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METHOD FOR GENE THERAPY INVOLVING
SUPPRESSION OF AN IMMUNE RESPONSE

This application is a continuation-in-part of
pending U.S. application Serial No. 07/877,368, filed on
May 4, 1992 by Lang et al., which is a continuation of
abandoned U.S. application Serial No. 07/707,972, filed
on May 23, 1991 by Lang et al., which is a continuation
of abandoned U.S. application Serial No. 07/478,049,
filed on February 2, 1990 by Lang et al., which is a
continuation to abandoned U.S. application Serial No.
07/071,4621, filed on July 9, 1987 by Lang et al.

FIELD OF THE INVENTION
The present invention relates to a method for

suppressing the capacity of a mammal to mount an immune
response caused by the administration of one or more
immunogenic therapeutic material (s), such as gene vectors
or their expression proteins used in applications to gene

therapy.

BACKGROUND
Foreign proteins or DNA, such as genetic material or

vectors for gene therapy, O©Or their derivatives, have
therapeutic properties and are administered to patients
suffering from certain diseases. However, as discussed
later, the immunogenicity of the said foreign proteins,
nucleotides, DNA or vectors, Or of their derivatives, may
vitiate the treatment and hence this invention provides
an improved method for the treatment of such diseases.
Gene therapy is the insertion of a functioning gene

into the cells of a patient (i) to correct an inborn
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error of metabolism (i.e., genetic abnormality or birth
defect resulting in the deficiency of the patient with
respect to one or more essential proteins such as enzymes
or hormones), or (ii) to provide a new function in a cell
(Kulver, K.W., "Gene Therapy", 1994, p. xii, Mary Ann
Liebert, Inc., Publishers, New York, NY).

When the host is totally deficient of the inserted
gene from birth, the new protein expressed by this gene
--when the latter is inserted into the appropriate cell
of an adult host-- would be expected to induce in the
host an immune response against itself. Hence, (i) the
host would produce antibodies or cytotoxic cells to the
"new" protein, and (ii) this immune response would not
only combine and neutralize and thus inactivate the
function of the "new" protein, but may also lead to
untoward therapeutic complications due to formation of
immune complexes. It is, therefore, not surprising that
gene therapy has proven successful in adenosine deaminase
(ADA) deficiency, i.e., in children deficient of ADA from
birth, which is manifested by the absence of functional
T lymphocytes and consequently to the severe combined
immunodeficiency (SCID) syndrome. The reported success
of gene therapy in young children deficient of ADA from
birth is related to the immunodeficient status of the
child, as no immune response can be generated against the
foreign therapeutic genetic material. As a corollary,
gene therapy would be successful if it is instituted from
birth, when it is relatively easy to induce immunological
tolerance to a foreign immunogenic material.

Foreign immunogenic materials, such as biologic
response modifiers or their derivatives, often have
therapeutic properties and are, therefore, administered
to patients suffering from certain diseases. However, as
a result of the immunogenicity of the foreign materials,

or of their derivatives, for the reasons stated above the
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insertion of the appropriate gene may vitiate the desired
therapeutic effects. This invention provides a method
for overcoming this inherent complication due to the
immunogenic capacity of the expressed protein, and is
therefore considered to represent a novel and an
essential improvement for the treatment of such diseases.

As background to the present invention:

Chen, Y., Takata, M., Maiti, P.K., Mohapatra, S.,
Mohapatra, S.S. and Sehon, A.H., disclose that the
suppressor factor of Ts cells induced by tolerogenic
conjugates of OVA and mPEG is serologically and
physicochemically related to the aR heterodimer of the
TCR. J. Immunol. 152:3-11, 199%4.

Mohapatra, S., Chen, Y., Takata, M., Mohapatra, S.S.
and Sehon, A.H. disclose "Analysis of TCR o chains of
CD8* suppressor T cells induced by tolerogenié conjugates
of antigen and monomethoxypolyethylene glycol:
Involvement of TCR a-CDR3 domain in immuno-suppression."
J. Immunol. 151:668-698, 1993.

Bitoh, S., Takata, M., Maiti, P.K., Holford-Stevens,
V., Kierek-Jaszczuk, D. and Sehon, A.H., disclose that
"Antigen-specific suppressor factors of noncytotoxic CD8*
suppressor T cells downregulate antibody responses also
to unrelated antigens when the latter are presented as
covalently linked adducts with the specific antigen."”
Cell. Immunol. 150:168-193, 1993.

Bitoh, S., ULang, G.M., Kierek-Jaszczuk, D.,
Fujimoto, S. and Sehon, A.H., disclose "Specific
immunosuppression of human anti-murine antibody (HAMA)
responses in hu-PBL-SCID mice." Hum. Antibod. Hybridomas
4:144-151, 1993.

Bitoh, S., Lang, G.M. and Sehon, A.H., disclose the
"Suppression of human anti-mouse idiotypic antibody

responses in hu-PBL-SCID mice." Hum. Antibod. Hybridomas
4:144-151, 1993.
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Dreborg, S. and Akerblom, E., disclose the safety in
humans of "Immunotherapy with monomethoxypolyethylene
glycol modified allergens." 1In: S.D. Bruck (Ed.), CRC
Crit. Rev. Ther. Drug Carrier Syst. 6:315-363, (1990).

Generally the term antigen refers to a substance
capable of eliciting an immune response and ordinarily
this is also the substance used for detection of the
corresponding antibodies by one of the many in vitro and
in vivo immunological procedures available for the
demonstration of antigen-antibody interactions.

Similarly, the term allergen is used to denote an
antigen having the capacity to induce and combine with
reaginic (i.e., IgE) antibodies which are responsible for
common allergies; however, this latter definition does
not exclude the possibility that allergens ~may also
induce reaginic antibodies, which méy include
immunoglobulins of classes other than IgE.

As used herein, the term antigenicity is defined as
the ability of an antigen (immunogenic material) or
allergen to combine in vivo and in vitro with the
corresponding antibodies; the term allergenicity or skin
activity is defined as the ability of an allergen to
combine in vivo with homologous reaginic antibodies
thereby triggering systemic anaphylaxis or local skin
reactions, the latter reactions being the result of
direct skin tests or of passive cutaneous anaphylactic
(PCA) reactions; and the term immunogenicity in a general
sense is the capacity of an antigen or allergen, or of
their derivatives produced in vitro or processed in vivo,
to induce the corresponding specific antibody response.

In relation to this invention, tolerogens are
defined as immunosuppressive covalent conjugates
consisting of an antigenic material (immunogenic
proteins, etc.) and a water-soluble polymer (see e.g.

Sehon, A.H., In "Progress in Allergy" (K. Ishizaka, ed.)
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Vol. 32 (1982) pp. 161-202, Karger, Basel; and US patent
specification No. 4261973) .

In the present context and claims the term tolerogen
thus refers to a conjugate consisting of an immunogenic
material (protein or polynucleotide) and a nonimmunogenic
conjugate, said tolerogen being immunosuppressive in an
immunologically specific manner with respect to the
antigen which is incorporated into the tolerogenic
conjugate irrespective of the immunoglobulin class which
is downregulated; furthermore, the tolerogen may comprise
a conjugate of an essentially nonimmunogenic polymer and
an immunogenic bioclogically active product or derivative
of the genetic material used for gene therapy.

The therapeutic administration of foreign
immunogenic material induces an immune responsé leading
to the formation of antibodies of different
immunoglobulin classes. Hence, on repeated
administration, the material may form complexes in vivo
with such antibodies leading to a poor therapeutic effect
by virtue of its being sequestered and neutralized by the
antibodies, or to anaphylactic reactions by combination
with reaginic antibodies, or to other untoward
conditions, i.e. immune complex diseases due to the
deposition of antibody-antigen complexes in vital tissues
and organs.

Wilkinson et al. "Tolerogenic polyethylene glycol
derivatives of xenogenic monoclonal immunoglobulins",
Immunoloqy Letters, Vol. 15 (1987) pp. 17-22, discloses

the criticality of the administration time of a

tolerogenic conjugate to a non-sensitized individual at
least one day prior to challenge with an antigen.

The present invention overcomes deficiencies of the
prior art, providing a means for inducing a priori
tolerance to a protein or polynucleotide in an individual

deficient of the given protein Or polynucleotide, thus
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making the administration of gene therapy --which
involves the generation of immunogenic material in a
patient deficient of the corresponding gene-- possible
and effective.

Fig. 3 shows the effect of tolerogenic conjugates on
the IgG response were the same as those used in Fig. 1.
As illustrated in Fig. 3, administration of 50 ug of OA-
mPEG,  resulted in the maximal suppression, i.e. of the
order of 98% of the primary anti-OA IgG response, which
was determined 14 days after the first injection of the
sensitizing dose of OA by a radio-immunocassay employing
the paper radio immunosorbent procedure.

SUMMARY OF THE INVENTION
Gene therapy procedures as currently practiced --

involve the administration by itself of a foreign genetic
material, or of its biologically active products-- do
have certain disadvantages and limitations which are
primarily due to their potential immunogenicity in the
host deficient of the corresponding gene. The objectives
of the present invention aim at overcoming the above
mentioned complications by suppressing the production of
antibodies to the foreign therapeutic genetic material
and of its expression products, and of thus ensuring the
efficacy of gene therapy by the prior administration of
immunosuppressive doses of tolerogenic conjugates
consisting of therapeutically active and potentially
immunogenic materials coupled to nonimmunogenic polymers,
thus overcoming or minimizing the risk of inducing
anaphylactic reactions or immune complex diseases. Thus,
the main objective of the invention aims at suppressing
substantially an immune response to the protein resulting
as a consequence of successful gene therapy, which
response would undermine the therapeutic efficacy of a

biologically active genetic material and which may also
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cause untoward physiological reactions (e.g. anaphylaxis
and/or immune complex diseases).

The invention provides a method for conducting gene
therapy comprising administration to a mammal of an
immunosuppressing effective amount of a tolerogenic
conjugate comprising the genetic material and/or its
expression product (i.e., the protein of which the
patient is deficient) and monomethoxypolyethylene glycol
having a molecular weight of about 500-35,000 daltons,
preferably 4,500-10,000 daltons, and more preferably
3000-6000 daltons, the above administration being at
prior to administration of the therapeutic genetic
material for gene therapy, wherein said method results in
the specific suppression of the immune response and the
active development of specific tolerance to said
therapeutic genetic material and/or its = expression
product (s) . Preferably the tolerogenic conjugate is
administered at least one day prior to the therapeutic
genetic material.

In a preferred embodiment the therapeutic genetic
material is selected from nucleotides, DNA, RNA, mRNA,
attached to appropriate vectors for expression of the
required therapeutic protein.

In a more preferred embodiment gene therapy vectors
include Moloney murine leukemia virus vectors, adenovirus
vectors with tissue specific promotors, herpes simplex
vectors, vaccinia vectors, artificial chromosomes,
receptor mediated gene delivery vectors, and mixtures of

the above vectors.

BRIEF DESCRIPTION OF THE FIGURES
Figures 1, 2 and 3 show diagrams illustrating the

efficiency of the invention. The percentages in brackets
of Figs. 1 and 3 represent the degree of suppression with

respect to the minimal immune response in animals
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receiving phosphate buffered saline (PBS) in lieu of the
conjugates.

Figure 1 shows the results of experiments clearly
demonstrate the stringent dependency of the suppress-
ogenicity of mPEG conjugates on their molecular
composition.

Fig. 2 shows treatment with different conjugates at
doses of 10 ug and 50 ug per mouse revealed marked
differences in their suppressogenic capacity. It is also
to be noted that at a dose of 150 ug, all conjugates were
highly suppressive and at 600 ug (data note shown) all
the compounds tested suppressed completely the IgE

response.

DESCRIPTION OF THE INVENTION

The objectives of the present diébovery are
accomplished by a method, wherein an immunosuppressively
effective amount of a tolerogen incorporating a foreign
genetic material or its active derivative(s) is
administered to the mammal prior to the administration of
the foreign genetic material or its biologically active
derivative(s). The tolerogenic conjugate is preferably
administered to individuals who have not received a prior
treatment with the foreign genetic material or its
product, i.e. to unsensitized individuals.

The invention will provide improved methods for gene
therapy of different human diseases which can be
ameliorated or eliminated by the administration of the
appropriate genetic materials, etc. or their therapeutic
derivatives, of which the patient is deficient. The
tolerogenic conjugates may be synthesized by covalent or
noncovalent attachment of nonimmunogenic polymers to
natural or synthetic biologically active proteins such as
for example (i) murine or rat monoclonal antibodies to

human T-cells which have been used to suppress transplant
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rejection (Colvin, R.B. et al.; Fed. Proc. 41 (1982) p.
363, Abstr. 554) or as '"miracle bullets" for the
destruction of tumors (Froese, G. et al.; Immunology 45
(1982) p. 303-12, and Immunological Reviews 62 (1982),
Ed. G. Mdller, Munksgaard, Copen-hagen), (ii) enzymes,
such as superoxide dismutase (Kelly, K. et al.; Cdn. J.
of Physiol. Pharmacol., 609 (1982) p. 1374-81) or

L-asparaginase (Uren, J.r. et al.; Canc. Research 39
(1979) p. 1927-33), or (iii) natural or synthetic
hormones.

In the presently best developed and therefore also
currently best preferred mode of the invention, the
tolerogen is a covalent conjugate between
monomethoxypolyethylene glycol (mPEG) with moleéular
weight in the range of 2000-10,000 daltons and a foreign
protein such as ovalbumin (OA), which served as a model
protein. According to this modality, tolerogens of
appropriate composition (i.e. consisting of the genetic
material or its expression product and an optimal number
of mPEG chains attached to it covalently) substantially
suppress the formation of antibodies of different classes
(e.g. IgE and IgG) which are directed specifically
against the genetic material per se and/or against its
expression product (s). The latter case is exemplified by
OA or its covalent derivative with a number of 2,4-
dinitrophenyl groups (DNP), 1i.e. OA-DNP,, where n
represents the average number of DNP groups coupled per

one OA molecule.

Animal model
The acceptability of the mouse as an experimental

model for correlation to human utility in the present
experiments is evidenced by Dreborg et al. "Immunotherapy
with Monomethoxypolyethylene Glycol Modified Allergens".

page 325, which indicates that similar results were
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achieved in humans and mice and thus confirms mice are an
acceptable experimental model for evaluation of mPEG-
modified allergens. See also Antibodies: A Laboratory
Manual, Cold Spring Harbor Press, 1988, p. 93, which
indicates that laboratory mice are an acceptable
experimental animal model for examining the immune
response, and that mice, 1in particular, possess
appropriate characteristics for studies of the genetics

of the immune response.

