specific anti-tumor therapy against
established tumors (4-14). Furthermore, preclinical
studies in subhuman primates demonstrated that optimal
immunization with human lymphoma-derived Id required
conjugation of the protein to an immunogenic protein
carrier (keyhole limpet hemocyanin (KLH)) and
enulsification in an adjuvant (15) . These results, taken
together, provided the rationale for testing autologous
tumor-derived idiotypic surface Ig (Id) as a therapeutic
"vaccine" against human B-cell malignancies.

The mainstay of therapy for advanced stage myeloma
patients with symptoms and signs of progressive disease
remains systemic chemotherapy, particularly with
alkylating agents and steroids. There is still some
controversy reqgarding the superior efficacy of multiagent
intensive chemotherapy regimens, such as the M2 or
alternating combination chemotherapy regimens described by
the Southwest Oncology Group and Medical Research Council,
but most randomized trial results demonstrate only a

modest incremental advantage in long-term overall survival
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compared with standard@ melphalan and prednisone, with no
significant numbers of long-term disease-free survivors
(16-23). Thus, although partial remissions of up to 60%
are obtained with a variety of regimens, the median
survival of about 30 months has remained constant for the
last 30 years.

A more aggressive approach with intensive high dose
chemoradiotherapy with either autologous or allogeneic
bone marrow transplantation is currently being explored by
several groups of investigators. These protocols have
improved initial response rates, although it remains to be
seen whether these remissions are maintained with longer
follow-up perliods (24-28). Regardless of the initial
responsiveness rates, the vast majority (>90%) of patients
currently treated by these methods experience an eventual
relapse of the tumor.

Many groups have described monoclonal B-cell
populations in the peripheral bloocd as well as in the bone
marrow of patients with myeloma, and these cells bear the
myeloma protein idiotype on their surface as evidence of
the clonal identity with the malignant plasma cells (29-
37). As the removal of malignant plasma cells by
chemotherapy does not appear to deplete the malignant stem
cell (38), eradication of these precursor B-cells may
ultimately be necessary for successful treatment of this
disease.

The goal of the specific strategy described herein

was to attempt to transfer tumor antigen-specific immunity
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induced in a bone marrow donor to a sibling BMT recipient
with myeloma, as a means to enhance the therapeutic
efficacy of allogeneic BMT. The transfer of induced
antigen-specific humoral immunity to viral and other
pathogens from immune donors has been explored in BMT
patients as a potential therapeutic approach to the
problem of increased host susceptibility to infection
following the BMT procedure (39-42). A recent report also
suggested the possible transfer of Varicella Zoster Virus
specific cellular immunity from immune marrow donors to
BMT recipients (43). This report, however, was
inconclusive as to the origin of the cellular immunity
response due to the immunization of both the donor and the
recipient. Moreover, the literature reports that transfer
of specific cellular immunity cannot be achieved in the
context of transplantation (40).

Until this invention only a small percentage (<10%)
of investigators had succeeded in eradicating a myeloma
through BMT. This percentage is even smaller in the case
of patients in the advanced stages of myeloma. The
literature does not show that an immune response, and
specifically a cellular immune response to a tumor
specific antigen, could be transferred exclusively from an
immunized donor in a BMT. Thus, donor immunization with
myeloma Id represents a very important strategy for

enhancing the specific anti-tumor effect of allogeneic

marrow grafts.
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SUMMARY OF THE INVENTION

The present invention provides a method of improving
a transplantation of hematopoietic cells from a donor to a
recipient to treat a hematopoietic cell tumor in the
recipient comprising immunizing the donor's hematopoietic
cells with an antigen specific for the recipient's
hematopoietic cell tumor and transplanting the donor's
immunized hematopoietic cells to the recipient. The
donor's transplanted hematopoietic cells improve the
transplantation of the hematopoietic cells to treat the
hematopolietic cell tumor in the recipient.

Additionally, the invention provides a composition
comprising purified hematopoietic cells primed to produce
an immunological response to foreign tumor specific

antigen.

i LA 2L S B L LON v NVENTLONM
The present invention provides a method of improving

a transplantation, ie. an adoptive transfer, of
hematopoietic cells from a donor to a recipient to treat a
hematopoietic cell tumor in the recipient comprising
immunizing the donor's hematopoietic cells with an antigen
specific for the recipient's hematopoietic cell tumor and
transplanting the donor's immunized hematopoietic cells to
the recipient. The donor's transplanted hematopoietic
cells improve the transplantation of the hematopoietic
cells to treat the hematopoietic cell tumor in the

recipient. Moreover, the method transfers antigen-
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specific antitumor immunity from an immunized donor to the
recipient. Thus, the treatment of any tumor which is
treated by donor to recipient hematopoietic cell
transplantation can be enhanced using this invention.

