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(57) Abstract

A new method for determination of polymorphism of human MHC alleles for tissue typing, preferably of HLA-D
tissue types. The method is characterized in that a probe, which hybridises to a base sequence in the MHC, is used in res-

| triction fragment analyses of DNA from different individuals, and that the size distribution of DNA fragments, hybridis-

ing to the probe and originating from one first individual, is compared with the corresponding fragment distribution from
a second individual or with the corresponding distribution reflecting a particular type of polymorphism. The comparisons
are carried out in-order to determine: a) the genetic matching of said other individual for thepurpose of transplantation or
blood transfusion, b) the relative risk of the first individual to acquire a particular disease related to one or more of the al-
leles of the MHC, ¢) the biological paternity or maternity-of the first individual or d) if the first-and second individual ex-
hibit the same polymorphism of one or more particular MHC allele, i.e. for use in forensic medicine.
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Method and probe for determination -of" tis;ué types.
coded by MHC genes

The present invention relates to methods and means for the deter-
mination - or mapping - of human MHC tissue types, alternatively
expressed, to methods and means for the determination of poly-
morphism in the MHC of man.

The term "MHC" means the "Major Histocompatibility Complex", also
called the HLA-complex (Human Leukocytes system A). Both MHC and
HLA-complex are generally accepted terms (see e.g. Clin. Immunol.,
Vol. 1 (1980), p. 63-80, Ed. Parker CW, WB Saunders Company).

The MHC is a genetic region present on human chromosome 6, that
contains genes which code for products involved in many immunologic
phenomena including allograft rejection and other cellular and
humoral immune responses. The presently known HLA genes can be
divided into two major categories: The HLA-A, B and C tissue anti-
gens reflect the existence of at Teast three different loci which
control the formation of glycoproteins (antigens) expressed on most
nucleated cells. These antigens are referred to as Class I antigens.
Another set of genes, exemplified by the HLA-D or DR (D-related)
and DC genes (in the following collectively referred to as HLA-D
genes), controls the formation of the so-called Class II antigens.
These antigens have a restricted tissue distribution. Thus, Class
11 antigens differ from the Class I antigens inasmuch as they seem
to appear mainly on cells of the immune system. Several complement
components are also encoded in the MHC. These components consti-
tute a third group of substances that are referred to as Class III
molecules.

A schematic organization of the human MHC on the short arm of chro-
mosome 6 is shown below:

. . Ce DCFB C A
0 -memmees —— |

The centromere (Ce) is to the left. The A, B, C and other as yet
undefined loci all code for class I antigen heavy chains while the

D locus codes for o and B chains of DR, DC and other class II anti-
gens.

Structure and tissue distribution of HLA antigens

Class I antigens, encoded in the A, B, and C loci of the MHC, ap-
pear on almost all nucleated cells. However, the quantitative
expression varies drastically between different types of cells.

The structure of Class I antigens has been elucidated in great de-
tail. A1l Class I antigens are composed of one heavy chain and one
light chain. The heavy chain, encoded in the MHC, is a glycosylated
polypeptide, which spans the plasma membrane and exhibits a portion
~of its COOH-terminal region on the cytoplasmic side of the membrane.
The 1ight chain of the €lass I antigens is invariant regardless of
which allelic product it is associated with. The 1ight chain, also
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called B,-microglobulin, is encoded by human chromosome 15 and con-
sequently, its gene is not part of the MHC. '

The knowledge of the protein structure, biosynthesis and genomic §
structure of Class II antigens is known in less detail than for the :
Class I antigens. However, Class II antigens are composed of two
dissimilar, non-covalently associated, membrane-spanning glyco-poly-
peptides called o and g chains. The genes encoding these polypep-
tides are most 1ikely part of the D-region of the MHC. So far, it
has been established conclusively that both « and g chains of the
DR and DC loci are encoded in the MHC.

The Class II antigens display a more restricted tissue distribution
than the Class I antigens. Cells rich in Class II antigens are anti-
gen-processing, dendritic cells. macrophages, antibody-producing
B-lymphocytes and activated T-cells. In addition, Class II antigens
occur on the surface of several types of epithelial cells.

Polymorphism of the HLA loci

The HLA antigens display an extensive genetic polymorphism at most
loci although the genes controling the complement components may

be somewhat less polymorphic than the genes encoding Class I and II
antigens., The HLA antigen polymorphism is reflected at the popula-
tion level by the occurrence of a large number of HLA haplotypes.
Each HLA haplotype represents a defined set of genes, all of which
are inherited according to Mendelian laws. The multitude of HLA
haplotypes is a consequence of the fact that virtually all MHC loci
exhibit a large number of alleles. Allelic genes, although similar,
differ from each other but occupy identical positions in different
HLA haplotypes. A normal individual can only express two alleles at
a given locus. However, the entire population may express a large
number of alleles at such a Tocus. Presently, some 25 alleles have
been identified at the HLA-A Tocus, a similar numberat the B Tocus,
about 10 at the C locus and a total of about 15 at the D Tocus (see
Bodmer, W.F. Ed. Brit. Med. Bull. 34, 3(1978)). Recombinant DNA
techniques have revealed that B chains derived from the DR locus are
genetically polymorphic while only a single a chain of the DR locus
has been identified. In contrast both « and 8 chains of the DC locus
appear to be genetically polymorphic.

A precise number of alleles cannot be given since new alleles are
frequently discovered. Moreover, recently discovered alleles may
turn out to be identical to previously detected ones as tedious, in-
ternational collaborations have to be established to examine the
specificity of the particular serological reagent used to define a
new allele. Nonetheless, the high number of alleles and their fre-
quency distribution in the population make it unusual to find two
genetically unrelated individuals who share identical sets of al-
leles, i.e. who exhibit identical HLA haplotypes.