The tolerogen employed
As water-soluble polymers to be used for the

preparation of a tolerogen, polyethylene glycols, having
molecular weights in the range of 2,000 to 35,000, have
proved to be effective. Polyethylene glycols in this
context also include physiologically | acceptable
derivatives thereof, such as mono-alkyl ethers,
preferably the monomethyl ether, whereby the remaining
single terminal hydroxyl groups of the molecules are
conveniently used for coupling to the protein.

Also other water-soluble polymers (macromolecules)
may be used, such as polyvinylalcohols, polyvinyl-
pyrrolidones, polyacrylamides and homo- as well as
hetero-polymers of amino acids, polysaccharides (e.g.
pullulan, inulin, dextran and carboxymethyl cellulose) or
physiologically acceptable derivatives of these polymers.

For the covalent coupling of such polymers to the
genetic material or its antigenic expression molecules,
chemical methods normally wused for coupling of
biologically active materials to polymers may be used.
Such methods include coupling by means of mixed
anhydride, cyanuric chloride, isothiocyanate, reaction
between SH derivatives and CH,I ‘derivatives of the
reacting molecules. However, it is obvious to the

workers skilled in the art that other appropriate
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chemical methods may be used to lead to the production of
conjugates of desired compositions.

The coupling reaction is made between active groups
in the antigen molecules and in the polymer molecules.
If necessary such groups may have to be introduced into
said molecules before the coupling reaction. Such active
groups are for example -NH,, -NCS, -SH, -OH, -CH,I and
COOH and they may be introduced according to well -known
methods, if not already present in the molecules used for
the production of tolerogenic conjugates.

In order to minimize the liberation in vivo of the
immunogenic and/or allergenic constituent(s) of the
tolerogenic conjugates and to maximize their
effectiveness at a low dose, it is desirable that the
covalent 1link between the water-soluble polYmer and
protein or its active derivative (s) should be as stable
as possible under physiological conditions.

The coupling of the polymer onto the antigenic or
genetic material must, as mentioned above, have been
carried out to such an extent that the conjugate is
rendered tolerogenic, as well as substantially non-
allergenic and substantially non-immunogenic. In other
words the tolerogens must retain a certain number of
epitopes of the unmodified antigen, as long as their
immunogenicity has been decreased to that they do not
induce the formation of antibodies which may cause
unacceptable adverse reactions.

To achieve tolerogenicity, the degree of
substitution, also referred to as the degree of
conjugation, which is defined as the number of polymer
molecules coupled per antigen molecule, varies from one
antigen molecule to another depending on the nature and
size of the antigen and on the polymer and its molecular
weight. Therefore, for the synthesis of a tolerogenic

conjugate of a given antigen it 1is essential to
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synthesize a series of conjugates with different degrees
of substitution and then establish the special range
wherein the above mentioned requirements are fulfilled.
Too low a degree of substitution may result in conjugates
still endowed with allergenic and immunogenic properties,
and too high a degree of substitution may result in
conjugates which are not tolerogenic. One of skill in
the relevant art will be able to optimize the degree of
substitution using the disclosure as example. The
optional substitution range is one in which tolerogeni-
city is achieved. One of skill in the art can perform
the steps outlined in the specification and arrive at the
appropriate degree of coupling of the nonimmunogenic
polymer onto the antigenic protein so as to achieve the
claimed properties. In a preferred emobodiment, a ratio
of 2-12 mPEG per antigenic protein is preferred (see
Tables 5-7).

In view of the finely tuned homeostatic balance of
the immune response, which may be easily perturbed either
upwards or downwards by the administration of a given
antigen depending on its dose, state of aggregation and
route of administration, as well as the presence or
absence of adjuvants, it is critical when practicing the
invention for treatment of appropriate disease
conditions, that the tolerogenic conjugates be
administered in such a manner as to lead to the down-
regulation of the immune response with respect to one or
more classes of immunoglobulins directed against the
unconjugated biologically active product of the genetic
material. Hence, in practicing this invention for
treatment of appropriate diseases, the tolerogenic
conjugates are to be injected in absence of adjuvants
since the adjuvants may counteract their suppressogenic
effects. However, the inclusion of adjuvants along with

the unconjugated immunogenic material in the examples
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given below was justified so as to stimulate in
experimental animals the enhanced production of
antibodies in a relatively short time and to thus test
under more stringent conditions the capacity of the
tolerogenic conjugates to suppress the immune response in
these animals even under these extreme conditions which
are particularly favorable for enhancing the immune

response.

The foreign genetic material or vehicle

In the claims and in the specifications, proteins
and polypeptides are used synonymously. In the present
context and claims the term foreign genetic material
refers to a nucleotide, DNA, RNA, mRNA, plasmid, which
are used as carriers of the gene and/or the gene itself
responsible for the expression of the appropriate protein
or protein derivative (fragments included), which are
substantially immunogenic in the animal to be treated.
The term biologically active antigenic protein as used
herein includes preproteins, protein fragments, and gene
fragments which express active proteins.

According to one aspect of the invention the genetic
material should be therapeutically effective. Many such
proteins, vectors, DNA are known per se (Culver, K.W.,
nGene Therapy", 1994, p. xii, Mary Ann Liebert, Inc.,
Publishers, New York, NY, incorporated herein by
reference in its entirety). For the purposes of example
only, vectors may be selected from the group consisting
of Moloney murine leukemia virus vectors, adenovirus
vectors with tissue specific promotors, herpes simplex
vectors, vaccinia vectors, artificial chromosomes,
receptor mediated gene delivery, and mixtures of the
above vectors. Gene therapy vectors are commercially
available from different laboratories such as Chiron,

Inc., Emeryville, California; Genetic Therapy, Inc.,
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Gaithersburg, Maryland; Genzyme, Cambridge,
Massachusetts; Somatx, Almeda, California; Targeted
Genetics, Seattle, Washington; Viagene and Vical, San
Diego, California.

The effective doses (amounts) and formulations
commonly used are also known and may be applied to the
present invention, although the invention potentially may
employ reduced or increased doses. 1In principle, both
the biologically active foreign genetic material or its
derivatives, as well as the corresponding tolerogenic
conjugates, may be administered parenterally in a soluble
form in isotonic solution and after removal of
aggregates by centrifugation. Moreover, to destroy
unwanted cells, such as cancer cells or the host’s
cytotoxic cells responsible for auto-immune diseases, one
may insert genetic material consisting in tandem of the
DNA specific for the carrier of the bullet (e.g., an
antibody molecule directed to a cell marker) and the DNA
representing the bullet (e.g., toxins represented by
ribosome inactivating proteins) into the patient.

Time intervals for the administration
21ME 1ntervals rfor the administration

For the induction of immunological tolerance to a
given protein the protocol followed according to the
invention comprises the administration initially of an
immunosuppressively effective dose (amount) of tolerogen,
which is given prior to the administration of the
therapeutically active protein or its product. If
necessary, this dose may be portioned and given on
repeated occasions. The immunosuppressive dose which is
given may vary from tolerogen to tolerogen, but it has to
be administered prior to the entry of the protein into
the host’s system. According to the principles outlined
in the examples, the practitioner skilled in the art can
determine the variables such as dose of tolerogen and the
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minimum interval of time between its administration and
the appearance of the immunogenic protein in the host’s
system. See, for example, references discussed in
background of the invention. However, it is to be
expected that gene therapy, resulting in the production
of a "new" protein in the protein-deficient patient, has
to be preceded by administration of the specific
tolerogenic conjugate, i.e., the conjugate comprising the
same protein and capable of suppressing selectively the
immune response of the host with respect to the protein
in gquestion.

Generally the tolerogenic conjugate may Dbe
administered at any time prior to the administration of
the foreign antigenic protein or genetic material. A te
period of at least one day prior to the administration of
the foreign genetic material is preferred.' In a more
preferred embodiment, the tolerogenic conjugate is
administered at least seven days prior to administration
of the foreign genetic material. The immunosuppressive
dose refers to the amount of tolerogen required to
substantially reduce the immune response of the patient
to the protein or to its derivative(s) which will be
produced as a result of the gene therapy. According to
one mode of the invention, further doses of the tolerogen
may be given in conjunction with the protein or its
derivative(s), i.e. after the primary administration of
the tolerogen. This mode may represent one way of
sustaining the suppression and may offer a more efficient
therapeutic regimen for the disease condition for which
the treatment has been designed.

The invention will now be illustrated by some non-
limiting examples wherein OA and its tolerogenic mPEG
derivatives have been applied as model substances to
confirm the usefulness of the proposed immunosuppressive

treatment of a well-established animal model commonly
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utilized in the field of immunology. The conjugates will
be designated as OA-(mPEG), where n represents the

average degree of conjugation.

EXAMPLE 1

Preparation of OA-mPEG conjugates having different

degrees of substitution
The conjugates used in the experiments given below

have been prepared by coupling mPEG molecules to OA
essentially according to the procedure described by
Abuchowski et al. (J. Biol. Chem. 252, 3518, 1977
utilizing cyanuric chloride as one of the possible
coupling agents. To begin with, in the experiment
described the "active intermediate" consisting of an mPEG
molecule attached to cyanuric chloride was preparedﬁ

It was found that the most important condition of
this reaction was that all reagents be completely
anhydrous and that the reaction mixture be protected from
atmospheric moisture because of its high susceptibility
to hydrolysis. Among various methods used for the
synthesis of the "active intermediate", the example given
below illustrates the general procedure. (See also
Jackson, C. -J.C., Charlton, J.L., Kuzminski, K., Lang,
G.M. and Sehon, A.H. "Synthesis, isoclation and
characterization of conjugates of ovalbumin with
monomethoxypolyethylene glycol using cyanuric chloride as
the coupling agent. Anal. Biochem. 165: 114, 1987,
incorporated herein by reference in its entirety.)

Monomethoxypolyethylene glycol (2.5 g. mol wt 5590,
Union Carbide) was dissolved with warming in anhydrous
benzene (40 ml) and a portion of the benzene (20 ml) was
removed by distillation to azeotrope off any water in the
polymer. Cyanuric chloride [(CNCl),, 0.83 g, Aldrich,
recrystallized from benzene] was added under nitrogen

followed by potassium carbonate (0.5 g. anhydrous
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powdered) and the mixture stirred at room temperature for
15 hours. The mixture was then filtered under dry
nitrogen and the filtrate mixed with anhydrous petroleum
ether (ca 50 ml, b.pt. 30-60°C) in order to precipitate
the polymer. The polymer was separated by filtration
under nitrogen, dissolved in benzene (20 ml) and
reprecipitated with petroleum ether. This process was
repeated seven times to insure that the polymer was free
of any residual cyanuric chloride. The active
intermediate was finally dissolved in benzene, the
solution frozen and the benzene sublimed away under high
vacuum to leave a fine white powder.

Elemental analysis of the intermediate confirmed
that it contained 2 chlorine atoms. The intermediate,
corresponding to  Cyee.3Higr.70127.2N2Cl; with an"avefage
molecular weight of 5,738 daltons would have a
theoretical composition in percentages of C, 53.65; H,
8.92; N, 0.73; Cl, 1.24; which agrees with its determined
composition of C, 53.51; H, 8.89; N, 0.77; Cl, 1.08.

The chloride content of the intermediate was also
determined by hydrolysis and titration of the chloride
released with silver nitrate. Thus, the activated
intermediate (120 mg) was dissolved in water (10 ml) and
the pH adjusted to 10 with dilute sodium hydroxide.
After heating at 90°C for two hours, the solution was
cooled and the chloride titrated with silver nitrate
(0.001N), using a chloride ion selective electrode to
indicate the endpoint. The chloride content of the
activated intermediate was found to be 2.1, consistent
with the structure shown above.

The OA [40 mg, purified by chromatography on
Ultrogel® AcA-54 (LKB, Bromma, Sweden)] was dissolved in
sodium tetraborate buffer (4 ml, 0.1 M, pH 9.2) and the
activated mPEG added to the solution at 4°C. The amount

of activated mPEG was varied to prepare conjugates of
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differing degrees of polymer substitution. Mole ratios
(mPEG/OA) used to prepare specific conjugates are given
in Table 1. The polymer-protein mixture was stirred for
one half hour at 4°C and then one half hour at room
temperature. The reaction mixture was desalted by either
dialyzing for four days against running distilled water
or by passing through a column of Sephadex® G-25
(Pharmacia Fine Chemicals AB, Uppsala, Sweden).

A DEAE-cellulose or DEAE-Sephacryl® (Pharmacia Fine
Chemicals AB, Uppsala, Sweden) column (5 cm by 30 cm) was
equilibrated with phosphate buffer (0.008 M, pH 7.7).
The salt free OA conjugates were applied in water and the
free (unbound) mPEG washed through the column with the pH
7.7 buffer. Free mPEG was detected on thin layer
chromatography [Camag (Kieselgel DSF-5, Terochem Lab Ltd,
Alberta) eluant 3:1 chloroform/methanol] uéing iodine
vapor for development. After removal of the free mPEG
from the ion-exchange column, sodium acetate buffer (0.05
M, pH 4.0) was used to elute the conjugate. The
conjugate fractions were dialyzed and lyophilized to give

the dry conjugates.

Table 1

Preparation of OA-mPEG, Conjugates

Conjugates?® Preparation ratio® % mPEG®'® 0]\
OA-mPEG32 10:1 26 70
OA'mPEGs.s 25:1 36 47
OA-mPEG, 25:1 42 47
OA-mPEG,, ¢ 50:1 51 41

OA-mPEG,, , 50:1 52.4 38
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a The degree of substitution, n, is calculated by the
formula
% _mPEG mol wt OA
% OA X mol wt mPEG
b Mole ratio mPEG:0A based on a molecular weight of
5.740 for mPEG-dichlorocyanurate and 44.460 daltons
for OA.
€ The percentages of mPEG by weight were determined

by nuclear magnetic resonance (NMR).

d The percentages of protein by weight were
determined by the biuret method.

€ The total compositions of the conjugates, as
calculated form the NMR and biuret analysis, are
only of the order of 90% of the samples by weight;
the difference of the order of 10% is attributed to
moisture absorbed by the conjugates and/or to small
amounts of DEAE-cellulose leaching from the column.