Additionally, the invention provides a composition .
comprising purified hematopoietic cells primed to produce
an immunological response to foreign tumor specific
antigen. As used herein, "purifiéd" means substantially
removed from the presence of naturally occurring proteins,
Cells or tissues with which the antigens naturally occur.
As also used herein "foreign" means the cells are primed
to an antigen introduced from a non-self source. The
foreign tumor specific antigen can, for exanple, be .
derived from an allogeneic tumor, an isogeneic tumor, a
syngeneic tumor, or a xenogenic tumor. Therefore, the
immunological response can be obtained, for example, from
a tumor of an individual of the same species. For
exanmple, the tumor can be obtained from a sibling.

In a preferred embodiment the invention also provides
that the hematopoietic cells can be T-cell precursors. T-
cell precursors contemplates undifferentiated or immature
hematopoietic cells which will mature into immunologically
competent T-cells. 1In a more preferred embodiment the
hematopoietic cells are bone marrow cells.

The invention also provides that the immunological
response to which the cells are primed is a proliferation
of peripheral blood mononuclear cells. The invention also

contemplates that the immunological response is the
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production of anti-tumor specific antigen antibodies and
cellular immune responses. Furthermore, additional genes,
such as those encoding for growth factors, may be
introduced into the donor's immunized hematopoietic cells
to enhance the immunoclogical response and effectiveness of
the present method and composition.

The appropriate tumor specific antigen used in the
donor immunization naturally depends on the tumor type
being treated. For example, when the tumor is a B-cell
myeloma the tumor specific antigen can comprise an
immunoglobulin idiotype. This immunoglobulin idiotype
can, for example, further comprise the entire
immunoglobulin molecule, a Fab, F(ab), , or the like. For
example, the immunoglobulin idiotype can be IgG kappa.

The present invention contemplates the use of various
other hematopoietic tumor cell specific antigens. For
example, Ras oncoproteins and p53 from leukemia cells may
be used to immunize the donor. The present invention
contemplates immunizing the donor's hematopoietic cells
against solid tumor specific antigens. Such examples of
solid tumor specific antigens include carcino-embryonic
antigen (CEA) from a colon tumor, Raf oncoprotein from an
adenocarcinoma, and GD2 and GD3 from a melanoma. The
effectiveness of the particular antigen can be determined
following the methods set forth in the Example.

Tumor specific antigens can be obtained, for example,
through isolation and purification of immunoglobulins, or

immunogenic portions thereof, from naturally occurring B-
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cell surfaces or from blood plasma. For example, whole
cells can be irradiated, sonicated and centrifuged to
Yield plasma suspended immunoglobulins. The
immunoglobulins can be produced either in vivo or in
vitro. The immunoglobulins can be produced by growth
stimulated cells, genetically engineered cells, or
monoclonal antibody producing hybridoma cells. For
example, the idiotype can be identified or produced
through the use of regional consensus primers and PCR
amplification and/or cloning followed by gene expression.

Non-idiotype containing antigens can be obtained
following known procedures or are commercially available.
See generally, The Oncogene Handbook, T. Curran, E.P.
Reddy, and A. Salka (ed.), Elsevier Science Publishers,
The Netherlands (1988). Alternatively, appropriately
treated, such as by irradiation, whole tumor cells may be
used to comprise a tumor specific antigen. Furthermore,
the donor's hematopoietic cells may be genetically
engineered or recombined with genes encoding other
immunological stimulants, such as cytokines, to enhance
the present methods and compositions.

1n a preferred embodiment, the invention provides
that the tumor specific antigen can be conjugated to an
immunogenic molecule, for example keyhole limpet
hemocyanin. Other suitable immunogenic molecules include
heat shock proteins, cholera toxin, bovine serum albumin,
tetanus toxoid, thyroglobulin, and cytokine molecules.

The immunogenic molecule can be optimized using standard
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immunological techniques. Such immunogenic molecules can
be conjugated using standard techniques.