An allele consists of a segment of desoxyribonucleic acid (DNA)
which comprises all the information needed to become expressed as
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a polypeptide chain. Thus, alleles differing in nucleotide sequen-
ces may give rise to different polypeptide chains. However, identi-
cal polypeptide chains may be derived from different alleles provi-
ded the nucleotide sequence differences are "silent" at the level
of translation. Moreover, nucleotide sequence differences between
alleles will not affect the polypeptide chain sequences provided
the differences occur in introns or in untranslated portions of the
exons. Consequently, alleles recognized as such at the DNA level
may not emerge as alleles but as products of the same gene at the
protein level. Despite this 1imitation of the polypeptide chain
polymorphism, great numbers of alleles at various loci of the MHC
have been discovered by serological analyses of the proteins deri-
ved from the alleles.

......

Tissue typing to identify products encoded by the MHC loci has pro-
ven to be of great importance in many areas of biomedicine. Origi-
nally, proteins encoded in the MHC were shown to be intimately in-
volved in processes causing the rejection of transplanted tissues.
The name “"transplantation antigens" stems from this knowledge. It
was soon realized that matching for MHC identity of the donor and
the recipient was of predictive value in assessing the survival of

a transplanted graft. In order to match the alleles indirect methods
are used inasmuch as the proteins rather than the DNA were examined.
This procedure is called tissue typing.

Interest in transplantation antigens increased further when it was
realized that there exist a correlation between some MHC alleles

and certain diseases. Thus, insulin-dependent diabetes is more pre-
valent among individuals with the alleles Dw3 and/or Dw4d while in-
dividuals with the allele Dw2 seem to be resistant to this disease
(see Table I). Consequently, tissue typing may be used to predict,
at the individual level,: the relative risk to acquire a certain
disease. This may be of importance e.g. in councelling individuals
to avoid certain occupational hazards. Tissue typing is also of
great value in forencis medicine, particularly in paternity cases,
although the full value of tissue typing has not yet been realized.
Finally, it has been observed that a correlation exists between some
spontaneous abortions and the particular HLA haplotypes of the father
and the mother.

Three examples of the value of tissue typing are described below in
some detail: ~

1) Survival of e.g. transplanted bone marrow, kidneys and other
organs is dependent on the HLA type of donor and recipient.

2) Survival of blood elements in blood transfusion is influenced
by the HLA type of donor and recipient

3) Susceptibility to develop certain diseases is related to HLA
types.
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Transplantation

HLA typing at the protein level of patients receiving e.q. kidney
grafts revealed that graft survival was dependent on matching the
HLA-types of the donor organ and the recipient. Transplantation
between HLA-identical sibTlings was found to yield a higher inci-
dence of kidney survival than transplantation between non-HLA-
identical siblings. Recent results suggest that the matching for
HLA-D results in a high success rate as regards accepted grafts. In
fact, it has been found that survival of 90% of the grafts is obtai-
ned if the kidney donor and recipient have the same HLA-DR type. It
is assumed that even minor differences in HLA-D is sufficient to
initiate an immune response Teading to rejection of the transplan-
ted kidney. It should be pointed out that the immune response is
complex and involves the activation of so-called T helper cells
which, in class II antigen-dependent mechanisms, alert and stimulate
the development of cytolytic lymphocytes and antibodies directed
against the grafted tissue.

Vs

Blood transfusion

The transfusion of blood in certain blood cell deficiency diseases
is also influenced by matching at the protein level for HLA-types.
In certain thrombocyte disorders, the replacement therapy by trans-
fusion often results in the formation of cytotoxic antibodies a-
gainst the HLA antigens expressed on the surface of the thrombo-
cytes. This reaction can be prevented by HLA-DR matching of donor
and recipient blood.

Disease susceptibility

Many diseases have been studied to test the possibility that the
appearance of a disease is related to a particular HLA-antigen. The
frequency of an antigen in a population of individuals suffering
from the disease is compared to the frequency of the same HLA anti-
gen in a healthy control population. The degree.of association
between a given HLA antigen and the disease is expressed as the
relative risk (RR). The relative risk indicates how many times more
frequently, the disease occurs in a group of individuals carrying
the particular antigen compared to the control population. A number
of diseases shown to be related to a particular HLA antigen have
_been summarized in the table below. Several review articles are
avai}able on this subject (see Immunological Review, 70, 1-218,
1983). '

According to the results presented in this patent application the A4
development and manifestations of some such diseases may be con-
sidered related to the structure and expression of one or more genes - s

in the MHC-encoding HLA antigens.

Current methods for tissue typing

Tissue typing, i.e. determination of the particular HLA alleles ex-
pressed on the surface of cells has hitherto been accomplished by
indirect means since the protein derived from an allele rather than
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Relationships between HLA and disease

Frequency (%) of

antigen

Associated Relative
Disease HLAantigen Controls Patients risk .
Ankylosing spondylitis B27 8.6 89 90.1
Reiter”s syndrome B27 8.6 77 35.9
Acute anterior uveitis - B27 8.6 47 9.4
Rheumatoid arthritis Dwd 19.4 48 3.9
Multiple sclerosis Dw2 25.8 60 4.3
Myasthenia gravis B8 23.7 56 4.1
Celiac disease Dw3 26.3 96 73.0
Dermatitis herpetiformis Dw3 26.3 83 13.5
Chronic autoimmune hepatitis Dw3 26.3 71 6.8
Sicca syndrome Dw3 26.3 87 19.0
Idiopathic Addison”s di-

sease Dw3- 26.3 76 8.8

Graves~disease Dw3 26.3 61 4.4
Insulin-dependent diabetes Dw2 25.8 0 0.0

Dw3 26.3 48 2.5

Dw4 19.4 49 3.9
Subacute thyroiditis Bw35 13.1 72 16.8
Psoriasis vulgaris Cwo 33.1 88 14.9
Idiopathic hemachromatosis A3 - 26.9 73 7.4

B14 . 4.5 19 5.0
C2 deficiency Strongly associated with DwZ, in parti-

cular the A25, B18, Dw2 haplotype

Céngenita1 adrenal hyper- CldseTy Tinked to HLA and associated

plasia

with HLA-Bw47

(21-hydroxylase deficiency)

From Svejgaard and Ryder in Clinical Immunology (eds. F.H. Bach and

R.A. Good), p.