EXAMPLE 2

Determination of the immunosuppressive effect on the IgE

response of different OA-mPEG, conjugates

The results of experiments illustrated in Fig. 1
clearly demonstrate the stringent dependency of the
suppressogenicity of mPEG conjugates on their molecular
composition. Thus, whereas treatment of groups of four
(B6D2) F1 mice each with 50 ug of OA-mPEG, ,, or OA-mPEGs ¢,
or OA-mPEG, one day prior to intraperitoneal
immunization with the sensitizing dose, consisting of 1lug
of OA and 1 mg Al (OH),, led to essentially complete (99-
100%) abrogation of the primary anti-OA IgE response, as
measured --on day 14 after immunization-- by PCA in
hooded rats, the more substituted conjugates, i.e. OA-
mPEG,, ., and OA-mPEG,; ,, inhibited the anti-OA IgE
response, respectively, only to the extent of 94% and
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50%. In this and the following examples, the weights of
the conjugates given correspond to their protein content.

EXAMPLE 3

Long lasting suppression of the IgE response by protein-
mPEG conjugates in contrast to a transient suppressive
effect of unconjugated protein

It is to be noted that even unmodified OA was
capable of downregulating the primary IgE response in
relation to the response of control mice which had
received PBS instead of OA or conjugates. In this
experiment three groups of four (B6D2)F1 mice each
received phosphate buffered saline, or 50 ug of OA-mPEG, .
or 50 ug of OA. All animals were bled on day 10, 14, 21,
27, 35, 42 and 49 and their IgE titers were determined by
PCA in hooded rats. As illustrated in Table 2, it is
important to point out that whereas the suppressogenic
effect of OA-mPEG conjugates was long-lasting, the down-
regulating effect of free OA was of short duration and,
in actual fact, its administration predisposed the
animals to an anamnestic response which reached, after
booster immunization (administered on day 28), 1IgE
antibody levels equivalent to those of control animals
which had received PBS and the two sensitizing doses of
one antigen. The results given in Table 2 clearly
demonstrate that a tolerogenic conjugate injected prior
to repeated administration of the corresponding free

protein essentially abrogated the immune response.
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Table 2
Effect of administering 50 ug of OA-mPEG, ; or of free OA

one day prior to immunization

Day of bleeding after PCA titers for groups of
primary immunization mice treated with
PBS OA OA-mPEG, ¢
10 5,120 40 < 4
14 1,940 40 < 4
21 1,280 40 < 4
27 640 40 < 4
35 1,920 1,920 160
42 2,560 1,280 160
49 5,120 N.D." 160

On day 28 all three groups received a booster dose of the

sensitizing OA preparation.
* N.D. = not determined

EXAMPLE 4 _
The effect of different doses of the tolerogen on the IgE

response
Each OA-mPEG conjugate was injected into groups of

4 mice each at the four doses of 10 ug, 50 ug, 150 pg and
600 ug. The control group of mice received PBS as

placebo.
As is evident from Fig. 2, treatment with different

conjugates at doses of 10 ug and 50 ug per mouse revealed
marked differences in their suppressogenic capacity. It
is also to be noted that at a dose of 150 pug, all
conjugates were highly suppressive and at 600 ug (data
note shown) all the compounds tested suppressed

completely the IgE response.
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EXAMPLE 5

The effect of different doses of the tolerogen on the IQE
response

The sera used in Fig. 3 to illustrate the effect of
tolerogenic conjugates on the IgG response were the same
as those used in Fig. 1. As illustrated in Fig. 3,
administration of 50 ug of OA-mPEG,, resulted in the
maximal suppression, i.e. of the order of 98% of the
primary anti-OA IgG response, which was determined 14
days after the first injection of the sensitizing dose of
OA by a radio-immunoassay employing the paper radio
immunosorbent procedure (Kelly, K.A. et al.; J. Immunol.
Meth. 39 (1980) p. 317-33) utilizing OA bound to the
paper and with ,,;I-labelled affinity purified sheep

antiserum to mouse IgG.

EXAMPLE 6
The suppressive effect of OA-mPEG,, on IgM, IgG, and IgE
plaque forming cells (PFC) in spleen and lymph nodes.

One mg of OA-mPEG,, (containing 10 mPEG groups with
an average mol wt of 10,000 daltons, which were coupled
per OA molecule by the succinic anhydride method (Wie,
S.I. et al., Int. Archs. Allergy appl. Immun. 64, 84
(1981)) or PBS was administered intraperitoneally to each
group of four (B6D2)F1 mice each one day prior to
immunization with 1 ug of DNP,-OA in 1 mg Al (OH),.

On several days thereafter the spleen, as well as
the mesenteric, parathymic and inguinal lymph nodes were
removed and assayed for IgM, IgG, and IgE anti-DNP PFC
(Rector, E.S. et al., Eur. J. Immunol. 10, p. 944-49
(1980). In Table 3 are given the numbers of PFC in the
above tissues 10 days after immunization; from these data
it is evident that treatment with this tolerogen markedly
reduced the number of IgM, IgE, and IgG PFC in all
tissues examined. Therefore, these results support the



10

15

20

25

30

35

WO 96/14874 PCT/IB95/00995

The

23

claim that the tolerogens shut off the immune response

rather than neutralize the circulating antibodies.
Table_ 3

effect of OA-mPEG,, on the suppression of IgM, IgG, and

IgE

plagque forming cells (PFC) in spleen and lymph nodes
Anti-DNP PFC per 10° cells from different tissues*

Antibody Parathymic Mesenteric Inguinal
Class Treatment Spleen Nodes Nodes Nodes
IgM PBS 2,150 2,950 Nd Nd *+

OA-mPEG 900 200 Nd Nd
IgG PBS 15,350 78,550 5,000 Nd

OA-mPEG Nd 1,300 Nd Nd
IgE PBS 10,410 16,530 11,140 300

OA-mPEG 500 950 400 Nd

Each tissue sampling represents a pool from 4 mice
Nd = undetected

The above experiments establish the immuno-
suppressive effects discussed above and the effects at

the various dosages.

EXAMPLE 7

In addition, utilizing the hu-PBL-SCID mice, it was
demonstrated that in accordance with the phenomenon of
"linked immunological suppression", cross-specific
suppression of the human antibody response could be
induced to murine mAbs which differ in their antigen
binding specificities from those of the murine mAbs which
had been incorporated into the tolerogenic conjugates, on
condition that both mAbs shared the same heavy and light
chains. Thus, that pan-specific suppression of the
"human" antibody responses against murine monoclonal
antibodies (i.e., HAMA responses) of the IgG class could
be achieved with 8 tolerogenic mPEG preparations, each

consisting of one of the 4 gamma chains and of one of the
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two types of light chains of murine IgG (Bitoh, S., Lang,
G.M., Kierek-Jaszczuk, D., Fujimoto, S. and Sehon, A.H.
Specific immunosuppression of human anti-murine antibody
(HAMA) responses in hu-PBL-SCID mice. Hum. Antibod.
4:144-151, 1993).

Hybridomas

The utility of this technology for therapeutic
strategies in man, which necessitate the administration
of immunogenic Biological Response Modifiers (BRMs), is
apparent.

The safety of administration of mPEG conjugates of
different allergenic proteins has been established in
clinical trials in a number of countries in close to 300
patients afflicted by a variety of allergies medicated by
IgE antibodies (Dreborg, S. and Akerblom, E. Immuno-
therapy with monomethoxypolyethylene glycol ‘modified
allergens. In: S.D. Bruck (Ed.), CRC Crit. Rev. Ther.
Drug Carrier Syst. 6:315-363, (1990)) .

It is to be emphasized that the function of the
mPEGylated protein in the present strategy is to induce
Suppressor T (Ts) cells which recognize the epitopes
shared by both the unmodified and the mPEGylated BRM. In
other words, this technology leads to conversion of
antigens not only to nonimmunogenic, but most importantly
to actively immunosuppressive molecules, which induce
immunologic tolerance with respect to the original
unmodified protein antigen. By contrast, the purpose of
some other workers and companies utilizing mPEG
conjugates of BRMs is to only reduce their immunogenicity

i.e., without converting them to active tolerogens, and

to thus only increase their half-life in circulation.
The discovery that pretreatment of a host with
tolerogenic mPEG conjugates of a given protein Ag,
followed by administration of the unmodified Ag, results
in abrogation of the host'’s capacity to mount an antibody

response to the Ag in question has a direct utility in
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some forms of "gene therapy" which would result in the
production of the protein corresponding to the gene in
question, on condition that the host would have been
deficient of the gene responsible for the expression of
the particular protein from birth (see, Sehon, A.H.
Suppression of antibody responses by chemically modified
antigens, Carl Prausnitz Memorial Lecture, XVIII
Symposium Collegium Internationale Allergologicum, Int.
Arch. Allergy appl. Immunol. 94:11-20, 1931; Takata, M.,
Maiti, P.K., Kubo, R.T., Chen, Y-H. Holford-Stevens, V.,
Rector, E.S. and Sehon, A.H. Cloned suppressor T cells
derived from mice tolerized with conjugates of antigen
and monomethoxypolyethylene glycol. J. Immunol. 145:2846-
2853, 1990; and Takata, M., Maiti, P.K., Bitoh, S.,
Holford-Stevens, V., Kierek-Jaszczuk, D., Chen, Y., Lang,
G.M. and Sehon, A.H. Downregulation of helpef T cells by
an antigen-specific monoclonal Ts factor. Cell. Immunol.
137:139-149, 1991).

On the basis of well known immunological principles,
it would be obvious that in conditions when the host is
totally deficient, from birth, of the gene which has to
be inserted after the maturation of the immune system,
the protein expressed by the gene in question induces in
the host an immune response against itself, (since the
host with a normal immune system would not have been
rendered from birth tolerant to the protein in question) .
Thus, (i) the immune response of the host to this protein
would be manifested in the production of antibodies or
cytotoxic cells by the host to the "new" protein, and
(ii) this immune response would not only neutralize the
"new" protein, but may also lead to diverse therapeutic
complications due to formation of "immune complexes"
consisting of the resulting antibody-antigen aggregates.

Clearly, the one condition for which gene therapy
has proven to be an effective therapeutic modality is
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adenosine deaminase (ADA) deficiency, which results in
the impairment of T lymphocytes and hence in the severe
combined immunodeficiency disorder (SCID) in children
deficient of ADA from birth. Therefore, it is not
surprising that Dr. Culver was successful in developing
a curative gene therapy for this condition by treating
the SCID kids by infusion of their own "ADA gene-
corrected cells".

However, unless gene therapy is instituted from
birth, when it is relatively easier to induce
immunological tolerance to a foreign genetic material or
its expressed products, than in adulthood after
maturation of the immune system, the success of gene
therapy in hosts with a well formed immune system would
be wundermined by the above-mentioned complicatidns.
Hence, to avoid these complications, the induction of
immunological tolerance to a well-defined protein Ag, by
pretreatment of the host with tolerogenic mPEG conjugates
of the corresponding Ag, i.e., Ag(mPEG),, is indispen-
sable for the success of gene therapy in disease
conditions, when the same protein is expressed by the
inserted gene, since this protein would induce
deleterious immune response against itself in the host.

The present invention is the confirmation and
extension of the earlier discovery of induction of
immunological tolerance by immunosuppressive Ag(mPEG),
conjugates to therapies involving the insertion of new

genes into the host with an intact immune system.

EXAMPLE 8

Thus, in accordance with the present invention, prior
to beginning of gene therapy, i.e., prior to insertion of
a new gene into a host which is required for expression
of a protein beneficial to the host, e.g., one of the

deficient clotting factors or enzymes, it is essential to
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render the host tolerant to the protein in question by

the use of the invention described.

EXAMPLE 9
The expressed protein material of the cystic

fibrosis transmembrane conductance regulatory gene (CFTR)
(Genzyme, Cambridge, Massachusetts) for the treatment of
cystic fibrosis is dissolved in sodium tetraborate buffer
(4 ml, 0.1 M, pH 9.2) and the activated mPEG added to the
solution at 4°C. The amount of activated mPEG is varied
to prepare conjugates of differing degrees of polymer
substitution. Different mole ratios (mPEG/gene product)
are used to prepare specific tolerogenic conjugates as
described earlier. The polymer-gene product mixture is
stirred for one half hour at 4°C and then one half hour
at room temperature. The reaction mixture is desalted by
either dialyzing for four days against running distilled
water or by passing through a column of Sephadex® G-25
(Pharmacia Fine Chemicals AB, Uppsala, Sweden) .

A DEAE-cellulose or DEAE-Sephacryl® (Pharmacia Fine
Chemicals AB, Uppsala, Sweden) column (5 cm by 30 cm) is
equilibrated with phosphate buffer (0.008 M, pH 7.7).
The salt free mPEG conjugates of the cystic fibrosis gene
product are applied in water and the free (unbound) mPEG
washed through the column with the pH 7.7 buffer. Free
mPEG is detected on thin layer chromatography [Camag
(Kieselgel DSF-5, Terochem Lab Ltd, Alberta) eluant 3:1
chloroform/methanol] using iodine vapor for development.
After removal of the free mPEG from the ion-exchange
column, sodium acetate buffer (0.05 M, pH 4.0) is used to
elute the conjugate. The conjugate fractions are
dialyzed and lyophilized to give the dry conjugates.

Conjugates of the CFTR gene are administered to a
patient at least one day prior to transfer of the cystic

fibrosis transmembrane conductance regulator gene to lung
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tissue using recombinant adenoviral vectors or liposomes.

EXAMPLE 10

The expressed protein material of the low density
lipoprotein receptor (LDLr) gene used in the treatment of
familial hypercholesterolemia is dissolved in sodium
tetraborate buffer (4 ml, 0.1 M, pH 9.2) and the
activated mPEG added to the solution at 4°C. The amount
of activated mPEG is varied to prepare conjugates of
differing degrees of polymer substitution. Different
mole ratios (mPEG/gene product) is used to prepare
specific tolerogenic conjugates as described earlier.
The polymer-gene product mixture is stirred for one half
hour at 4°C and then one half hour at room temperature.
The reaction mixture is desalted by either dialyzing‘for
four days against running distilled water or by passing
through a column of Sephadex® G-25 (Pharmacia Fine
Chemicals AB, Uppsala, Sweden).

A DEAE-cellulose or DEAE-Sephacryl® (Pharmacia Fine
Chemicals AB, Uppsala, Sweden) column (5 cm by 30 cm) is
equilibrated with phosphate buffer (0.008 M, PH 7.7).
The salt free mPEG conjugates of the LDLr-gene products
are applied in water and the free (unbound) mPEG washed
through the column with the pH 7.7 buffer. Free mPEG is
detected on thin layer chromatography [Camag (Kieselgel
DSF-5, Terochem Lab Ltd, Alberta) eluant 3:1
chloroform/methanol] using iodine vapor for development.
After removal of the free mPEG from the ion-exchange
column, sodium acetate buffer (0.05 M, pH 4.0) is used to
elute the conjugate. The conjugate fractions are
dialyzed and lyophilized to give the dry conjugates.