In a further preferred embodiment, an adjuvant is
administered with the antigen, for example SYNTEX adjuvant
formulation 1 (SAF-1l) composed of 5 percent (wt/vol)
squalane (DASF, Parsippany, N.J.), 2.5 percent Pluronic,
L121 polymer (Aldrich Chemical, Milwaukee), and 0.2
percent polysorbate (Tween 80, Sigma) in phosphate-
buffered saline. Other suitable adjuvants are well known
in the art and include Freund's adjuvant, alum, aluminum
phosphate, aluminum hydroxide, N-acetyl-muramyl-L-
threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-muramyl-IL-
alanyl-D-isoglutamine (CGP 11637, referred to as nor-MDP),
N-acetylmuramyl-L~alanyl-D-isoglutaminyl-L-alanine-2-(1'-
2'-dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy) -
ethylamine (CGP 19835A, referred to as MTP-PE), and RIBI,
which contains three components extracted from bacteria,
monophosphoryl lipid A, trealose dimycolate and cell wall
skeleton (MPIL+TDM+CWS) in 2% squalene/Tween 80 emulsion.
The effectiveness of an adjuvant may be determined by
measuring the immune response directed against the antigen
using standard procedures.

Furthermore, the invention provides that the
hematopoletic cell tumor can be a B-cell or T-cell
malignancy, eg. a myeloma, a lymphoma or a leukemia. A B-
cell or T-cell malignancy contemplates a monoclonal
gammopathy of undetermined significance (MGUS) and pre-

malignancy conditions.
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In a preferred embodiment, the donor's hematopoietic
cells are bone marrow cells. However, the donor's
hematopoietic cells may also be peripheral or lymphoid
cells. These peripheral or lymphoid cells can be obtained
for example from the blood through leukapheresis.
The donor's hematopoietic cells may be immunized

against the recipient's tumor specific antigen either in

vive or in vitro. The in vitro immunization may be

accomplished, for example, by exposing the donor's cells
to tumor specific antigen in a culture plate (14).

The immunogenic composition can be administered to
the donor orally, parenterally (e.q., intravenously), by
intramuscular injection, by intraperitoneal injection,
topically, transdermally, or the like, although
subcutaneous injection is typically preferred.

Immunogenic amounts of the antigen can be determined using
standard procedures. Briefly, various concentrations of a
putative specific immunoreactive epitope are prepared,
administered to an animal and the immunoclogical response
(e.g., the production of antibodies) of an animal to each
concentration is determined. (Arnon, R. (Ed.) Synthetic
Yaccines I:83-92, CRC Press, Inc., Boca Raton, Florida,
1987). The exact amount of such compounds required will
vary from subject to subject, depending on the species,
age, weight and general condition of the subject, the
severity of the disease that is being treated, the
particular compound used, its mode of administration, and

the like. Thus, it is not possible to specify an exact
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amount. However, an appropriate amount may be determined
by one of ordinary skill in the art using only routine
experimentation given the teachings herein.
Generally, the dosage will approximate that which is
5 typical for the administration of vaccines, and will be in
the range of about 5 to 1000 ug/dose, and preferably in
the range of 50 to 500 ug/dose. The number of doses is in
the range of 1 to 10, and preferably in the range of 2 to
5. The frequency of dosages for immunization of the donor

10 is in the range of 1 to 10 weeks, and preferably in the
range of 2 to 4 weeks. The time elapsed after donor
immunization until administration to the recipient is in
the range of 1 day to 10 weeks, and preferably in the
range of 2 to 4 weeks.

15 The compositions, as noted above, will include, as
noted above, an effective amount of the selected antigen
in combination with a pharmaceutically acceptable carrier
and, in addition, may include other medicinal agents,
pharmaceutical agents, carriers, adjuvants, diluents, etc.

20 By "pharmaceutically acceptable" is meant a material that
is not biologically or otherwise undesirable, i.e., the
material may be administered to an individual along with
the selected antigen without causing any undesirable
biological effects or interacting in a deleterious manner

25 with any of the other components of the composition in
which it is contained. Actual methods of preparing such

dosage forms are known, or will be apparent, to those
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skilled in this art; for example, see Remington's
Pharmaceutical Sciences (45).