173-181, Academic Press, N.Y. (1980)
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its DNA, has been examined. This is a tedious procedure and antisera
reacting specifically against each transplantation antigen have to
be available. In determining the expressed allele at some HLA Toci
homozygous typing cells are being used. It is easily realized that
both types of methodology require reagents that frequently are of
poor quality and hard to come by.

Currently, alleles of the A, B, C, DR and DC loci are identified

by having specific antibodies react with the proteins derived from
the alleles. The method used is called the "Lymphocyte Microcyto-
toxicity Test". Thus, carefully selected antisera recognizing only
one allelic protein of a given locus are placed in microtiter wells.
Cells of the individual to be tissue typed are added to each well-
After a period of incubation complement is added. Antibodies that
have interacted with the cells will fix complement and the cells
will lyse. By scoring which antisera have induced lysis, the tissue
type can be determined. However, polypeptides derived from alleles
not yet discovered will, of course, escape detection.

U3

Alleles of the HLA-D loci are also being identified by a procedure
called the "Mixed Lymphocyte Reaction”. In that method homozygous
typing cells are mixed and cultured together with the cells to be
typed. Provided the class II antigens differ between the cells to

be typed and the homozygous cells, proliferation will occur. De-
tails of this and the above mentioned technique are excellently de-
scribed in Clin. Immunol, (Vol. 1, Ed. Parker, C.W. pp. 67-89 (1980),
W.B. Saunders Co.).

Some drawbacks of the presently employed techniques of tissue typing
are: :

1) The techniques are indirect

2) Serological reagents that give unambiguous typing results are hard
to come by and are difficult to standardize.

3) Prolonged storage of antisera and typing cells may reduce their
usefulness.

4) Many reagents are not selective enough to identify only one
single allele.

5) Alleles not yet identified will go undetected. Thus, it may be
impossible to distinguish homozygosity from heterozygosity at a
given locus if the heterozygous individual expresses an HLA anti-
gen against which reagents are lacking.

6) Current techniques are tedious and cumbersome.

It is, thus, an object of the present invention to provide a simpli-
fied method for the determination of human MHC polymorphism which
yields a much more refined determination than previous methods and
is not subject to their limitations.

A further object of the invention is the provision of probes defi- 4
ning MHC-specific nucleotide sequences, which probes can be produ-
ced in large quantities with high specificity and reproducibility
and at low cost.
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The invention

The present invention provides a new method for determination of po-
lymorphism of human MHC alleles for tissue typing, prefereably of HLA-
D tissue types. The method is characterized in that a probe which is
able to hybridize to a base sequence in the MHC, is used in restric-
tion enzyme mappingof DNA from different individuals, and that the
size distributionof DNA fragments, hybridizing to the probe and
originating from one first individual, is compared with the corre-
sponding fragment distribution from a second individual or with the
corresponding distribution reflecting a particular of poly-
morphism. The comparisons are carried out in order to determine

a) the genetic matching of said other individual for donating tissues
for the purpose of transplantation or blood transfusion to said

first individual or b) the relative risk of the first individual

to acquire a particular disease relatedto one or more of the alle

les of the MHC or ¢) the biological paternity or maternity of the
first individual or d) if the first and second individual exhibit

the same polymorphism of one or more particular MHC allele, i.e.

for use in forensic medicine. Specifically the comparisons mean

that one is looking for the absence or presence of specific hybri-
dizing fragment(s). '

In a preferred aspect the method of the invention is based on ana-
lyzing the structure of the genes coding for or related to the HLA-
D tissue types and is characterized in that the probe is selected
from cDNA complementary to mRNA coding for HLA-D (Class 11) anti-
gens, genomic DNA representing the actual genes (or gene complexes)
containing the coding and non-coding sequences for Class II anti-
gens and fragments thereof. In this aspect the distribution of DNA
fragments from one individual may be compared e.g. according to

a) and b) mentioned above.

Correspondingly, one preferred probe of the invention is characteri-
zed in that it is selected from cDNA complementary to the mRNA co-
ding for HLA-D (Class II) antigens, genomic DNA representing the
actual genes (or gene complexes) containing the coding or non-coding
sequences of Class II and Class I antigens, and fragments thereof.
Certain other aspects of the invention are further characterized in -

the enclosed claims 1 to 19.

Isolation of DNA

Isolation of the DNA to be examined as regards its MHC polymorphism
is accomplished according to well established procedures (Blin, N.
and Stafford, D.W., Nucleic Acid Research 3 (1976), pp. 2303-2308.
Preferrably the DNA will be isolated.from blood cells and other

nucleated cells.
Restriction endonuclease-fragmentation of DNA

Restriction enzyme mappingof DNA is known per se and comprises

the steps of 1) restriction enzyme digestion of human DNA, 2) size
fractionation of the fragments thus obtained, and 3) detection of
specific DNA fragments by their hybridization to a nucleic acid
probe, The isolated DNA is fragmented by use of one or more DNA-
specific restriction endonucleases. Two or more restriction endo-
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nucleases can be used separately on aliquots of the same DNA prepa- s
ration. Two or more restriction endonucleases can also be used for
consecutive or simultaneous digestions of the same aliquot of DNA.

Each enzyme may require its own particular conditions to effect

complete digestion. Consequently, defined conditions for the di-

gestions will vary with the enzyme or enzymes used. However, the :
general principles for the use of restriction endonucleases have

been outlined in several review articles (see Roberts, R. J., Nucl.

Acid. Res. r. 117 (1982)). It can be stated that restriction endo- -
nuclease digestions of DNA are always carried out in aqueous solu-

tions buffered to a pH in the range of 4 to 9. In most cases, but

nog in all, the temperature of the digestions range from 15~ to

659C.