Conjugates of the LDLr gene product are administered
to a patient. Hepatocytes are grown in the laboratory
and genetically altered with a murine retroviral vector

containing LDLr gene. The cells are reinfused through
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the hepatic artery to the liver of the patient at least

one day after administration of the conjugate.

TABLE 4
DEPENDENCE OF IMMUNOSUPPRESSIVE EFFECTIVENESS OF PROTEIN

(mPEG), CONJUGATES ON THE AVERAGE DEGREE OF CONJUGATION

(n)®

TABLE 4: SUPPRESSION OF ANTIBODIES TO OVALBUMIN (OVA)

Degrees of Suppression of the Anti-OVA Antibody
Conjugate ** Responses Compared to Responses in Control Mice Which

Had Received Saline in lieu of the Conjugate*+**

IgE antibody IgGl antibody
OVA (mPEG), , 99% 86%
OVA (mPEG). ¢ 100% 91%
OVA (mPEG), ¢ 100% 98%
OVA (mMPEG),, ¢ 94% 90%
OVA (mPEG),, . 50% 86% __
* The value of n for each conjugate was calculated by dividing the micromoles

of MPEG (determined by NMR) by the micromoles of protein (determined by the
Biuret assay).

h respect to protein content of each conjugate)

*w A single dose of 50 ug (wit
ion with OVA.

was administered into mice seven days prior to immunizat
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*++ The degrees of suppression for IgE and IgG antibodies were calculated,
respectively, by the formulae:

[1 _ __mean of PCA titers of test group

, X 100%
mean of PCA titers of control group]

[1 _ mean of ELISA titers of test group

: X 100%
mean of ELISA titers of control group]

**++ The molecular weight of the mPEG used for this conjugation was 6200 daltons.

****+From Table 4 it can be seen that ratios of mPEG of 3.2, 6.6, 7.6, 10.6 and
11.9 to one antigenic protein, for example OVA, are preferred.

TABLE 5 .
TABLE 5: SUPPRESSION ANTIBODIES TO SAPORIN (SAP)
Degrees of Suppression of the Anti-
Conjugate’ SAP Antibody Responses’’
IgE antibody IgGl antibody

SAP (mPEG), 100% 94%

SAP (mPEG), 100% 96%

SAP (mPEG),, 100% 99%
=5
* A single dose of 100 pug (with respect to protein content of each conjugate)

was administered into mice seven days prior to immunization with SAP.
*x Please see explanatory notes in footnote "**+*" to Table 4.
*++* The molecular weight of the mPEG used for this conjugation was 3000 daltons.

From Table 5 it can be seen that ratios of mPEG of 6, 7 and 11 to one antigenic

protein, for example SAP, are preferred.
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TABLE 6
TABLE 6: SUPPRESSION OF ANTIBODIES TO HUMANIZED MURINE IgG (H,IgG)
e
Conjugate’ Percent Suppression of the IgGl
Anti-H IgG antibody responses®’
HmIgG (mPEG),, 91%
HmIgG (mPEG) 5 94%
HmIgG (mPEG),, 98%
HmIgG (mPEG),, 98%
HmIgG (mPEG),, 97%
— —

* %

A single dose of 200 ug (with respect to protein content of each conjugate)
was administered into rats seven days prior to immunization with H,IgG.

Please see explanatory notes in footnote "***" to Table 5.

*** The molecular weight of the mPEG used for this conjugation was 3000 daltons.

*+**From Table 6 it can be seen that ratios of mPEG of 32, 36, 39, 40, and 41 to

one antigenic protein, for example IgG, are preferred.

10

15

Table 7 shows a list of gene therapy systems which
have been approved by the Recombinant DNA Activities
Committee of the National Institutes of Health. However,
no consideration appears to have been given to overcoming
the potential complications due to the host mounting an
immune response against the respective gene products.
Clearly, if the patient had been producing from birth
these proteins, he/she would be tolerant to them, i.e.,
and gene therapy would not necessitate the strategy of
the described invention if the patient has retained
his/her tolerance between the shutting off of his/her own
genes producing the desired protein and the time of
initiation of gene therapy by transfer of the gene in
association with an appropriate "vehicle" for the renewed
production of the protein. The table also shows a list
of health disorders for which chromosomal locations are

known which are considered treatable by gene therapy.
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Disorder (gene used)

Cells altered (vector)

Adenosine deaminase
deficiency” (ADA)

Brain tumors
(MDR-1)

Brain tumors (primary and
metastatic) (HS-tk)

Brain tumors (primary)*
(HS-tk)

Brain tumors (primary and
metastatic) (HS-tk)

Brain tumors (primary and
metastatic) (HS-tk)

Brain tumors (primary)
(anti-sense IGF-1)

Brain tumors (primary)*
(HS-tk)

Brain tumors (primary and
metastatic) (HS-tk) .

Breast cancer
(IL4)

Breast cancer
(MDR-1)

Breast cancer
(MDR-1)

Colorectal cancer
(IL-4)

Colorectal cancer
(IL-2 or TNF-a gene)

Colorectal cancer
(HLA-B7 and
B2-microglobulin)

Colorectal cancer
(aL-2)

Cystic fibrosis®
(CFTR)

Cystic fibrosis®
(CFTR)

Cystic fibrosis
(CFTR)

T-celis and stem cells

(retroviral)
Stem cells (retroviral)
Tumor cells (retroviral)
Tumor cells (retroviral)
Tumor cells (retroviral)
Tumor cells (retroviral)
Tumor cells

(DNA transfection)
Tumor cells (retroviral)
Tumor cells (retroviral)
Fibroblasts (retroviral)
Stem cells (retroviral)
Stem cells (retroviral)

Fibroblasts (retroviral)

Tumor cells (retroviral)

Tumors cells (liposomes)

Fibroblasts (retroviral)

Respiratory epithelium
(adenoviral)

Respiratory epithelium
(adenoviral)

Respiratory epithelium
(liposomes)

PCT/IB95/00995

Disorder (gene used)

Cells aitered (vector)

Cystic fibrosis®
(CFTR)

Cystic fibrosis®
(CF TR)

Cystic fibrosis®
(CFTR)

Familial
hyperchoiesterolemia®
(LDLr)

Gaucher disease’
(glucocerebrosidase)

Gaucher disease?
(glucocerebrosidase)

Gaucher disease®
(glucocerebrosidase)
Gaucher disease
(glucocerebrosidase)
HIV infection
(Mutant Rev)
HIV infection
(HIV-1 1l env)
HIV infection
(HIV-1 1IIB Env and Rev)
HIV infection
(HIV-1 ribozyme)
Leptomeningeal
carcinomatosis
(HS-tk)
Malignant melanoma
(iL-4)
Malignant melanoma
(IL-2)

Malignant melanoma
(IL-2)

Malignant melanoma
(IL-2)

Malignant meianoma
(IL4)

Malignant melanoma
(HLA-B7)

Respiratory epithelium
(adenoviral)

Respiratory epithelium
(adenovirai)

Respiratory epithelium
(adenoviral)

Liver cells (retroviral)

Stem cells (retroviral)

Stem cells (retroviral)

Stem cells (retroviral)
Stem cells (retroviral)
T cells (retroviral)
Muscle (retroviral)
Muscle (retroviral)

T celis (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)
Fibroblasts (retroviral)

Tumor cells (liposomes)
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Disorder (gene used)

Cells altered (vector)

Malignant melanoma
(HLA-B7 and
B,-microgiobuilin)

Malignant melanoma
(TNF-a or IL-2)

Malignant melanoma
(interferon-vy)

Malignant melanoma
(87

Neuroblastoma®
(IL-2)

Non-small cell lung
cancer

(p53 or antisense K-ras)

Ovarian cancer
{(HS-tk)
Ovarian cancer (MDR-1)

Ovarian cancer (MDR-1)

Renal cell carcinoma
(IL-2)

Renal cell carcinoma
(iL-4)

Renal cell carcinoma
(TNF-a or IL-2)

Renal cell carcinoma
(GM-CSF)

Smali cell lung cancer
(IL-2)

Solid tumors
(HLA-B7 and
B2-microglobulin)

Tumor cells (liposomes)

T celis or tumor cells
(retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)

Tumor cells (retroviral)
Stem cells (retroviral)
Stem cells (retroviral)
Tumor cells (retroviral)
Fibroblasts (retroviral)

Fibroblasts (retroviral)

Tumor cells (retroviral)