Parenteral administration, if used, is generally
characterized by injection. Injectables can be prepared
in conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solutiocn or
suspension in liquid prior to injection, or as emulsions.
A more recently revised approach for parenteral
administration involves use of a slow release or sustained
release system, such that a constant level of dosage is

maintained. See, e.g., U.S. Patent No. 3,710,795, which

is incorporated by reference herein.

=20 ] S on _and coningation of Mvelona diotvpe Proteir
Process Qverview. Since a B-cell malignancy myeloma
expresses a unique idiotype, the vaccine must be developed
on a customized basis from the plasma of each nyeloma
patient which contains Id in large quantities. The

isotope of the circulating paraprotein for this patient

was IgG kappa.

E! ‘E. !l EIi’ I
Water Dialvsis. As an initial purification and

concentration step, plasma containing myeloma Id was

dialyzed against sterile water for injection (WFI). The
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resultant reduction in salt concentration in the plasma
caused preferential precipitation of immunoglobulin. The
resulting precipitate was collected by centrifugation and
resuspended in an appropriate volume of 0.01 M Tris.

DEAE Chromatography. A DEAE Chromatography gel, DE.
52, was inmersed in 0.5 M NaOH and washed 3 times with
WFI. The DE 52 gel was then stirred into an equal volume
of 0.1 M Tris, and the step was repeated until the
resulting supernatant had the required pH of 8 + 0.2 and
conductivity (x 0.02 mMhos) of the starting buffer. The

gel was then equilibrated with 0.01 M Tris and packed into

a column.

The actual chromatography procedure was performed at
4°C in an environmmentally controlled cold toom. The
concentrated plasma precipitate was loaded onto the DE 52
column and washed with two gel volumes of 0.01 M Tris.

The Id was eluted with a stepwise gradient from 0.01 M
Tris, pH 8.0 (+ 0.2) to 0.1 M Tris, pH 8.0 (* 0.2), using
absorption at 280 nm to monitor the protein effluent. The
protein peak was collected in 1 ml fractions, and based on
SDS-PAGE, selected fractions were pooled.

Sodium Sulfate Precipitation . In a laminar flow
hood in the clean room, the selected pooled fractions were
transferred to sterile pre-rinsed dialysis tubing and
dialyzed against 10 volumes of 20% Na,S0, for 16-20 hours.
When dialysis was complete, the dialysate was aseptically
transferred to sterile centrifuge tubes and the

precipitate collected by centrifugation. The pellet was
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resuspended in sterile 0.9% normal saline. The
resuspended pool was then dialyzed against 20 volumes of
0.9% normal saline for 16-20 hours. The final material
was filtered through a 0.2 micron filter and adjusted to a

final concentration of 1 mg/ml.

~ons 3 f Tdiof o KIH
Preparation of KIH. KLH was obtained from

Calbiochem, San Diego, California (Cat. #374805). The KIH
was supplied in a lyophilized form containing more than
60% protein in BES buffer and magnesium sulfate. The

protein'purity, which is determined by the vendor, was

greater than 90%.

Prior to conjugation, the KLH was passed over a
Pyrosorb endotoxin removal matrix (Cuno, Inc., Cat.
#7503101 PS). The binding capacity of the support is >10’
EU endotoxin per cartridge. Repeated passage of the KIH
over the columns reduced the endotoxin to an acceptable
level. The gel was regenerated with 1.0 M NaOH.

Conjugation of Idiotvpe to KILH. Equivalent amounts
of Id and KIH (egual weights and volumes) were mixed
together, and glutaraldehyde, (Sigma, St. Louis, Missouri)
was added to a final concentration of 0.1%. The mixture
was slowly stirred for 4 hours at room temperature. A 1.0
M glycine in PBS solution was added to the mixture to a
final concentration of 0.1 M glycine to block residual
glutaraldehyde, and the mixture was stirred an additional

15 minutes. Unconjugated glycine and glutaraldehyde were

P EETEE GEEET TSNS SR G SRS BB SRS o AR
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removed by dialysis in sterile sodium chloride for
injection, USP.
Yialing. The final product was aseptically filled
into sterile depyrogenated containers under a laminar flow
hood. The final fill volume to be delivered was 1 ml

which yielded a patient dose of 0.5 mg of Id.