A large number of restriction endonucleases are commercially avail-
able. Two groups of restriction endonucleases appropriate for use
in the present procedure can be distinguished: 1) Restriction endo-
nucleases recognizing a particular DNA sequence of four bases.

2) Restriction endonucleases recognizing a particular DNA sequence
of six bases. '

Each group of restriction endonucleases comprise several members
which recognize different base sequences. The restriction endonu-
cleases of group 1 will on average generate more DNA-fragments than
the enzymes of group 2. However, the recognition of a specific se-
quence of bases for each enzyme implies that the number of DNA frag-
ments generated by an enzyme will vary from that of another enzyme,
Suitable restriction endonucleases to be used in establishing the
particular alleles encompassed within the MHC region of an indivi-
dual are: Eco RI, Pvu II, Bam HI, Bgl II, Pst I etc. Most likely,
the 1ist of suitable enzymes may be made much longer, particularly
‘since new restriction endonucleases will be discovered in the fu-
ture. .

Separation of DNA-fragments

Restriction endonuclease digestions generate DNA fragments differing
in molecular weights and, thus, in size. The molecular weights of
the enzyme-generated DNA fragments are virtually perfectly corre-
Tated to each of the number of bases, phosphate groups &nd carbo-
hydrate moieties of the DNA fragment. Size fractionation of the re-
striction endonucleases~generated DNA fragments involves a frac-
tionation procedure taking advantage of the number of one or more

of the above described constituents of the DNA fragments. The pre-
sently preferred way to separate DNA fragments generated by restric-
tion endonuclease digestion is to use electrophoresis either with
agarose or polyacrylamide as the support. However, fractionation of -
DNA fragments may also be accomplished by using other procedures
such as gel chromatography, affinity separation techniques, etc.

a

The electrophoretic migration behaviour of restriction fragments
visualized after hybridization will allow the determination of their
molecular weights and, hence, the number of bases they contain. Of
course, the precision of the molecular weight determinations of the

Yo WIEO v
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restriction fragments will improve should a standard sample of well
defined DNA fragments be run in parallel with the sample to be

examined.
Probes

The probe should hybridize with DNA fragments derived from the
human MHC by restriction endonuclease digestion. The base sequence
of the probe or parts of its sequence should be complementary to a
base sequence of the MHC. Such a sequence doesnot necessarily encode
a polypeptide chain, but the probe is better defined if that is the
case. However, the principal requirement of the probe is that it
wholly or in part is complementary to a base sequence of the MHC,
preferrably to a part of an allele of the polymorphic D-Toci. The
probe consists of nucleic acid, either of the RNA or DNA type. Since
DNA is more stable than RNA, a DNA probe is to be preferred over
“an RNA probe.

One type of probe that hybridizes with all or some alleles of a
polymorphic MHC locus is initially prepared from a cDNA complemen-
tary to an mRNA molecule. The mRNA is usually enriched from cells
that express substantial amounts of a polypeptide chain derived
from an allele of the MHC locus such as the constituent polypeptide
chains of lass I and lass II antigens. Enrichment of the mRNA of
choice is carried out as described (Kvist, S. et al., Cell, 29,
61-69, 1982).

The isolated mRNA fraction consists of many types of mRNA molecules.
A1l the mRNA species are used as templates for reversed transcrip-
tion generating double-stranded cDNA. The double-stranded cDNA
molecules are separately ligated to a linearized plasmid which sub-
sequently is used to transform a strain of E. coli, The transformed
bacteria are cloned and those which support the replication of
plasmids containing cDNA inserts corresponding to polymorphic alle-~
les of the MHC are selected. The procedures are well known and out-
1ined in US Patent Specification No. 4237224. The techniques de-
scribed above frequently yield cDNA that corresponds only to.a
portion of the corresponding protein,

There are also other routes for preparing probes, e.g.synthetic

routes for probes containing short base sequences. Once prepared

a cDNA clone or a synthetic DNA fragment corresponding to part of

that clone may be used for the isolation of genomic DNA flankedby parts
of such coding DNA. Thus, it is possible to purify relevant chro-
mosomal DNA, containing both coding and non-coding sequences, which
then can be produced in large quantities according to US Patent

Specification No. 4237224 and wholly or in parts be used as probes.

Polypeptide chains encoded in alleles of the HLA-A, -B and -C loci
display considerable sequence similarities. Corresponding similari-
ties have now also been found to exist at the base sequence level.
Therefore,probes can be prepared that hybridize with alleles of
several loci, e.g. the HLA-A, -B and -C loci. Such a probe may,
thus, be used To detect DNA fragments derived from HLA-A, -B and

-C alleles as well as fragments derived from alleles of other loci
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that share sufficient base sequence similarity with the probe Con-
cerning alleles of Class II antigen loci probes recognizing « and

g chain alleles have to be used to establish Class II antigen poly-
morphism. Such probes can be obtained and they do not hybr1d1ze to
alleles of the Class I antigen loci.

Probes derived from sequences unique to a certain allele may be used
to detect only such DNA fragments that are derived from the particu-
‘lar allele. Available sequence information about Class I and II anti-
gen genes indicate that allele-specific probes have to be short.
Therefore, such probes are most easily prepared by automated nucleo-
tide synthesis employing standard techniques (see Caruthers et al.
Genetic Engineering, vol 3. p. 1-17 (1982) Plenum Press, New York.)
Using probes unique for an allele or for alleles of a single locus
will simplify determinations of which alleles are present in a given
sample of DNA. However, in many cases similar information will be
obtained also with probes of less specificity provided appropriate
restriction endonucleases are chosen for the digestions.

As outlined above allele-specific probes should be short. However,
probes consisting of only few bases may hybridize also to DNA se-
quences not encompassed by the MHC. Therefore, probes consisting of
between 100 and 1500 bases provide the most specific results. In
fact, two probes in that size range corresponding to Class II anti-
gens will yield hybridization patterns containing more information
than serological analyses that have to be carried out with more
than 15 antisera. Moréover, antisera are not available against some
of the products of the alleles discovered by the mapping technique.