Tumor cells
(DNA transfection)
Tumor cells (liposomes)
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Disorder Location Disorder Location
1]-Beta-hvdroxysteroid dehydrogenase |AMP dexminase deficiency. esythrocyte) (1) ip21-p13
A deficiency (1) . Che.! Amyloid neuropathy, familial, several aliehic types (1) 189112421
$Betayydroxymaroid dehydrogenase, Amyloidosis, ceredroarterial. Duteh type (1) 21q21.3-922.05
ope [1, deBidiency (3) ’ 1plsl Amylotdosis. Finnish ype. 105120 (1) 994
3-NHydroxyacyl-CoA dehydrogenase deficiency (1) Che? Axyleldasia, hereditary resal, 106200 (1) 28
S Katothielass deficlency (1) 11422.34q28.1 Amyloidasis. lowa type. 1076800010 (1) 11423
AarskogsScotl symdrome (£) Xplt 2l {?Amyloidosis, secondary. susceptibility 1) (1) 1921-q23
*Abetalipoproteinemia (1) 3 Amyloidosis, senile systemic () 18411.2-q12.)
| Acanthocytasis, one formj (1) 17q21q22 Amyotrophic laternl aclercais, juveails (2) 2q33q25
Acataissemia (1) 11p13 Amytrophit lateral sclevosus, one form, 105400 (3) 2iq22.)
Acetyl-CaA carboxylase duficiency (1) 172} ?Anal cana) carcinoma (2) 11q22-qter
Acid-maultase deficiency, adult (1) 17q23 Analbuminemia (1) 4qli-913
Acoustic neuvoma (2) 229122 “Anemia, megatoblastic, due to DHFR deficiency (1) 8q11.2913.2
TAcrocaliesal syndrems (2) 121339112 Anemis, pernicious, congenital, due Lo deficiency of
ACTH deficieney (1) 2p26 intrinste factor (1) Che.11
Acyl-CoA dehydrogenase, long chaih, deficiency of (1) 2034935 YAnemia, sideroblastic, with spinocerebellar ataxia (2) Xgl3
Acvl-CoA dehydrogenase, medium chain. deficiency of (1)  1p31 Anemia, sideroblastic/hypochromie (3) Xpll.2l
Acyl-CoA dehvdrogenase, short chain, deficiency of (1} 12q23-qter Aneyrysm. fumilial. 100070 (1) 2931
Adenylosuccinase defictency (1) 22913.1 Angeiman syndrome (2) 159114913
Adrenal hyperplasia, congenital, due to | 1-bata-hydroxyiase Angiocdems. heredinary (1) liqli-q13.1
deficiency (1) 8&q21 Anhidrotic ectodermul dysplasia (2) Xgl2.3-13.}
Adrenal hyperplasia, congenital, due to 21-hydraxylase Aniridia of WAGR syndrome (2) 1ipl3
deficiency (3) 8p21.3 Anirigia-2 (3) 1pl3
Adreral hyperplasia V(1) 102403 Ankylosing spoadylits (2) G213
Adrenal kypeplaaie, primary (2) Xp21.3p81.2 “Angphthuimas.) (2) Xq27-q28
Adrenocortical careinoma (2) TSI Anterior segment mesenchymal dysgenesis (2) 492898!
Adresscortica) carciasma, beroditary (2) 1iplb.s Antithrombin J11 deficiency (3) 1923925
Adrenoleukodystrophy (2) Xq28 ApoA-1 and apeC-11} deficriency, combuned (1) 1123
Adrenomyeloneuropathy (2) Xq28 Apohipoprosein B-100, defective (1) U
JAFP deficiency, congenitat] (1) agil-g)y {Apohipaprowein K deficxency! (1) {7523 qter
Agammagiobulinemia, type 1, X-finked (3) Xq2}.3-q22 Argininemis (1) 6q23
Apanmagiobulinemis, ype 2. X-linked (2) Xp22 Argininesuceinicaciduria (1) Teen-gl}.2
Atcardi syndrome (2) B2 Aspartylgiucosaminyria (3) 4423-q27
Alagille syndrome (2) 09112 Ataxia-teisngaciasia (2) 11922.923
Albinisma (3) 1lal4q2) { Atherascieroms. susceptibility W) (2) 18p13.3-p13.2
Ablzisn. brewn, 203280 (1) 23 ?/Ateroxierass, susceptibuuy lo] () 8p2/-pi2
Albinism, oculocytaneous, type |1 (3) 15q11.3-q12 Atopy (2) 11912913
Albinism-deainess syndrome (2) Xq28.3.q27.) Atransferninemia (1) 2l
TARright bereditary estesdysorephy-3 (3) 15g114q18 Atrial seplal defect. secundum type (2) 6p21.3
Alcohol intoterance. scuta (1) 12q24.2 Aulonomic failure due to DBH deficicncy (i) 9¢34
?Aldolase A deficiency (1) 16q2¢-924 Basal cell nevus svndrome (2) $q3!
Aldemervaim, glomeortenid-remediable (1) 8q3! Batten disense (2) 16pi2
Allan-Herndoh syndrome (2) Xq2) ?Battan disease, one form, 204200 (1) 15q24-q25
Alpha- 1-antchymotrypsin defictency (1) 149321 Becker muscuiar dystrophy (3) Xp21.2
Alpha-NAGA deficiency (1) 22q1) Reckwith-Wiedemann syndrome (2) lipter-plb.4
Alphs-halassemis/wenta) retardation syndress, Bernard-Souhier syndrome (1) 1Tpterpl2
opel (1) 16pterpls s Blepharophimosis. epcanthus invers and ptasis (L) J922q28
Alpha-thalassemia‘mental retardation syndrome, type 2 (2) Xql2-q21.31 Blocom syndrome (2) 16q28.1
Alport syndrome, 301050 (3) Xe22 Borjeson-Forssman-Lehmann syndrome (2) Xq26-Q27
Alveslar protainasis, congeaital. 265120 (1) Car2 Bornholm eve disease (2) Xq28
Alzheimer disense, APP related (3) 21921.3.q22.05 Branchicotic syndrome (2) 8133
"Alzheimer disease- (2) 2lq “Breast cancer (|) 17p13.3
Alzheimer disane-$ (2) 14924.3 Breast cancer (1) 6q24-q27
Alzheimet disense.2, late onset (2) 15cen-q13.2 Breasi cancer. ductal (2) 1p36
Amelogenesis imperfecta (1) Xp22.3-p22.) Breast cancer. duetal (2) Che.13
TAmeiogenais imparferts-3, Rypoplastie typs (2) Xq22428 Breast cancer: |, early onset (2) 17q21
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Brody myopathy (] ) Chelé Colorblindaess, tritan (2) Tq23-qter
Burkiut tymphoma (3) 8924,12-24.13 Colorecta adenama (1) 12912,
Cla deficiency (1) 1936.3-p34.1 Colorectal caneer (1) 129121
Cl1/Cls delicrency. comdined () 12p13 Colorectal cancer (1) 18q23.3
C2 deficrancy (3) 6p213 Coiorectal cancer (1) 8q21
CJ deficiency () 19p13.3-p13.¢ Colorectal cancer, 114500 (3) 17913.1
C3b inartvator deficiency (1) 4928 Colorecial cancer (3) Setle2
Cd deficrency (3) 6p213 Combined C8/C7 deficreney (1) Spl3
CS deficiency (1) 9934.} Combined variabie hypogammagiobulinemia (1) 1408233
C6 deficiency (1) S5pis Congenital blistaral abmencs of vas deforeas (1) Te812
C17 daficiency (1) Spl3 TCesstrancal easdias asamalies (2) 25411
C8 deliciency, ype | (2) 1932 Contractural arachnodactyly, congenital (3) Che$
C8 dehierency, ype () (2) 1p32 Coproporpmyria (1) Ches
€9 delicrency (1) Spl3 Cornelia de Lange syndrome (2) 3q28.3
Campemelic ¢ysplsaia-] (2) 17q24.8q26.1 {Coronary srtety disease, susceptibility to) (1) 6427
Carhamoviphosphate synthetuse ) deficiency (}) 2p Cortisol resistance (1) 5q31
|Cartonue anhydrase { deficiency) (1) 8q22 CR} dehicrency (1) 1e32
Carbexypepcidase B saficiency (1) Q=19 TCranietrentesasal dywiasis (2) Xpurp222
Cardromyopathy ()) 2038 Cranissysamasis, type 0 (2) Sq3equar
Cardiomyopatny, dilated. X-linked (]) Xp21.2 Cramiosynostoss, type ) (2) 1p21.8-p21.2
Cardiomyspathy. familial kypergephic, 1. 192600 (3)  leql2 |Creatine xinase, brain Wype. ectopse expression of} (2} 14q32
Cardiemyopatky. familial hyperorophle, 3 (2) 198 Crevtafeidi-Jakod duease. 123400 (3) Wpter-pl2
Cardromyopathy. familisl hypertrophic, 3 (2) 152 CriplerNaper syndroms, type [, 218300 (1) Car2
Cartiage-hair nypeplasia (3) pisqll *Cryprorchidisen (2) Xp2)
Cat-eve synarome (2) 241) 7Cutis laxa, marfancid neonatal type (1) 13114313
TCataract. antervier polar, § (2) 14q24quer |Cynathiominuria| (1) - Chlé
"Cataract. congenital wtal (2) Xp Cyatic fAbvasts (3) Te312
Catarsct. congutital, with micrepbthalnmia (2) 109183 Cystinwris (3) 14922
Cataract. Coppoek-like (3) 2033938 TCystimuria, 220100 (1) 2puarg3s
Caturact. Marner type (2) 16221 Deafness, conducuive. wilh siapes fixation (2) Xql8921.)
Cararact. zonutar puiverutent-) (2) 1q2 Deafness, low-tone (2) $qdlqdd
CD3. ze1a craim, deficwmcy (1) 192342521} Debmsoqume seantanly (1) 20918.]
Cencral core dissase (3) leql2 Dentinogenesis imperfecta- (2) 4q13q2)
Contyui cove drarase of muscie (2) 19913.1 Denys-Drash syndrome (1) 11pl3
Centroevtic tymphoma (2) 1iqld Diadetes insipiaus. nephrogenic (3) Xq28
Cerebrai amyioid angrapathy (1) 20911 Inabetes msrpnaus. neurosypophuseal, /25700 (1) 20p12
Carebra) arsriopathy with subrardeal infarcs and TDisbetes meilitus. iAsulin-dependent-1 (2) 6p21.3
leakoencrphaiopathy (2) 19412 rabetes meliitus, IRSUNR-TERIIGN!, WA OLORINGRS
Cerrdretendinous xanthomatosis (2) KQ33-quer ngracans (/) 9p132
Crroid bipafuscinesis. nevronal- 1. infaatile (2) 1p32 Disbetas mellitus. rare form (1) 119185
Cenaea) carcinoma (2) el Diastrophic dysplasia (2) Dedl-qie
|CETP dehicieney) (1) 1621 DiGeorne synorome (2) 2911
Charcot-Marie-Tooth nevropathy. simw hetve condyetion Diphenyihyaantatn toxicity (1) ipliquer
ove (3 (2) 17pl12 {Diphthena. susceptibility te) (}) 5qZ8
Charcwt-Marte-Tooth neuropathy, Slow erve conduetion DNA Mgase 1 deliciency (1) 18q13.3q18.3
type b (2) 14213023 “Dulin-Juhnson synarome (2) J3qs
Charcot-Matie. Tooth neuropathy. X-hinked- ). dominant {2} Xqi3 Duenenne muscular cysirophy (3) Xp21.2
Charcot-Marie-Tooth neurapatny. X-linked-2, recessive (2) Xp22.2 | Nsatryminemic hyperinvroxinemsy ) (1) 4qllqld
Cholestervi ester storage cisease (1) 10024:923 | Inssibuminemie nvperzincemus| (}) tllqld
?Chondrodyspiasia pasasia, rasomedic (2) Wlibpls Dvasuweemia. familial (2) 13leqYs
Chondrodyspiasia punctala. X-linked aominant (2) Xol8 Uvslibrinogenemia, sivha types (1) 4928
Chondrodvspiasia punctata. X-iinked recessve (2) Xp22.3 Inshiprinogenemia. bete tvpes (1) 4q28
Chorauderamis (3) Xgq21.2 Dysfibainogenemia, gamma types (1) 428
Chronte granulomatous disease. sytosomal. due to yskeratosis congenits (2) Xq28
deherency of CYBA (3) 16q24 *Ovslexi-) (2) 15q11
Chronic granuiomaious aisease due Lo deficrency of Dysp genemie thrombophitia (1) 6qd8-q2°
NCP-1 (1) 7qll.2 Uysprothromomemia () ) 1ipll-q12
Chronic granulomatous arsease oue to defictency of | Lystranstvecunemic mperthvroxinemia | (1) 821124121
NCF2(]) 1928 ?EEC wynarome (2} iqll.3e213
Chronic granuromatous disease. X-linked (3) Xpal.1 E EAlers-Danios syndrame, ype [\, 130080 (3 23l
JChroic Infections. due 10 upsomn defect] (1) 10q11.2-¢2! Ehlers-Laanios synarome, wme- V1. 225400 (i 1036.3-p36.2
Citrulunemis (1) 9034 ENnlers-[nanios svaarome. tvpe YIIAL, 130060 (3) 17921.31-22.08
Cleft palats. X.isnked (2) Ag13q2L.8! Ehiers-Damuos sumarome. ype V/IA2. 150060 (3) a2/
YCletdocraalal Qysplada (2) 8q22 Enters-Dantos nynarome, type X (1) 2034
CMO 1t gehicrency (1) 8q2! 1 Elhirocviosts. Malaysian-Mewanesian type| (1) 1721922
Cockayne sysdrome-2. late euscl. 310410 (2) 10411 Eliiptocvivi-1 (3) 1636.3-pis4
Coffin-Lowry synorome (2) Ap222p22 ) Elprocviosis-2 (2) 1q2!
Calsa familial. nenpuiypeuis type | (2) 2p10p15 Elotaevioss-3 (2) 14428-023.2
Colorbiinaness. biue monacnromatic (3) Xqd» Emeryv-Drmifuss muscuiar avsurophy (2) Xa2&
Colorblinuness. deutan (1 Xq2t Emphysems (!) 14032
Colarhlingness. protan (3 Xq2s Emphysems duc 10 aipha-4-inacresiodulin defictency (1) 1201339122
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Emphysema-cirrhosis (1) 1622} Glaucoma, congenital (2) Chr.ll
Endocardial Abrosiastonis-3 (2) Xq28 Gianswma, primary spes aagls (2) le2lqsl
Enelase deficiency (1) ipter-pSe.13 Glioblastoma muftiforme (2) 10pi2q232
*Losinophilic myeiopraliferstive disorder (2) 12913 Glucose/galactose malahsorption (1) 22911.2-qter
Epidermolysis dulioss ayserophica. domenans, J31750(3) Snull.$ Gistarionaidamis typs 1iC (3) Saldqur
Epidermolysis buliosa dystrophica, recessive, 226800 (3) 30318 Glutancaciduna, type I1A (1) 15q28-q25
Epidermolysis builosa. Ogra type (2) U Giutaricacidaria, ope 1B (3) Qeld
Epidermoiysis bulloss ninpiex, 131900 (3) 17413021 Gluuathioninuris (1) 2q11.1q11.2
Epidermeiyaia buiiens simpisz. Dowling-Mears Gy, Giyeerol kinase deficiency (2) Xp2).3-p2}.2
151768 (3) 13qliqls Glyewpes marage dumase M (3) 21
Epidermotysis bullosa sumplaz, Dowling-Meara type, - Giycogen storage disease V11 (1) leenq32
131760(9) 17912921 Giveogen storage disease. X-linked hepatic (2) Xp222-p32.1
Epndermolysis bulioss rmplez, peneraiized. 131900 (1)  129114]8 |Glyazaiase i} deflicrency) (1) 18p12
?Epidermolysis builosa sumplex, lacatized, 131800 (1) 12q)1q13 GM-ganghosidosis (1) 3p2)-pld.2
?Epidermotysis buliasa, Weber Cockayne oype. 131800 (2)  12qli-q13 GMZ-gangliosidasis, AB vanant (1) Ched
Epidermelytic hyparturessuls, 115008 (1) 17e31438 GM3-gangliondasis. juvenils. aduit (1) 15q23-q24
Epidarmeiytic kyperiorasnnls, 112008 (3) 14liql2 Goeminne TXCR synoroma (2) Xe28
Epidermobytic paimoplaniar kerstoderma (2) 17qllq8 Goster, adolescent. mulunoduiar (1) 8q24.2924.3
Epilopsy, benign nasuata] (2) 20q18.2418.9 Geltar, vonendemic, simple (1) 8q24.2q24.3
Epilepsy. juventte mvocionic (2) 6p21.3 Coldenhar syndreeme (2) )
Epilepsy, progressive myocionic (2) 2)q223 Gonadal dysgenesis. XY tamais type (2) Xp23-p21
Epithelioma. seif-healing squamous |, Genadal yegenanis. XY yye (1) Ypil.3
Farguson-Smith typs (2) 9931 Gonadoblastoma (2) ipld
Emnremis (1) 1921 ?Gonadotropin deficiency (2) Xo2!
Erythremuas, siphs- (}) L6pter-p13.3 Greig cramopolysyndactyly synaroms (3) 13
Erthremias, beta- (1) o155 ?0ynecomastia, familial, due to increased
Erythroblastosis fetalis (1) 1p36.3pHe aromatase activity (1) - 16a2l.i
| Brychrecytonia, famillal ], 133100 (2) 191839132 Gyrate sirophy of charaid and retina with afhithinesaia,
Erthrokeratodermin variabilis (2) 1p36.3:p34 86 responttve or unresponsive (1) 10q26
[Enthyrondal Ayper and Aypothyrannemial (1) Xo22 Harderoporpnyrinuris (1) Ched
Ewing sarcoms (3) 22412 THarmep dissase, 254500 (1) 2parqdss
Exertional myogiobinutia dus o deficrency of LDH-A (1)  11pi54 Heinz bodv anemias, aipha- (1) 16pter-pla3
Exndative viusretinepathy, Xiiaked (2) Xq2L3l Heinz body anesuas. beta- (§) 11p1s.s
Pabry discass (3) Xe22 Hemochromatosis (2) 6p21.3
Frmmm muscuiar dysvephy (2) 4985 Hemodiaiysis-relatad amyloidosis (1) 18q21-22
Factor H deficiency (1) 132 Hemolytic anemta due to ADA exeess (}) 20q18.1}
Factor V deficrency (1) 12 Hemolytc anemia due to adeaytate kinase deficiency (1) 8aM.]
Faetor VI deficieney (1) 1M Hemotylic Lremia due (0 disphosphogiyceraie mutase
Factor X deficrency (1) 1304 deficrency (1) 7e3194
Factor X) deficrency (1) 43 Hemolviie anemsa due Lo GEPD delrerency (1) Xq28
Factor X!} deficiency (1) 5q33-qter hemolytic snems dus (0 glucasepaosphaie omerase
Factor XIJ1A deficiency (3) 6p2B-p2¢ defiemcy (1) 19913.)
Factor X111D deficreney (1) 131-q32.1 Hemoiyue due 1o glut per
Familial Medusyranean fever (2) 10p)3 deficrency (1) dqllqi2
7Fancons anenna (/) lgte Hemotvtic anemia due to glutatmione reductase
Fancoms anemrg-/ (2) 20013249182 deficiency (1) Bp2l.)
Favam (1) Xo2X Hemolytie Ia due 1o bexoki deficieney (1) 10922
[ ?Fetal sicohol syndrome) (1) 12924.2 Hemolytic anemia due Lo PGK deficrency (1) Xql8
7Feia} hvdantoin syndrome (1) Ipli-qter Hemotytic anemia aue 1o phesphotructakinase deficiency (1) 2J422.3
Rdvogysplana ossyficans progresave (/) 20012 Hemoiytic anemia due to tnosephosdhate isomerase
Fish-eye disense (3) 18q22 1 defierency (1) 12p13
|Frah-odor synarome] (1) I Hemophilia A (3) Xq28