D) ic Po] _F 3 Ad3 l

Id-KIH was mixed with a Pluronic polymer-based
adjuvant. This vehicle formulation contains materials
already authorized for use in pharmaceutical and cosmetic
formulations and had been shown to be safe in the 12
patients observed in the phase I trial (15). The
components were 5% squalane (w/v), 2.5% Pluronic L121 and
0.2% Tween-80 in phosphate buffered saline. All three
components were obtained from commercial vendors and were
sterilized by filtration or autoclaving before use.

The Pluronic polymer-based adjuvant was prepared 24
hours in advance of each immunization, and each lot was
tested for sterility. One ml of adjuvant was produced by
mixing Tween (0.4%)/PBS (0.85 ml), L121 (0.05ml), and
squalane (0.1lml) to produce an emulsion. Immediately
prior to vaccination of the donor, this emulsion was mixed
(vortexed) with 1 ml I4d-KLH to produce a final injection

volume of 2 ml.

mnunization and anafer ¢ mmun i
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The BMT donor was a healthy 47 vear-old white male
sibling whose HLA type was identical to that of the
patient. The patient (BMT recipient) was a 45 year old
woman, who was pfeviously noted in April of 1987 to have
an increased total protein. Two years later she was noted
to have a monoclonal protein of 2.4 grams on serum protein
electrophoresis and 12% plasma cells in the marrow. By
immunofixation the protein was monoclonal IgG kappa.
Skeletal survey was normal and plasma cell labeling index
was less than 1%. A diagnosis of monoclonal gammopathy of
undetermined significance (MGUS) was made. No treatment
was given, but by fall of 1991 she began to note back pain
and the IgG level had risen to 4.2 grams per deciliter.
Treatment was not initiated until fall of 1992 when a
skeletal survey was done demonstrating multiple lytic
lesions involving the lumbar spine, pelvis and proximal
femurs. At that time the IgG level had risen to 4.5 grams
per deciliter. She received local radiation therapy in
December of 1992 from T4 to T7, total dose 2600 cGy. In
January of 1993 therapy with VAD was initiated but because
of the development of ileus, vincristine was deleted and
she received two more cycles of adriamycin and
dexamethasone. Although there was a modest reduction in
the monoclonal protein to a level of 3.1 grams, back and
pelvic pain increased dramatically. The patient was given
a cycle of thioTEPA 100 mg/m°’ and received 2200 cGy

irradiation from T2 to T6. . In February of 1993 there was
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modest pain improvement but the M protein spike increased
to 3.9 grams per deciliter.

The HLA identical brother was identified and the
patient was transferred to Fred Hutchinson Cancer Research
Center in Seattle, Washington for further treatment. The
47 year-o0ld male HLA-matched sibling donor was immunized
with two s.c. injections of 0.5 mg myeloma IgG, purified
from the plasma of the BMT recipient, conjugated to
keyhole limpet hemocyanin (KLH), and emulsified in the
previously described Pluronic polymer-based adjuvant, at
one week intervals before bone marrow transplantation
(BMT'). The injections were administered on March 30 and
April 6, 1993. Donor toxicity consisted only of mild
reactions at injection sites. Successful donor
immunization was demonstrated by serum antibodies which
bound specifically to patient-derived myeloma IgG and
specific proliferation of peripheral blood mononuclear
cells (PBMC) to the IgG in vitro.

On the fifth of April, the patient began a bone
marrow transplant conditioning regimen consisting of
busulfan 3.5 mg/kg/day in four divided doses given daily
for four consecutive days followed by cyclophosphamide 50
mg/kg per day intravenously over three consecutive days.
After one day of rest, bone marrow from the immunized, HLA
identical brother was infused. The nucleated cell count
per kilogram body weight was 3.4 x 10°. GVHD (graft-vs.-
host disease) prophylaxis consisted of methotrexate given

on days 1, 3, 6 and 11 and cyclosporine 3 mg/kg beginning
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on day 1 and continuing through day 150. The patient was
herpes simplex and cytomegalovirus sero-positive and was
given acyclovir prophylaxis 250 mg/m’ intravenously ql2
hours and weekly intravenously immunoglobulin 500 ng/kg.
The patient was in poor physical condition and was
essentially bed ridden from mid-January 1993 until mid-
July 1993. The early post-transplant course was
complicated by urine culture that was culture positive for
coagulase negative staphylococcus on April 16, 1993,
requiring treatment with clindamvycin. Engraftment to a
neutrophil count greater than 500/ul, occurred on day 14
and platelet transfusion independence on day 21. S8kin
rash developed on approximately day 28 and required the
addition of prednisone 2 mg/kg added to the cyclosporine
on day 40. On day 38 the patient was transferred out of
the bone marrow transplant unit to the intermediate care
unit for rehabilitation.