The probe to be used may preferrably be covalently labeled with ana-
lytically indicatable compounds or groups by techniques known per se.
Examples of such compounds are: Enzymatically active substances,
substrates for enzymes, co-factors, co-enzymes and fluorescent,
luminescent and radioactive compounds. Examples of other substances
not in themselves indicatable but possessing the property to react
with analytically indicatable compounds,are: Protein A with the
property of binding to labeled IgG (and vice versa), biotin with
the property to bind labeled avidin (and vice versa), activated
thiol compounds with the property to bind and react with thiol-con-
taining analytically indicatable compounds (and vice versa) and,
finally, haptens and antigens with the property To bind Tabeled
antibodies (and vice versa)

‘Hybridization.

Hybridization is defined as the formation of hydrogen bonds between
the bases of a single-stranded DNA fragment and the complementary
bases of a single-stranded DNA probe. The outcome of a hybridiza-
tion is the formation of a double-stranded segment of DNA composed
of the hybridizing DNA fragment and the DNA probe. It is obvious
that hybridization, as defined here, does not require perfect comp-
lementarity between DNA fragment and probe but require that the
complementarity is sufficient to allow the probe to bind in a se-
lective manner to the DNA fragment.

84
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To hybridize the probe to the restriction endonuclease fragments -
an aqueous solution containing the following components are mostly
used: 1) One or more probes, 2) Formamide, and 3) Sodium chloride
at a concentration of 0.1 to 1.6 M ’

In addition, the solutions may contain ficoll, polyvinylpyrrolidone,
bovine serum albumin and/or denatured, non-homologous DNA. The de-
natured, non-homologous DNA is being used to avoid non-specific
sticking of the probe to sites on the paper that will bind any type
of denatured DNA. When pre-hybridization is being used, the sheet

to be exposed to the probe is treated with non-homologous, dena-
tured DNA prior to hybridization with the probe. The hybridization
solutions are buffered to pH values of 5 to 9 and the hybridizations
are carried out at temperatures varying from 180 to 650 for 3 to 48
hours. The size of the DNA fragments that will hybridize to a probe
is dependent on a variety of parameters among which are:

1. The restriction endonuclease or endonucleases used to generate
The DNA fragments. For a given sample of DNA and for a given
probe the pattern of hybridizing DNA fragments will vary with
the specificity of the restriction endonuclease used. This, of
course, is due to the particular sequence specificity of the
enzyme. Different restriction enzymes will often generate frag-
ments of different sizes from a single allele.

2. The particular alleles of the MHC in a sample to be analyzed.
Using a given probe and a given enzyme different alleles of a
polymorphic MHC Tocus will display fragments of different sizes
that hybridize with the probe. Alternatively, some alleles may
not share enough sequence similarity with the probe to hybridize
to it while other alleles display strong hybridization due to
nucleotide sequence identity with the probe.

3. The probe employed. For a given sample of DNA and one or more
given restriction endonuclease, the fragments hybridizing to the
probe will depend on the probe used inasmuch as two probes dif-
fering in their nucleotide sequences, but derived from the same
cDNA or genomic fragment, may not hybridize to sequences present
in the same restriction fragment.

The usefulness of the invention will be discussed below by demon-
‘strating five examples from three important fields of application.
These examples do not in any way serve to limit the invention and
the average scholar will easily realize other fields of application
not examplified here.

EXAMPLES
A1l examples utilize a common technology which involves
extraction and isolation of genomic DNA

)

) restriction enzyme digestions of the isolated DNA
) separation of the restriction fragments by size
)

a0 oo

subjecting all of the separated DNA fragments to hybridization
with at least one labelled probe derived from copy or genomic
DNA of the MHC locus




Blood cells
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e) identification of DNA fragments that have hybridized with the
probe or probes )

f) comparing the hybridization pattern recorded with those of ane
or more individuals.

Details of the experimental protocols pertinent to the examples
described here are outlined below. :

Blood (20 ml1) was drawn from individuals which had been tissue
typed for HLA-DR antigens with serological techniques.

Preparation of genomic DNA

DNA was precipitated in 250 ml glass tubes. at -20

In a typical preparation leucocytes were isolated from 20 ml of
blood by centrifugation. The cells were suspended in 40 ml of 0.05
M Tris-C1 buffer, pH 7.5, containing 0.01 M NaCl and 0.001 M EDTA
Sodium dodecyl sulfate (0.1 g in 0.5 ml of water) and proteinase K
(Merck AG) (4 mg in 0.4 ml of water) were added. The sample was
incubated at 3790 under shaking for 16 h and thereafter it was

- extracted with phenol (40 ml) saturated with 20 mM Tris-Cl1 buffer,

pH 7.5, containing 1 mM EDTA. After phase separation by centrifu-
gation, the upper phase was extracted with 40 ml of water-saturated
phenol:chloroform:isoamylic alcohol (25:24:1 v/v). The resulting
upper phase was finally extracted with 20 ml of water-saturated
chloroform: isoamylic alcohol (24:1 v/v). The upper phase was dia-
lyzed three timesagainst 2Z-portions of 10 mM Tris-C1 buffer, pH
7.5, containing 1 mM EDTA for a total.period of 24 h at +40C. One-
tenth the volume of 3 M sodium acetate buffer, pH 6.0, and 2.5 times
the volume of cold ethanol were added to the dia]gzed material. The

C for 12 h, and
subsequently it was sedimented by centrifugation at 6000xg for 30
min at +49C.