Fieweher factor defeiency (1) 435 Hemophilia B (3) Xq27.1-q27.2
Focal dermal hypoplaxa (2) Xp22.3} Hemotrnagic disthesis due 1o “anuthrombin® Pittsburgh (1)  14g32.)
Friedreich ataxia (2) 9q18-2L.1 Hemotrhagic diathesis due 1o PAIL Beficiency (1) 79219422
Fructoss intoieranos (1) 9922 7Hepaue lipase deficiency (1) 15621923
Fucondasis (1) 1984 THepatocarcinoma (1) 2ql4-q2)
Fumarase dcficiancy (1) 1gd2.] Hepatoceliuiar carcinoma (3) {e32!
GEPD dehciency (3) . Xo28 | Hereditary perusience of alpha-fetoprotein) (3) 4allql3
?Galactokinase deficryeney (1) 17q21-22 Hervditary persistance of fetas nemoglobin (3} 13p15.8
Gaiactose epimerase deficency (1) 1p36-p3s THervditary persistence of fetal hemogiobln,
Galactagemia (1) 913 hetgrocelivlar. indian type (2) 7936
Gaiactosialidosis (1) 2q13.1 THereditary perusience of fetal hemogiobin. Swiss type (2)  Xpl1.23
Gardner syngroms (3) Sqtie2 1Hermansky Pudlak syparame, 203800 (1) 15918
Gaucher disease (1) 1e2) Hers dissase. or giycogen storage cisease V1 (1) Che.l4
Gauener disease, vanant form (1) 10q2)-q22 H liut YP of fetat hemogiobin (2) 1lol$
Genbwurizary eywplsss (2) tipl I Hex A pssudodeficiency] (1) 15¢23-q24
Gersunann-Suraussier gisease, 137440 (3) 20prer-pl2 "HHH synarome (2) 1334
PGslbert rynavome. /43500 (1) Car2 {Hisudinemia] (1) 12923923
Glunzmann thrombasthena, type A (1) 17q21.32 Hoteprosencephaly, type 3 (2) 7936
Glanzmann thrombasthenia, type B (1) 17q21.32 TBeleprencaanphaly-] (2) ispurgl]
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?Holoproseneephaly-2 (2) %1 absent GH and howarski type with diotnacuve GH (3 ? 4
Reloprammapbaly4 (3) léqlllqls isavalencacidemis (1) @ is:ﬁs
THolt-Oram oyndrome (2) 14q23qU.2 Jacobesn syndroms (2) g
7Holt-Oram synarome (2) 0p13
Homacystinuris, BS-responsive and nonresponsive types (1) 214223
HPFN, deisuon type (1) 119185 Xallmann synarome (2) Xp2238
Hm.mndthpA(l) 11p16.5 ( Kappa light chain deficiency] (1) 12
HPFH, nondeletion type G (1) 119185 Keratsais folliculans spinulasa decaivans (2) Xp22.3-p21.2
HPRT-related gout (1) ' Xq28921.2 { Kininagen deficiency| (1) q26-gter
Hemaral hyperesicemua of maligrancy (1) 12p12.1p11.2 KlippabPeil syndrome (3) sell2
Huntingion diseasa (2) 163 Knsest dyspiasis (1) 12013119132
Hurier syndrome (1) 4183 7Kostmann agianyiecytosis (2) sp2l.3
Hurler-Scheie syndrome (1) 4plé3 Krabbe disease (1) 14024.349%2.]
Hydrecphalns due 1o aquatact of Syivius, 307000 (3) Xgq28 ?Lactase deficiency. adult, 223100 (1) Chr2
Hydrops fetaiss, one form (1) _ I8l I Lactase deficiency, congenital (1) Chr2
Hyperemmonema dus i CTPas deficiency (1) 191831l actoferrin-deficient neutropiils, 245480 (1) 3q21-q23
Hyperbetalipoproteinemia (1) 22 Langer-Giedion synarome (2) 3420.112¢.13
liypercaiamia, kypecniciuric, (amilial (3) 32leM Langer-Saldino achondrogenesis-nypochendrogenesis (1)  12613.119132
Hyperchoiestereiemia, famillal (3) 19p13.2-p11.1 Laren dwartiem (1) Spl3-p12
THyperglycinama, isolated nonketotic. type L (2) 922 ?Laryngeal adductor parsiysis (2) 6021.3-p21.2
Hypenmmunogiobulin G) syndrome (2) 14e3L3 {Lead pouoning. suscepubility to (1) 9034
Hynerkaiemic panodic paralysis (3) _ 17923.1-928.3 2Leromyomata. Sultiple hereditasy cutaneous (2) 18p33.32
7Hyperieucinemua-taiewcIaeMia or hypervalinemis () ) Liprarql2 Lasomyomatosis-nephropathy synarome. 308940 (1) Xq22
Hypetupoproteinamis | (1) b2 Leprechaumum (1) 199192
Myperispoprotnnemaa, iype b (1) %182 Lasch-Nynan syndrome (1) Xq26-927 2
Hypethpoproweinemia, type [}l (1) 19132 Lauarer-Siwe diseass (2) 13ql4-041
| Hyperphenylalaninemia, mild) (3) 12024.1 Laukewaa. acute iymphodiastic (1) 1991538
[*Hyperprogiucagonemis] (1) 203897 Leukemis. acute tymphebiastie (2) = 9p22-p2!
Hyperproinsuhinemis, lamilial (1) 11916 TLaukemua, acute lymphacytc, with ¢/11
THyparwmsies, emantial, 145600 (1) 17431433 transiocsuon (3) - a2l
{Hypersansion, emmtial, snacuptibiiity to) (3) ioddqls Loukomsa, acyis mywiod (3) 21e22.3
Hypenngiyceridemia. ene form (1) 11e22 Laewkemia, acute mysiond, M2 type (1) Apge.sr
THypervalinemia or hyperieucine-isoleucinemia (1) Chel9 Lavkem:a. acute pre-B-cell (2) 1923
Hypoaiphslipoprotainemis (1) 11423 Levkenua. acute premysiocytic (1) 179211
Hypobetalipoprotesnesmis (1) U Leukemia. scute promyeiocytic {2) 15q22
Hypaeaidiaric kypercainaia, ope O (2) 199188 Leukemia, scute, Teell (2) 11p13
| Hypocerujoplasminemia. neredatary] (1) 331924 Levkemia. chronic mvelold (3) 21121
Hypofibnnogenemia, gAmma types (1) 428 Leukemia. chronic myeioid (3) 9.}
TRypegiyenmis doe o FCK) daficieney (1) 2091831 Lashomia. muictiteeage (2) Card
Nypogonagism, Kypergonadotropic (1) 19q1332 Leukemia. myeloidymphoid or mixed: lineage (2) 11423
*Hypogonadism, hypogonadolropic due Lo GNRH Leukemia. T-cell acute tymphobiastee (2) 11p18
defirency. 227200 (1) ¥p21-p11.2 Laukemia. T-celi acute tymphodiasuc (2) Sedd
Hypomagnesemia, X-hnked pnmary (3) Xp22 Leukemia, Tceil acuie lympacoiasiond (2) 19p182918 |
Nypameianosis of 1 (2) 1510913 Levkemia. T-cell scute lymphoeytic (2) 10q2¢
?Hypomeianasis of )3 (2) YyZi-qter TLewkemia, transient (2) 2at).2
Mypoparsthroidism. familial (1) 1p15.9-p15.) Lewnemiu-1. T-cell scuie lymphoblastc (3) 1p32
Hypoparathyreidiste. X-linked (2) X426-927 Leukemia-2. T-cell acute tymphodiasue (3) 9a3!
“Hypophosphatasia, adulk, 146300 (1) 1p98.1-p34 Leukemiviymphama, B-ccll. § (2) 119133
Hypophosphatasia. infantile, 241800 (3) 1p36.1p34 Leukemia/tlymphoma, B-cell. 2 (2) 184213
Hypophasphatemia. hereditary (2) Xp22.2-932.1 Laukamiatymphoma. Bcell. 3 (2) 18013
*Hypopaosphatemis with deainess (2) Xo22 Leukemiatymonama. T-cell (2) 140321
Mypoprothromoinemia (1) lpllql2 Leykemiatympnoma. T-cell (2) Q)4
THypospadias-dysphagia syndrome (2) SpISp12 Leuremintymphoma, T-cell (3) 14q1).2
Hypetayroidiam, heruditary eoagealzal (1) 0924.29243 L Wie sdh delicreney (1) 223
Hypstnyroidistn, nongattrous (1) IpI3 Ui-Fraumen: synarome (] ) 17013.1
Hypothyroidism. nongostrous. due to TSN resustance (1) 14031 Lipoamide dehydrogenase deficiency (1) Tq31-Q22
Nehthyans vaigazis. 148700 (1) 192) Lpoms (2) 12313-ql4
Iemnyeasis. X-inked (3) Xp22.32 Luver celi careinoma (1) lipld-pl13
Timmotile clis syndrowms (3) o Long QT synarome (2) 11p1ss
Immunodeficiency, X-linked. walh hyperIgh (3) Xad-a27 Lowe syndrome (3) Xq28.1
Incontinenus pument. familial (2) Xq27928 Lupus erythamatosus, systemic, 152700 (1) 1923
incontinenua pigments, speradic type (2) Xpl1.2) Lymphoproliferatsve svnarome. X-tinked (2) X525
Infertile maie syndrome (1) Acon-q22 ’Lvnen cancer family synarome 1] (2) 18q13-q12
| incsine triphasphatase deficiancy] (1) 20p “Lysosoma) 3cid phosphatase deficrency (1) 1olepls
1nsemnia. fatal familial (3) 20pier-pl2 Mactocyuic anemia of dq:synarome. erefructory (2)  5ql3-q82
iasmiipdspandunt diadets meiliae-$ (3) Aq MMM anemia refraciory. of bgeyndrome,
Interieron, alpha. deficrency (1) 92l 163580 (3) Sqdl.1
[ {i cy (1) 1292¢.) Macuiar dyvoophy (1) 6p2l.iexn
?isolated growth hormone deficiency due to defect in Macuiar svsiraphy. atynical vitelliform (2} 8q24
GHRF (1) 20pll.L-quer Maruiar gyetrophy, Nortd Carolias type (2) Gqleqls.2
Isolated grawtn normnne deliciencsy, (i type watr, Macular gysorophy, vitellifers Ops (2) bigld
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Disorder Location Disorder Location
"Male interulity due 1 acrasin deliciency (3) 22913-guer Multipie endocnne nevpiasia 11 (2) 109112
Mude Infertilicy. familind (1) 1p13 Multiple endocrine neopiasia Jlf (2) 1a911.5
Male psendohermaphroditism due to defective LH (n 19q13.32 Multiple exostoses (2) 8q28-02¢.1
Malignsnt hyperthermis susceptibility-1. 145800 3) 19q23.1 Multiple ipomatosis (2} 1291914
Malignant kyperthermis susceptibliicy-2, 145808 (2) 17el134q34 (Maltiple eclareats, menptbilicy o) (2) 1
Malignant melsnoma. cutaneous (2) 1936 “Muscie giycogenosis (1) Xql24qI3
TManic-depressive sliness. X-linked (2) Xa28 Mussuiar eyuzephy. Duchenseliie, astamonal (2) 13gl3qll
Mannamdosis (1) 19912212 Muscuiar dystrophy. irmibgerdie. automma!
Mapie syrup unne dusease. type | (3) 19)38.1q13.2 domingnt (2) 522.3431.3
Mapie syrup unine guease. type 2 (i) 1p3] Muscular dystrophy, limb-girdle, autasomal recessive (2)  i6q15q22
Mapie syrup urine discase, type 3 (1) 822021 Padrema, preioakenis (3) SqsL1
Martan synarome. 154700 (3) 15q21.1 Mysiogenous leukemia, acuis (3) 5e31.]
Marotexuz-Lamy syndrome. several lorms (1) Sqll-ald Myeioperoxidase deficiency (1) 17931.3422
Martin-Bell syndrome (2) Xq213 Myoadenylate deamsnase deficiency (1) ip21-p13
MASA synarome (3) Kq28 (Myounrdial afaretion. snaceptibility o) (3) 17428
MeArdie dueass (1) ligld Myoglobinuria/hemolysis due to PGX Geficteney (1) Xql3
MeCune-Albrighs potyostotic fibrous dyspiasia, 174800 (| ) 209182 Myopaiky aue 1o CThose desicvency (1) 1pi8pl]
I Meleca phenotype| (2) Xp212-p21.1 Myopathy due to phasphogiycerate mutase deficiency (1) 3pidpl23
Meduliary tkyrout-cercinoma (2) o911 Nyopis- (2) X8
Megucoion (2) 10q11.2 Myslonia congenita, stypicai Scetazolarmde-responsive (2) 17923.1935.3
Megalocornes. X-linked (2) Xa2l.3-q22 Myossaia sageaiia. deminaat, 160800 (3) 788
Melasens. ataneses mabignant (2) M3l Mystonia congenua. recessive, 255700¢(3) 7688
Memnpema (2) 2q12.3-qter Myotonic dysirophy (2) 19q12.2+913.3
Meninmoma (3) 22q12.3911) Mystubuisr myopathy. X-linked (2) Xe28
Menkes diseuse (2) Xql1413 Myzeid liposarcoms (2) 12913q)4
Menta) retardation of WAGR (2). (17K *N synarome. 3)0468 (1) Xp22.3-p21.)
Meatal resaniation. SayderRebinscn e (2) Xp3) N Nail-patelis syndrome (2) [ ]
Thenta) retardasien, X-lUnked noasparific, Nance-Horan syndrome (2) - Xp22.3-021.1
with aphasia (3) Xpll Nematine myopathy-} (3) - 102023
Mental retardation. X-linkeg, syndromic-1, with Jewaile (2) pi8are
dystomsc movements, ataxia. and scizures (2) Xp22.2-p22.1 Neurcblastoms (2) 1p36.2-936.1
Mental retardation, X-linked, syndromic-2. with Newrsmpitholiona, 133488 (1) 11q28¢24
dysmorphism snd cervdral alrophy (2) Xpllq2] Neuroepithehoms (2) 2912
Mental retardanion, X-hnkca. syndromic-3. with Newsofidromasosis. von Rechiinghausen (3) 17el12
spastic diplegia (2) Xpliq213 Newspatky, recarrest, with prewsars paluien,
Mental retardation. X-linked. syndromic-4, with 163608 (3) 1112
congenital contractures and low fingerup arches (2) Xqls-q22 Newtrepenia. immune (2) 13
Mentai retardation. X-hnked. syndromuc-b. with _ Numann-Pick diseasa. type A (1) 1ip18.4-18.)
Dandv-Walker maliormation. basa) manghis ¢sease, Niemann-Pick disease. type B (1) 11p18.¢-15.1
and seizures (2) Xq26q27 Nosmans-Pich diasase, type € (3) 1™
Mental retardation. X:linked, syndromic-6, with Nighiblindness, congenital siauonary, type [ (2) Xpl1.2
Kvneromastia and obesily (2) Xp2l.)-q22 | New-inmlia depmmdent diaberas mellims,
Mental retardauon, X-linked: §. non-gvamorphie (21 Xp22 smacaptibility ts) (2) 19103
*Mentyl retardation. X-linked-z, noh-gysmorphie () Xallql2 Norrie disasse (2) Xplb4
Menta! retardation, X-hinked-3 (2) Xq28 Norum disense (3) 169221
Mentat retaraation-shelelal dvsplasia (2) Xq28 Nucieoside phasporviase deficiency. immunadelicoency
Metachrumatic levkodystrophy (1) 22913 3)qter dueto (i) Qi)
Metacnromatie ieysodveirophy aue to deherency of 20besity (2) 1931
SAP-1 (1) 10021922 20cular aidinsm autosomal recessive (2 6aidqld
Mrthemogiobinemia due o Atochrome b deficency (J)  Cheia Ocular aibinism. Forsius-Eriksson wpe (2) Xpli-ql)
Mctnemogiotinemua, ensymopathic (1) 22013.31qter Ocular 3ibinism. Nettieship-Falls type (2) Xp22.3
Mathemopiotinemius. atpha: ()) 18pterpld.y Omithine Uranscarbamviase deficiency (3) Xp2}.1
Methemogiobinemias, beig- hH 11p185 Orolacial cleft (2) 6pLerp2i
Methyimaionscaeidutia. mutase defictency type (1) ] Oroucacyduria (1) 3ald
Movaloaicaciduris (1) Q12 Ostecarthrosis, precocious (3) 12qJ3.11-q132
"Mrerophthaimie with hinear skin defects (2) X222 Osievornens smpevfecia. 4 cimcal forms,
Miller-Dreker issencephaty syndrome (2) 17p13.3 168200 188210. 259420, 188220 () 17¢21.31¢22.05
Mitouhendria) amples | deNesency. 252010 (1) liqls Csteosrncns smpersecia. 4 cisnacal forms
MODY, one form (3) 11p18.5 168200, 166210, 259420, 166220 {3) T2/
MODY. type | (2) 2013 TOneopetrosis, 259700 (1) Ip2i-p13
MODY. type 11, 125881 (3) 7pibpl3 Omeoporenie. idiopathic, 164710 (3) 17921.314q2208
*Moetwys svnorome (2) 139123913 Oweassrenma, 258500 (2) 1%14.14q14.2
"Monoryie carnoxvesierase deficiency (1) 16q13-q22.1 Uiopalatodigital syndrome, type | (2) Xo28
Murolipigosy 3i (1) Qa1 923 Ovanas caresoma. 167000 (2) 19qld.1qi82
Mucolindesus i (1) 4031923 Ovaran carcinoma (2) p24
Muenpoivsacenaridass § (1) 4pie3 Ovarian (ailure, premature (2) Xq28-q27
Mucopoiviacehandess 11 (2) Xqis Oxalosis § (1) 2038-q37
Memponuaharidmis [VA (3) 109343 TPaget duscase of bone (2) sp2l.y
Mueopoivsacchaniaons VB (1) Sptiplie P TPalliowar-Hall syndreme (2) P23
Muconoivsacehsndasis Vi (1) 792111 Panercauc lipuse defreieney (1) 1026
Mulupie enaocnne neopiznia | (1) )iqld *Pannypopitustansm (1) k[
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Disorder Location Disorder Location
Panhypopituitarism. X-linked (2) Xq213422 Batintiis plgmentese, axemsemns) ressmive (3) Sa2le24
Parsgangiioms (2) 1192239282 Batizitis pigmenisna, peripherisvelatad (3) [T TN
Farsmyotonis congenita, 1659 (3) 17q23.1.25.3 Ratinitis prgmentosa-1 (2) splla2l
Parsthyrord sdenomatasis | (2, 11913 Retinltis pigmentosa-3 (2) X3
TParietal feramina (2) 1ipl3pllL12 Reumitis pigmenioss-S (2) Xp2l.}
(TPeriansontem, susceptitisy o] (1) 293 Retinits pignmunad. ssiommal dominant (3) WNle2é
Faroxysmal nocturnal hemogronutia (1) Xq2.1 Raciaicls pigmestens-d (2) 3
Pelizasus- Merabacher diseas /1) Xa22 ?Ketinitis pigmentosa-6 (2) Xp2l.3p2i.2
Peiviaswraric junetios shmrucion (2) o Ratiaitis pigmeniened (2) 16,1918
?Pendred syndronss (2) L) Retinitis pigmestons-10 (2) 4
Psriodontitis. juvenile (2) 4qll-913 Rediaitls punceasa albsernms (1) H2l.lan
Persistant Muilerian duet syvzeame (1) 19p13.3-p13.2 Retinoblastema (3) 13q14.1-q14.2
Phenyiketonuria (3) 124.1 *ketinot binding protein, deficrency of (1) 10q23-924
Phenyiketonutia due 1o dikvéraevendine aductase delicveney (1) 4pl8.31 feunaschisis (2) Xo22.3-p22 1
Pheschreuscymms (2) Ip “Reit synarome (2) Xp
Phosphoribosyl pyrophasphate synthetase-related gout (1)  Xq28-q24 Rhabdomyosarcoma (2) 11p1s.5
Phosphoryiase kinase deficre=~y of iiver and muscle. Rhabdomvossrcoma. alveolar (2) 37