The BMT recipient was a 45 year-old white female with
advanced refractory myeloma (multiple bony lesions, 50%
marrow plasma cells, and 3.9 gm/dl M-protein) progressing
on therapy. Analysis of her pre-BMT serum and PBMC,
respectively, revealed no detectable humoral or
lymphoproliferative response to autologous IgG idiotype.
Engraftment was normal and accompanied by grade 2 skin
GVHD responsive to therapy. 60 days post-BMT, recipient
PBMC proliferated both to the KLH control protein
(stimulation index [S.I.] 48.3 at S50 mcg/ml) . and to Id

(5.I. 4.8) when assayed independently in 5 day in vitro
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cultures. An Id-specific T-cell line has also been
established from recipient PBMC. Specificity was
demonstrated by the lack of proliferation to a panel of
isotope-matched Ig of unrelated idiotypes. No humoral
anti-idiotypic response has been detected in the
recipient. The recipient demonstrated an ongoing clinical
response, including declining M-protein, 0.4 gm/dl, and
absence of dysplastic marrow plasma cells at day 100. As

of mid-November of 1993, no myelomic relapse had been

detected in the recipient.

Follow-Up Data

Recipient PBMC were tested for proliferative
responses to autologous Id before and at various time
points after BMT. Pre-~BMT PBMC did not demonstrate any
pre-existing proliferation in response to autologous
myeloma Id or to KILH at concentrations up to 100 ug/ml
over proliferation to medium alone. As early as day 30
post-BMT, data suggestive of a proliferative response to
Id were noted (S.I. 1.9 at 50 ug/ml Id). This initial
result was confirmed on day 60 post-BMT with the
definitive demonstration of a proliferative response to Id
at more than one concentration (S.I. of 4.8 and 2.0 at 50
and 20 ug/ml, respectively). As is apparent, significant
PBMC proliferative responses to the KILH carrier protein
were also detectﬁble in the recipient at these two
timepoints post-BMT, despite the fact that the recipient

had not been vacclnated to Id-KIH.
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Serum antibody responses to myeloma Id were not
detectable in the recipient either pre- or post-BMT at any
of the timepoints measured. However, a low titer antibody
response to the KLH carrier (approximately 1:8 endpoint
titer) was detectable on day 60 post-BMT, but not at
timepoints thereafter.

Marrow aspirates performed on date 30 post~BMT
demonstrated 40-45% cellularity and 3-5% dysplastic plasma
cells. On day 60 post-BMT, Cellularity was 30~35% with 1%
plasma cells. Day 3 post-BMT and day 60 post-BMT Y-
chromosome in situ hybridization studies on marrow
aspirates showed 99 and 100% Y-chromosome positive cells,
respectively, indicating normal donor engraftment. Serum
protein electrophoresis (SPEP) on day 28 post-~BMT
demonstrated a decline in the M component to 2.5 gm/dl,
and on days 60 and 90 post-BMT further declines to 1.9 and
0.4 gm/dl, respectively.

During attempts at mobilization, the patient
sustained two spontaneous fractures of her right and left
hips. These necessitated prosthetic hip replacements 80
and 95 days post-BMT. Careful pathological sectioning of
the removed femoral heads revealed no evidence of multiple
myeloma. The patient's rehabilitation continued slowly,
and she was discharged from the hospital on day 140 post-
BMT. Further serial determinations of the patient's serum
M component on days 180 and 220 post-BMT were 0.7 and zero
(established by immunofixation), respectively. However,

on day 270 post-BMT an M-spike was again noted by
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immunofixation, although no guantitation was available.
At the time of her last follow-up on day 350 post-BMT, the
patient was clinically well with a white blood cell count
of 4800, absolute neutrophil count of 3120, hematocrit of
34.5%, a platelet count of 166,000, and a serum M
component of 0.7 gm/dl. There was no evidence of active
GVHD.