The DNA precipitate was dissolved in 10 mM Tris-Cl1 buffer, pH 7.5,
containing 1 mM EDTA. Ethidium bromide was added to a final concent-
ration of 800 pg/ml and CsCl to a final density of 1.397. The solu-
tion (total volume: 30 ml) was centrifuged for 40 h at +20°C in a
Sorvall Ti 865 rotor at 41 000 rpm. Chromosomal DNA was thereafter
recovered under ultraviolet 1ight and was dialyzed against 2 £-por-
tions of 10 mM Tris-C1 buffer, pH 7.5, containing 1 mM EDTA that
were changed four times. The material was subsequently precipitated
with ethanol and sodium acetate as described above. The precipitate
was washed twice with ice-cold ethanol (70% v/v) in water, then
lightly dried under vacuum, and finally carefully suspended in 300
¢l of 10 mM Tris-Cl1, buffer, pH 7.5, containing 1 mM EDTA.

Restriction enzyme digestion

Samples of DNA (10 ng) were separately digested with 10 units of B

restriction enzymes such as Bam HI, Pvu II, Eco RI and Bgl II
(New England Biolabs) for 2 h at 379C. The digestions were termi-
nated by heating at 65°C for 2 min.

e . <f/f' o
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E]ectrophoresi;

DNA-fragments from the digested samples were separated by electro-
phoresis in a 0.7% (w/v) agarose gel in 0.045 M Tris-acetate buffer,
pH 8.3, at 50V for 12 h. The electrophoresis was carried out at room
temparature in an Iceberg Design M 100 A apparatus. The DNA frag-
ments were subsequently transferred onto nitrocellulose filters (BA
85 Schleicher and Schiill) according to the method described by
Southern (J. Mol. Biol. 98, 503 (1975)). After transfer, the filter
was dried under vacuum at 809C for 2 h.

Isolation of probes corresponding to human class II transplantation
antigens

Probes of the translated and 3'-untranslated parts of cDNA clones
corresponding to HLA-DR and HLA-DC g chains respectively, were
separately isolated by agarose gel electrophoresis. Probes corre-
sponding to the translated portions of HLA-DR and HLA-DC o chains
were purified by the same method. Fig. 1 gives a schematic picture
of the different probes and the cDNA clones they were isolated from.

Radicactive labelling of the probes

The probes used were radioactively labelled with a[32P]ATP by so
called nick-translation (Rigby et al., J. Mol. Biol. 113, 237-251
(1977)). The specific activities of the probes were approximately
3.10/ cpm/ug DNA. Just before use, the probe, in a volume of 1 ml,
was denatured by the addition of 0.5 ml of 0.2 M NaOH for 10 min at
room temperature whereafter it was neutralized by adding 0.625 ml of
1.5 M sodium phosphate, pH 7.5 and put on ice. :

Hybridization on nitroceliulose filters.

The nitrocellulose filters were pre-hybridized for 3 h at 42°C in a
solution containing formamide (50% v/v), dextran sulfate (1 g/ml),
0.9 M NaCl, 0.045 M sodium phosphate buffer, pH 7.5, 0.002 M EDTA,
bovine serum albumin (1 mg/ml1), ficoll (1 mg/ml), polyvinyl-pyrro-
Tidone (1 mg/m1),0.05M Hepes, sodium dodecyl-sulfate (1 mg/ml) and
single-stranded, sonicated salmon sperm DNA (80 ug/ml). The pre-
hybridization solution was subsequently exchanged for the hybridi-
zation solution congaining a denatured, radioactively labelled probe
(approximately 5-10° cpm) in 10 ml of a solution identical to the
prehybridization solution except that the amounts of bovine serum
albumin, ficoll and polyvinylpyrrolidone were reduced to one-fifth
the concentration in the prehybridization solution.. In addition,
the concentration of Hepes was reduced to half thatof the pre-
hybridization solution. The hybridization of the probe was carried
out at 42°C for 24 h. :

The filters were subsequently washed according to the following
protocol:

1. Twice at room temperature 0.36 M NaCl
with a solution containing: - 0.018 M sodium phosphate, pH 7.5
0.001 M EDTA
1 mg/ml sodium dodecyl sulfate
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2. Twice for 15 min at 55°C 0.036 M NaCl :
with a solution containing: 0.0018 M sodium phosphate, pH 7.
) 0.0001 M EDTA
1 mg/ml sodium dodecyl sulfate

3. Finally, once at room 0.036 M NaCl
temperature with a solu- 0.0018 M sodium phosphate, pH 7.5
tion containing: 0.001 M EDTA

“Autoradiography

The nitrocellulose filters were dried and placed in X-ray casettes
together with KODAK XAR-5 films and DuPont Cronex lightning-plus
screens at -700C for 3 days. The films were subsequently developped
in an Agfa-Ge ert automatic developer. ’

EXAMPLE 1

Serological tissue typing techniques are dependent on the availa-
bility of cells that can be used as references. Such cells are
usually homozygous at one or more of the polymorphic MHC loci. To
demonstrate that the method of the invention is superior to present-
1y used serological techniques DNA of homozygous typing cells was
subjected to the protocol described above. The cells used were
homozygous at the DR Tocus and displayed Class II antigens of spe-
cificities 1, 2, 3, 4, 5, 6, 7 and 8,respectively. No serological
typing data for Class II antigens of the DC Tocus were available.

In most cases it is not known whether antisera used for typing of
€lass II antigens contain antibodies directed against both or only
one Glass II antigen chain. However, since DR and DC « and B8 chain
cDNA inserts have been isolated they were all used as probes in
the hybridizations.

The cDNA of the DR « chain hybridizedto a single band of identical
size regardless of from which typing cell the DNA had been isolated
provided the restriction endonucleases Eco RI or Pst I had been
used for the digestion (not shown). However, when the digestions
had been carried out with the enzyme Bgl II unique fragments hybri-
dizing with the DR o chain probe was obtained when cells of DR-
types 1, 3 and 6 were examined. For all other DR types the single
hybridizing fragment was identical in size (see Fig. 2, Tanes P-X).