281750 (2) 16g12413.} Rhabdomynsarcoma. aiveolar (3) 2385
Prebaldism (3) Wi2 Rn-nuli aiseuse (1) Jeen-q22

Pituitary tumor. growhhormue~-secrenng { 1) 209132 “Rh-nult hemolvtic anemia (1) 1p36.2-p34

PK deficiency hemolytc anema (1) 1921 Rickets. vitamin D=resuzant (1) 12q)2-q)4

| Placental lactogen deficency” (1) 17022-024 Rieger synarome (2} 0sa2?

Piacental sterord sulfatase de’rmency (3 Xp22.3¢ kod menochromary (2) Chr.id

Piasmin infhibitor deficiency | . iipter-pl2 Rathmund-Thomson svadrome (2) Chrt

Plasminogen acuvater defivency (1) 8pit Ruotnstrin: Taydt syndrome (2) - 16133

Plasminogen deficiency, types i and (I {1) 628927 7hammi}Siver padrens (2) 17q26

Plasminogen Tochigs disesse (1) 6q28-977 Sesthre-Chetarn syndreme (2) o .

Plalelst alphatieita ssovage pud deficuncy (1} 1923425 Salivary glang picomorphic adenoma (2) 812
{Polw, susceptibniity o] (2) 1991324183 Sandhofl drsease (1) L 1H]
Potycystic kidney disasse (2 16p13.31-pla12 TSanfllippe dissase, cype IIC (2) - eld
Polycystic ovanian disesss () - 17gilqi2 Sanfilippo syndrome D (1) 12914
Fuiypons cols, famikial (3) Sedle Sutcomna. synoviel (2) xpll2

Pompe dissase (1) 17023 Schee syngrome (1) )63

Porpiynia, acute napatic (1) M 7Schnzophrenia (2) 5ql1.2-9133

PorphyTia. acute intermitient - ;) l1g2¢.1 QU2 Schisephreaia, chreale (3) 21421 392206

Forphyria. Chester type (2) llq { 7Schizepbrenia, susceptibility o] (3) 3q18.3

Porphyria, congenital erythrusaetse (1) 10025.2-28.3 Seierotyiasis (2) 1028431

Porphytia cutanes tsnda (1) 1034 tarvere cambined inmusodeficiency, 202500 (1) 10pibpld

Horphyria, hepatoethroporets /] ) I Severe combdined immunodeficiency due W

Porphyris vancgsta (¥) 14932 ADA geficrency (1) 2g13.1)

Poswsnestheuc apnag (1) 3q26.1-428.2 Severe combined immunodeficiency due to

Prader-Wilh syndrome (2) 15q1! 142 delicrency () 4026-927

{ Proesienguis. eanceptibily ) (3) lqdsqdd Sevwre combTRen rvmy nodeficwney,

Progressive cune eystrophy (. Xp2l.4pids HLA class Ji~negative type (1) 913

Prolidase deficrency (1) tseenqld.l] Severe commncd immunodehoieney, X-habed 300400 (1) Xqly

Properdin dcliciency. X-linked G Ap1)4-plL2Y Saort masure (2) Aptarpl.82

Propionicacidemin. type | or peza tvpe (1) 1332 *Sushdous (2} 6p21.3

Froproncacidemia, typs b or ez type (14 ydl-q22 Swekie crlf aeme (1) 119185

Protein C deficiency (1) ldald 5 Galabi-Behme) syndrome (2) Acanqg2l.3

Presia C inhidiwr defiamcy (2) 14q32.1 /NUUS INTTYIUS faarrrum (8] 142

Pretein § deficrency (1) 3pibl-all? SLE( g3

MrotwoporpAgmia. erythropownx Inptev-pld 2l Smiali-cell cancer of lung (2) 3p23-p2!

Pseudohermauhroditism, maie wth gvnecomastia (1) I7qli-ql2 “Smuh-Lpmhi-Vnia synacome (2) Tud-Quer

Psevdonypoaldosiersnism (] . Wl Smith-Magents svndrome (2) 17pll.2

Pseutdohypoparathyroidism. nige la (1) 20813.2 Spasiic parspiegia. \-hnxed, uncomuticated (2) Ay2l-q?

Pessdonagianl periscomretal sypmupadias (1) Car2 Spherecytonis. hereditary (3) 1792122

Pseudo-vitamin D dependencs ~cxets 1 (2) 124 Spherocviosis. herediary, Japanrse type (1) 15q15)

Psaudo-Zeliwegar syndrome { . Spdbpll Sphrroeviosis. recessive (1) 1a2]

7Pyridoxine dependency with sexures (1) 4! Spherocyioss-) (3) 14022:983.2

Fvropoikiiocviosis (1) 12! Soherocyvtons-2 (3} 3112

Pyruvate carbaryiase deficvenes [ { ) lig Spanst and buibue myscuiar ateonas of Keanedy,

Fyruvate dehydrogenase deficrency (1) 22222 | 113200 (3) Acen-qu2
7Habson-Mendenhali nagrome { 1) 19p13.2 Stanat muscular arrophy 11 {2) 54122133
Thagweed SenIANY | Bp21.3 Spinal museular siraphy 11 (2) agld 2glyd
Revienstein xyndroms . \een-qli Somoeerstwliar ataxin- (21 Lp2i.dp2l.2

Kens) celi carcinoma (2) dplel spinceerebeliar atrophy Ul (2) 12q2¢

| kena! glucosurial (2} 6ol Spti-hand/ioot defarmiy. tipe § (21 fullqel

Kena ;100 1=qs smarome () Rl Split-hasd/splivioot detormity, type 2 (2) Xq26

“Reunai cone dvstrophy-1 (2 bab-q2l 2 oepIPhYRral dysplaniy cnfieita () 120001182

?Reuinal cone: rod dystrephy (. Ing20.922.2 Spandvioepiphvaeal dvapiaria tarda {2) Apu

Ketiniias pagwmcntona. aniomm... VImIRGn! (] 1 Hpls Starue dasesss (2) 5033435
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Disorder Location Disorder Locatior
Stickier syndrome (3) 12413.11-33.2 Usher syndreme, type 1C (2) 11p
Sucrose intoterance ({) 3425926 Usher syndrome, type 2 (2) 1932
Sspravaivar aortic menosls (3) 7q11.2 van der Woude syndrome (2) 132
Tav-Sachs disease (}) 13q23-q2¢ Velocardlofacial syndrome (2) 2ql1
I Testicular feminizavon (|} Acen-g22 Vitrworetinopathy, exudative. familia) (2) 1113423
Thalassemias, apha: (1) lbpter-pi3.3 Vizvorstinepathy. neovasrular (nfammatory (2) 11q13
Thalassemias. bew- (1) Hplss {Vivax malaria. susceptibility to) (1) 192}q22
Thrombocviopenia. X-linked (2) Xp2l-pi! von Hippel-Lindau synarome {2) 3p26-p25
Tnrombophilia due to eievated HRG (1) 3ple-qter von Willebrand disease (1) 12prer-pl2
Tnrombaphilis due Lo excessive prasminogen activator Wasrdenturg syndrome, type | (3 2933
inhibitor (1) 7921.3.q22 Waardeabarg syndrome, typs III,
Tnrombophilia due to neparin cofacor (i 48820(3) 2435
deficiency (1) 21 Waisman parkinsonism-mental retardatien svnarome () Xq28
Tnvroid hermone resistance. 274300, 188870 (3) 3p24.3 Watson syndrome. 193520 (3) 17q11.2
Thyroud wodne pevaridase deficency (1) 53 Werdnig: Hoffmann disease (2) - 5q12.2-q13.3
Thyroid papiliary carcinoma (1) 1091 1-q12 Werner syndrome (2) 8p12-pl}
Thyrotropin-reieasing hormone deficiency (1) Che3 {Wernicke-Korsakoff syndrewe. smmceptibilicy w) (1) Pl
Torsion dystonia (2) 9932-¢4 Wieacker-Wollf syndroms (2) Xq13-q2)
Tormor dystonia-parkinsonusm. Fhipino type (2) Xql2g21.1 TWilliams-Beures syndrome (2) 4433435.1
"Tourette syndrome (2) 18q22.1 Wiims tumor (2) 11pl8
Transcobalamin 11 deficiency (1) 22q11.2-qter Wiims tumor, type 2 (2) 11p)3.8
[1ranscorun defirencyl (1) g2 Wilson disease (2) 13q14-q21
Treacher Colitns mandibulofacial dysostasis (2) 5q32488./ Wiskotl-Aldrich syndrame (2) Xpll.3pll2
Trichorhinophaiangeal syndrome, type 1 (2) 8q24.12 "Wolf-Hirschhern syndrome, 194190 (3) 4pl6.)
Trypsinogen deficrency (1) 793%-qter Wolf-HirseAhorn syndrome (2) 4pl63
{ TTuberenionia. susceptibility to) (2) 7 | Wolman disease (1) 10924-q25
Tuoerous seierosis-} (2) 933934 Wriakly skis syndrome (2) 2932
TTuberoys scierosis-2 (2) llq23 TAeroderma pigmentosum (1) - 1942
"Tuberous scierosis-3 (2) 12¢23.3 X Xeroderma pigmentosum, group B (3} 2q2]
Taberous scieranis4 (2) 16pl8 Xeroderma pigmeatame. compienentagen
Turner syndrome (]) Xq13] moup C (2) Chr.b
Tyrosinemia, type | (1) 13q23-925 Xeroderma migmentosum, group D. 278730 (1) 19q13.2-q13.3
Tvrosinems, type 1l (1) 1622.1.223 Aeroderma pigmentosum. type A (1) 9q34.)
Lirate oxidase deficreney (1) 1p2% "Aerodaerma pigmentosum, type F (2) Che.15
| ’ Urolithiass, 2.8-dinydroxvaaenine (| ) 16024 Leliweger synarome, type |1 (1) 1p22-p2)
Usher syndreme, type 1A (2) 14932 Z Leliweger syndrome-1 (2) 7911.23
Usher syndreme, type 13 (2) 11q18.6
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(reprinted from Culver, K.W., "Gene Therapy", 1994, p.
93, Mary Ann Liebert, Inc., Publishers, New York, NY).