Day 60 post-BMT idiotype-responsive PBMC cultures
derived from the patient were stimulated continuously with
autologous myeloma Id, irradiated feeder cells, and IL-2
at two week intervals for a periocd of two months. Flow
cytometry analysis of the resultant cell line revealed >
94% CD3" CD4" CD8  CD16 CD14 CD19 CD56  lymphocytes. This

expansion and restimulation of recipient PBMC produced a

T-cell line which retained responsiveness to autologous Id

at a concentration as low as 10ug/ml and which gradually

lost all responsiveness to KIH.

Purified T-cells, free from contaminating feeders,
were prepared from cultures of the idiotype-~specific T-
cell line by Ficoll-Hypaque gradient centrifugation and
then subjected to Y-chromosome hybridization analysis.
Unrelated male and female PMBC preparations were used as
controls. Greater than 95% of cells analyzed from the
preparations of the.recipient T-cell line hybridized with
the Y-chromosome probe, thus establishing the donor origin
of this cell line.

As of mid-November 1994, the patient has still

experienced no myelomic relapse. The follow-up data,
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therefore, further demonstrates that PBMCs isolated from
the recipient are CD-4+ T-cells, which proliferate in
response to Id. The follow-up data alsc demonstrates by
chromosomal analysis that the PBM T-cells isolated from
the recipient originated from the donor. Thus, the follow-
up data further demonstrates the first successful transfer
of donor immunity against an immunoglobulin idiotype of a
recipient's tumor cells.

The preceding examples are intended to illustrate but
not limit the invention. While they are typical of those
that might be used, other procedures known to those
skilled in the art may be alternatively emploved.

Throughout this application various publications are
referenced by numbers. Following is a complete citation
to the publications. The disclosures of these
publications in their entireties are hereby incorporated
by reference into this application in order to more fully

describe the state of the art to which this invention

pertains.
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CLAIMS
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1. A composition comprising puritied hematopoietic cells which are primed to produce

an immunological response to foreign tumor specific antigen.

2. The composition of claim 1, wherein the tumor specific antigen comprises an

immunoglobulin 1diotype.

q

3. The composition of claim 2, wherein the immunoglobulin 1diotype further comprises

the entire immunoglobulin molecule.

4 The composition of claim 1, wherein the immunoglobulin 1diotype 1s an IgG kappa.

5. The composition of claim |, wherein the tumor specific antigen 1s selected from the

group comprising Ras oncoproteins and p33.

6. The composition of claim |, wherein the hematopoietic cells are bone marrow cells.

7. The composition of claim |, wherein the immunological response 1s a proliferation of

peripheral blood mononuclear cells.

8. The use of a composition comprising purified hematopoietic cells which are primed to
produce an immunological response to foreign tumor specific antigen, for improving
transplantation of hematopoietic cells from a donor 1o a recipient to treat a hematopotetic cell

tumor 1n the recipient.

9. The use in accordance with claim 8, wherein the tumor specific antigen comprises an

immunoglobulin idiotype.
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10. The use 1n accordance with claim 9, wherein the immunoglobulin 1diotype further

comprises the entire immunoglobulin molecule.

11. The use 1n accordance with claim 9, wherein the immunoglobulin idiotype is an IgG
kappa.
12.  The use in accordance with claim 8, wheein the tumor specific antigen 1s selected

from the group comprising Ras oncoproteins and p33.

13. The use 1n accordance with claim 8, wherein the tumor specific antigen 1s conjugated

to an immunogenic molecule.

14. The use in accordance with claim 13, wherein the immunogenic molecule 1s keyhole

l[impet hemocyanin.

13. The use in accordance with claim 8, wherein an adjuvant i1s administered with the
antigen.
16. The use 1n accordance with claim 15, wherein the adjuvant 1s SYNTEX adjuvant

formulation 1.

17.  The use in accordance with claim 8, wherein the hematopoietic cell tumor i1s a B-cell
malignancy.
18. The use in accordance with claim 8, wherein the hematopoietic cell tumor 1s selected

from the group comprising a myeloma, a lymphoma and a leukemia.

19. The use 1n accordance with claim 8, wherein the donor’s hematopoietic cells are bone

marrow cells.
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20. The use 1n accordance with any one of claims 8 to 20, wherein the purified
hematopoietic cells are produced by a method comprising immunizing the donor’s
hematopoietic cells with an antigen specific for the recipient’s tumor prior to transplanting

the donor’s immunized hematopoietic cells to the recipient.
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