Using the same DNA preparations digested either with the enzyme

Bam HI or Pvu II hybridizations were carried out with a DC o chain
probe. Fig. 2 shows that all eight cell types displaying different
DR specifities gave rise to unique hybridization patterns. Since
serological analyses only have revealed four DC antigens so far it
can be concluded that the analyses shown here provide improved reso-
Tution. Moreover, the discovery of new DC o chain alleles is ob-
vious.

DNA from the DR-homozygous cells was digested with the restriction

o
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endonuclease Pvu II and after size separation the DNA fragments were
allowed to hybridize with DR and DC B chain probes, respectively.
Fig. 3 depicts the results. It is obvious that the hybridization
patterns were unique both as regards the cells and the probes used.
Thus, the invention provides means to identify DR and DC B chain
alleles and the method of the invention obviously resolves addi-
tional B chain alleles. :

The data of Fig. 3 show that most DR and DC g chain alleles give
rise to multiple fragments hybridizing with the cDNA probes used.
This is an expected result since the hybridizing contiguous sequen-
ces of the probes correspond to genomic sequences of the alleles
that are interrupted two or more times by intron sequences. Such
introns may contain restriction enzyme sites but do not hybridize
with the probes used. However, the observation of multiple DNA
fragments in a single sample hybridizing with a probe may also
indicate that the probe reacts with DNA fragments of more than one
gene. Although the data of Fig. 3 clearly show that DR and DC 8
chain sequences, under the conditions used, only to a minor extent,
if at all, cross-hybridize, the data require clarification. To this
end the experiments of Fig.3 were repeated and comparative analyses
using DR and DC g chain probes corresponding to the translated
portions of the cDNAs and the 3'-untranslated regions, respectively,
were used (see Fig. 1). The DNA samples were digested with Bam HI
prior to electrophoresis and hybridizations. Fig. 4 depicts the
results obtained with the two DR B chain probes. It is evident that
the untranslated probe did not give rise to unique hybridization
patterns for each DR-type as did the translated probe, also when
using this restriction enzyme. However, when the DNA samples had
been digested with the restriction enzyme Pvu II the maps gene-
rated by the 3'-untranslated DR B chain probe were unique for each
cell type differing in DR specificity (Fig. 5) but the number of
restriction fragments hybridizing with this probe was less than
those hybridizing with the DR 8 chain translated probe (see Fig. 5).

Fig. 6 shows restriction patterns of DNA from- homozygous typing cells
digested with the enzyme Bam HI and hybridized with probes corre-
sponding to DC g chain translated and 3’ untransliated;regions, respec-
tively. The translated probe yielded unique restriction maps for

each one of the cell types while the 3' untranslated probe, in most
instances hybridizing only to a single fragment, could not distin-
guish the alleles of five of the eight cell types (see Fig. 6, lanes
J-N). Taken at face value these data may suggest that the human hap-
Toid genome contains but a single DC 8 chain gene.

The data presented in figures 2-6 demonstrate that by using various
probes and restriction enzymes tissue typing can be performed by the
method of the invention. Not only does this method allow the detec-

~ tion of new class II antigen (HLA-D) alleles, as exemplified by the
data on the DC Tocus, but it also provides means for separate ana-
lyses of o and B chain alleles, something that so far has not been
accomplished by serological techniques.
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EXAMPLE I1

To examine the resolution of the method of the invention DNA was
isolated from four individuals serologically typed to express the
specificities DR 7/7 (one individual) DR 2/7 (two individuals)-
and DR 2/2 (one individual). A1l individuals examined were geneti-
cally unrelated. Aliquots of the samples were separately digested
with the enzymes Pvu II and Bam HI, respectively, and restriction »
maps were established using translated probes of DR and DC B chain

cDNA clones. The results are summarized in Fig. 7. As expected, the

DR 8 chain probe gave distinct patterns for the two homozygous

samples regardless of the enzyme used. However, a combined restric-

tion map of the two homozygous individuals was identical to the

maps recorded for the heterozygous individuals. Likewise, the DC B

probe provided unigue maps for the DR-homozygous individuals. How-

ever, the restriction maps of the two heterozygous individuals were
- dissimilar and only for one individual did the map correspond to the
combined maps of the homozygous individuals. The DR and DC loci

occur close to each other on chromosome 6.

Through this close linkage it is to be expected that a given DR al-
lele will frequently occur together with a given DC allele. However,

~ the data presented in Fig. 7 demonstrate that despite this close
Tinkage the method of the invention can independently analyze the
DR and DC Toci.

EXAMPLE III

Serological analyses as well as "mixed lymphocyte cultures” to as-
sess the HLA-DR phenotype require great skill and the reproducibi-
Tity of such analyses is usually less than acceptable. To examine
the reproducibility of the method of the invention DNA was isolated
from two pairs of monozygotic twins. Each sample was handled sepa-
rately and after enzyme digestions, aliquots were subjected to
restriction mapping. Fig. 8 shows that the restriction maps ob-
tained were identical for each twin within a pair. Thus, neither the
restriction enzyme digestions nor the probes used did artifactually
distinguish the twins in each pair. The method of the invention is
obviously very reproducible.

EXAMPLE IV

A 32p_1abeled OC g chain cDNA probe (previously termed pDR-g-1)
(Wiman et al. Proc. Natl. Acad. Sci. USA 79, 1703-1707 (1982)) was
utilized To study restriction endonuclease-digested DNA isolated
from a total of 92 individuals. DNA-fragments of a lambda-phag
wereused as the molecular size markers. :

>

The human DNA was digested with the restriction enzyme Eco RI and A
resulting fragments were separated by slab gel electrophoresis and
subjected to the Southern hybridization technique.

The Eco RI digestion resulted in at least 8 different fragments
(kb is kilobases): '

SUREAT
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Approx. size

20 kb

The 6 kb-fragment was present in all 92 individuals. The 11 kb~
fragment was highly, but not compTetely, invariable. The other frag-
ments showed a variable appearance. The 9 kb- and 2.2 kb-fragments
occurred paired, i.e. both fragments were either present or absent.