Alternatively tolerogenic conjugates may be
submitted in accordance with United States Patent No.
5,358,710 to Sehon et al., incorporated herein by
reference in its entirety. Thus the present invention
can readily be adapted to any gene therapy protocol and
is generally applicable to the administration of any
therapeutic immunogenic material and not just the
specific examples listed above.

Gene therapy according to the existing art may be
applied to somatic cells or germ line cells by methods
known such as gold electroporation, microinjection or jet
injection, or other methods as set forth in Sambrook et
al. "Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Press (1989)" incorporated herein by reference in
its entirety.

Thus the invention provides for a method for
treating by gene therapy a mammal with a therapeutic
amount of a biologically active antigenic material or its
expression product. To retain the effectiveness of said
antigenic material (s) from <counteraction by an
antibody (ies) produced against it (them); it is essential
to suppress the capacity of the recipient of the gene to
mount an antibody response(s) to said biologically active
antigenic material(s). This method comprises:

(a) selecting a mammal which has not received
prior exposure to said biologically active antigenic
material (s) ;

(b) administering to said mammal in step (a) an
immunosuppressive effective amount of a tolerogenic
covalent conjugate of said biologically active antigenic
material, or an immunogenic fragment thereof, covalently

bound to monomethoxypolyethylene glycol of a molecular
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weight of about 2000 to 10,000, wherein said
poly(ethylene glycol) is monomethoxypolyethylene glycol
and said method suppresses the formation of about 98% of
antibodies against said antigenic genetic material or its
product, the effective amount of said conjugate
suppressing in said mammal the formation of immunoglo-
bulin antibodies against the antigenic genetic
material (s); and subsequently

(c) administering to said mammal a therapeutically
effective amount of said biologically active antigenic
genetic material alone, or a derivative thereof
synthesized by conjugating to said antigenic genetic
material the DNA expressing bioclogically or
pharmacologically active molecules, wherein said
tolerogenic conjugate of step (b) is administered at
least one day prior to said antigenic genetic material of
step (¢). The effective dosage for mammals may vary due
to such factors as age, weight, activity level or
condition of the subject being treated. The effective
dosage for animals and humans may be calculated on the
basis of the subject’s weight.

In an alternative embodiment, the invention provides
a method for suppressing the capacity of a mammal to
mount an IgG class antibody response to a biologically
active antigenic product of genetic material comprising:

(a) selecting a mammal which has not received prior

exposure to said biologically active antigenic genetic

material;
(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said

biologically active antigenic genetic material or an
immunogenic fragment thereof, covalently bound to
monomethoxypoly (ethylene glycol) of a molecular weight of
about 4,500 to 10,000, in an immunosuppressive effective

amount capable of suppressing the formation of
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immunoglobulin antibodies of the IgG immunoglobulin class
against said antigenic genetic material; and subsequently

(c) administering to said mammal a therapeutically
effective amount of said biologically active antigenic
genetic material alone or an immunogenic derivative of
said genetic material, wherein said mammal is suppressed
from mounting an IgG class antibody response to said
biologically active antigenic genetic material or
immunogenic derivative thereof, wherein said tolerogenic
conjugate of step (b) is administered at least one day
prior to said antigenic protein of step (c).

Similarly the invention provides a method for
suppressing the capacity of a mammal to mount an immune
response to a biologically active antigenic protein
comprising: . '

(a) selecting a mammal which has not received prior
exposure to said biologically active antigenic protein;

(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said
biologically active antigenic protein or an antigenic
fragment thereof, covalently bound to monomethoxy
poly (ethylene glycol) of a molecular weight of 2000 to
10,000, in an immunosuppressive effective amount capable
of suppressing an immune response against said antigenic
protein; and subseguently

(c) administering to said mammal a therapeutically
effective amount of said biologically active antigenic
protein alone or an antigenic fragment of said protein,
wherein said mammal is suppressed from mounting an immune
response to said biologically active antigenic protein or
antigenic fragment thereof.

Additionally a method for suppressing the capacity
of a mammal’s IgG class antibody mediated immune response
to a biologically active antigenic protein comprising:

(a) selecting a mammal which has not received prior
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exposure to said biologically active antigenic protein;

(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said
biologically active antigenic protein or an antigenic
fragment thereof, covalently bound to monomethoxy
poly(ethylene glycol) of a molecular weight of 2000 to
10,000, in an immunosuppressive effective amount capable
of suppressing the formation of immunoglobulin antibodies
of the IgG immunoglobulin class against said antigenic
protein; and subsequently

(c) administering to said mammal a therapeutically
effective amount of said biologically active antigenic
protein alone or an antigenic fragment of said protein,
wherein said mammal is suppressed from mounting an IgG
class antibody response to said biologically active
antigenic protein or antigenic fragment thereof, wherein
said tolerogenic conjugate of step (b) is administered at
least one day prior to said antigenic protein or
antigenic fragment thereof of step (c¢), is provided for
by the invention.

In a preferred embodiment the tolerogenic conjugate
is administered 0-7 days prior to administration of said
antigenic protein. Generally, the tolerogenic conjugate
need only be administered at some time prior to
administration of the antigenic protein. The
administration of the tolerogenic covalent conjugate may
be repeated in a preferred embodiment of the invention.

Advantageously the invention also provides a method
of preparing an animal for gene therapy comprising

(a) selecting a mammal which has not received prior
exposure to a gene therapy biologically active antigenic
protein;

(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said gene

therapy biologically active antigenic protein or an
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antigenic fragment thereof, covalently bound to
monomethoxy poly(ethylene glycol) of a molecular weight
of 2000 to 10,000, in an immunosuppressive effective
amount capable of suppressing an immune response against
said gene therapy antigenic protein, wherein said mammal
is suppressed from mounting an immune response to a gene
therapy biologically active antigenic protein or
antigenic fragment thereof.

The invention provides a composition for performing
gene therapy comprising a tolerogenic covalent conjugate
comprising a gene therapy biologically active antigenic
protein or an antigenic fragment thereof, covalently
bound to monomethoxy poly (ethylene glycol) of a molecular
weight of 2000 to 10,000, in an immunosuppressive
effective amount capable of suppressing an immune
response against said gene therapy antigenié protein.
In a preferred embodiement the composition does not
comprise an immunological adjuvant.

In a preferred embodiment the invention provides a
method for suppressing an immune response comprising the
steps of

a) administering to a mammal an immunosuppressive
effective amount of a tolerogenic conjugate including a
therapeutic protein, coupled to monomethoxy-polyethylene
glycol having a molecular weight of about 2000-10,000
daltons, at least one day prior to administration of
therapeutic protein, wherein said method results in
suppression of an immune response and the development of
tolerance to said therapeutic protein.

The effective amount of the tolerogenic conjugate is
preferably about 50-600 micrograms. The tolerogenic
conjugate may comprise about 26 to 53% mPEG.

An immunosuppressive composition comprising a
tolerogenic covalent conjugate comprising a biologically

active antigenic protein or an antigenic fragment
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thereof, covalently bound to monomethoxy poly(ethylene
glycol) of a molecular weight of 2000 to 10,000, in an
immunosuppressive effective amount capable of suppressing
an immune response against said antigenic protein. The
degree of conjugation between mPEG and the antigenic
protein is selected according to the composition, size
and conformation of the antigenic protein, such that the
degree of conjugation suppresses an immune response to
the tolerogenic conjugate.

The purpose of the above description and examples is
to illustrate some embodiments of the present invention
without implying any limitation. It will be apparent to
those of skill in the art that various modifications and
variations may be made to the composition and method of
the present invention without departing from the
underlying principles or scope of the invention. All
patents and publications cited herein are incorporated by

reference in their entireties.
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WE CLAIM

1. A method for conducting gene therapy comprising
the steps of

a) administering to a mammal an immunosuppressive
effective amount of a tolerogenic conjugate including
genetic material or its product, coupled to monomethoxy-
polyethylene glycol having a molecular weight of about
2000-35,000 daltons, at least one day prior to
administration of therapeutic genetic material for gene
therapy, wherein said method results in suppression of
the immune response and the development of tolerance to
said therapeutic genetic material or its expressed

product.

2. The method of claim 1 wherein said therapeutic
genetic material is selected from the group consisting of
nucleotides, DNA, RNA, mRNA, and vectors including said
therapeutic genetic material, and mixtures thereof, for
the expression of a deficient protein product by the

methods of gene therapy.

3. The method of claim 1 wherein the deficient
protein is expressed in the host by the use of said
vectors including said therapeutic genetic materials
which are selected from the group consisting of Moloney
murine leukemia virus vectors, adenovirus vectors with
tigssue specific promotors, herpes simplex vectors,
vaccinia vectors, artificial chromosomes, receptor
mediated gene delivery vectors, and mixtures of the above

vectors.

4. The method of claim 1 wherein said gene therapy
comprises, the administration of a cystic fibrosis
transmembrane conductance regulator gene (CFTR) or a low

density lipoprotein receptor (LDLr) gene.
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5. A method for suppressing the capacity of a
mammal to mount an immune response to a biologically
active antigenic protein comprising:

(a) selecting a mammal which has not received prior
exposure to said biologically active antigenic protein;

(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said
biologically active antigenic protein or an antigenic
fragment thereof, covalently bound to monomethoxy
poly (ethylene glycol) of a molecular weight of 2000 to
10,000, in an immunosuppressive effective amount capable
of suppressing an immune response against said antigenic
protein; and subsequently

(c) administering to said mammal a therapeutically
effective amount of said biologically active antigenic
protein alone or an antigenic fragment of said protein,
wherein said mammal is suppressed from mounting an immune
response to said biologically active antigenic protein or

antigenic fragment thereof.

6. A method for suppressing the capacity of a
mammal’s IgG class antibody mediated immune response to
a biologically active antigenic protein comprising:

(a) selecting a mammal which has not received prior
exposure to said biologically active antigenic protein;

(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said
biologically active antigenic protein or an antigenic
fragment thereof, covalently bound to monomethoxy
poly (ethylene glycol) of a molecular weight of 2000 to
35,000, in an immunosuppressive effective amount capable
of suppressing the formation of immunoglobulin antibodies
of the IgG immunoglobulin class against said antigenic

protein; and subsequently
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(c) administering to said mammal a therapeutically
effective amount of said bioclogically active antigenic
protein alone or an antigenic fragment of said protein,
wherein said mammal is suppressed from mounting an IgG
class antibody response to said biologically active
antigenic protein or antigenic fragment thereof, wherein
said tolerogenic conjugate of step (b) is administered at
least one day prior to said antigenic protein or

antigenic fragment thereof of step (c).

7. The method of claim 6, wherein said tolerogenic
conjugate is administered 7 days prior to administration

of said antigenic protein.

8. The method of claim 6, further coﬁprising,
repeating the administration of said tolerogeﬁic covalent

conjugate.

9. A method of preparing an animal for gene therapy
comprising

(a) selecting a mammal which has not received prior
exposure to a gene therapy biologically active antigenic
protein;

(b) administering to said mammal of step (a), a
tolerogenic covalent conjugate comprising said gene
therapy biologically active antigenic protein or an
antigenic fragment thereof, covalently bound to
monomethoxy poly (ethylene glycol) of a molecular weight
of 2000 to 10,000, in an immunosuppressive effective
amount capable of suppressing an immune response against
said gene therapy antigenic protein, wherein said mammal
is suppressed from mounting an immune response to a gene
therapy biologically active antigenic protein or

antigenic fragment thereof.
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10. A gene therapy composition comprising a
tolerogenic covalent conjugate comprising a gene therapy
biologically active antigenic protein or an antigenic
fragment thereof, «covalently bound to monomethoxy
poly(ethylene glycol) of a molecular weight of 2000 to
10,000, in an immunosuppressive effective amount capable
of suppressing an immune response against said gene

therapy antigenic protein.

11. A composition according to claim 10, wherein
said composition does not comprise an immunological

adjuvant.

12. A method for suppressing an immune response
comprising the steps of : '

a) administering to a mammal an immunosuppressive
effective amount of a tolerogenic conjugate including a
therapeutic protein, coupled to monomethoxy-polyethylene
glycol having a molecular weight of about 2000-10,000
daltons, at least one day prior to administration of
therapeutic protein, wherein said method results in
suppression of an immune response and the development of

tolerance to said therapeutic protein.

13. The method of c¢laim 12, wherein said

tolerogenic conjugate comprises about 26 to 53% mPEG.

14. An immunosuppressive composition comprising a
tolerogenic covalent conjugate comprising a biologically
active antigenic protein or an antigenic fragment
thereof, covalently bound to monomethoxy poly(ethylerne
glycol) of a molecular weight of 2000 to 10,000, in an
immunosuppressive effective amount capable of suppressing

an immune response against said antigenic protein.
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15. A composition according to claim 14, wherein

the ratio of the mPEG to antigenic protein is about

3-12 mPEG to one antigenic protein.

16. A composition according to claim 10, wherein
the ratio of the mPEG to antigenic protein is about

3-12 mPEG to one antigenic protein.

17. A composition according to claim 14, wherein
the ratio of the mPEG to antigenic protein is about

30-50 mPEG to one antigenic protein.

18. A composition according to claim 10, wherein
the ratio of the mPEG to antigenic protein is about

30-50 mPEG to one antigenic protein.

19. A composition according to claim 10, wherein
the degree of conjugation between mPEG and said antigenic
protein is selected according to the composition, size
and conformation of the antigenic protein, such that said
degree of conjugation suppresses an immune response to

the tolerogenic conjugate.
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