The 92 individuals showed 17 different maps of the DNA fragments
hybridizing to the probe, none of the maps covering 20% of the
total number of individuals. A donor for organ transplantation or
blood transfusion will be sought in the group showing the same map
as the person in need of such treatment.

In this study 45 out of the 92 individuals were healthy controls,
31 were persons with insulin-dependent diabetes (IDDM) and 16 were
diagnosed as non-insulin dependent diabetic patients (NIDDM). The
segregation of the 9 kb / 2.2 kb sibling fragments is shown.below.

Number Healthy controls “IDDM NIDDM
with fragments 22 ' 3 8
without fragments 23 28 8

% with fragments 49% 10% 50%

The analysis of the IDDM patients was confirmed in a duplicate ana-
lysis. )

The significance of the present observation is that the IDDM pa-
tients Tack the 2.2/9 kb sibling fragments more often than the gene-
ral population. A possible explanation is that the IDDM patients

lack an EcoRI site in an allele encoding an HLA-DC 8 chain. It should
be noted that the probe used was a DC g chain rather than a DR 8
chain, The Tack of oneor two restriction enzyme sites may influence
the resulting molecule encoded by the gene.

The observation of a low freguency of the 2.2 / 9 kb sibling frag-
ments among IDDM patients is also dramatic from the point of view
that nearly 100% of all IDDM-patients express either HLA-DR 3., HLA-
DR 4 or HLA-DR 3/4. These alleles are present in no more than 60% of
the healthy population.

In another study we examined the restriction fragments hybridizing to
tbe probe when the DNA had been digested with Bam HI and Pst I, respec-
tively. For reasons of comparison Eco RI digested DNA was also exami-
ned. The population consisted of 54 non-related individuals; healthy
persons (n=25) and IDDM patients (n=29). A1l subjects were randomly
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selected to obtain an idea of the populafion fréquéncy of the hybri-
dizing fragments. None of the examined individuals had been typed for
HLA-DR.

Compared to the healthy individuals the IDDM patients exhibited the
expected decreased frequency of the hybridizing 2.2 and 9.0 kb Eco RI
fragments (p<0.01)(see above). Also two Bam HI fragments of 3.2 and
3.7 kb, hybridizing to the DC B8 chain probe were less frequent in

the DNA samples of the IDDM patients as compared to the healthy sub-
jects (p_<0.001; see Table II). The 5.8 kb Bam HI (p <0.05) and the
4.9 and 8.0 kb Pst I (p.<0.05) fragments showed incréased frequen-
cies among the IDDM patgents.

The differences in the restriction maps between the two groups may
be explained by the preponderance of HLA-DR3 and/or DR4 alleles
among the IDDM patients. However, since the probe used was a DC 8-
chain cDNA and the exact linkage between the HLA-DR and -DC loci is
not known an unambiguous explanation to the data cannot be given as
yet. Nonetheless, the decreased frequency of the Bam HI 3.7 kb frag-
ment in DNA of the IDDM patients does not seem to be dependent on
the negative association established for HLA-DR 2 and IDDM (see
Table 1) since DNA of HLA-DR2 homozygous typing cells do not display
this Bam HI fragment (see Figure 6, lane B). Further analyses are
obviously required to establish the exact origin of the 3.7 kb frag-
ment (see below). However, suffice it to say that the Bam HI frag-
ment of 3.7 kb is rarely observed when DNA of IDDM patients is exa-
mined while the same fragment occurs more frequently (30-40%) in DNA
of healthysubjects, even if they express HLA-DR4.

DNA of randomly selected IDDM patients and healthysubjects did not
differ in the frequency of the 18 kb Pstl fragment. The different
frequencies of this fragment in DNA of IDDM patients and healthy per-
sons only seem to apply when the comparison is made between indivi-
duals displaying identical HLA-DR phenotypes.

EXAMPLE V

It was tested whether the HLA-DC g-chain cDNA probe will hybridize

to fragments of different sizes generated when DNA from healthy in-
dividuals and diabetic patients being either HLA-DR identical or
randomly selected, are digested with restriction endonucleases. Among
individuals serologically typed to be HLA-DR 4 and/or 3/4,insulin
dependent diabetes mellitus (IDDM) patients showed an increased
frequency of a Pst I 18 kb DNA fragment. A Bam HI 3.7 kb DNA frag-
ment, frequent among healthy subjects (30-40%), was rarely detected
in DNA of IDDM patients (0-2%). :

DNA was isolated from 22 IDDM patients, diagnosed before the age of
18 at the Department of Pediatrics, University of Linkdping, Sweden,
expressing either HLA-DR3/- (n=5), DR4/- (n=8), or DR3/4 (n=9).
Additional DNA samples of IDDM patients (n=25) expressing either
HLA-DR3 (3/3 or 3/-)(n=5), HLA-DR (4/4 or 4/-)(n=7) or HLA-DR3/4
(n=13) and of healthy controls expressing HLA-DR3 (n=4), HLA-DR4 (n=9),
or HLA-DR3/4 (n=13) were isolated from frozen, previously DR-typed
Tymphocytes.
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TABLE II.

The distribution of réstriction.fkéghéﬁts in'réndém]y,selected 1DDM
patients and contro]s

Sequence size

(kb) _
EcoRI 1DDM Controls p-value
..... '.(”??9):..':.:.(9?25)
2.2 3 (10 %) 12 (48 %) 0.002°
3.5 23 (79 %) 16 (64 %) NS
4.0 26 (79 %) 20 (80 %) NS c
9.0 3 (10 %) 12 (48 %) - 0.002
13.0 21 (73 %) 15 (60 %) NS a
20.0 25 (86.%) 14 (56 %) 0.01
BamHI* IDDM Controls
(n=29) (n=25)
3.2 3 (10 %) 15 (60 %) 0.00013
3.7 0 (0% 10 (40 %) 0.000&
5.8 23 (79 %) 10 (40 %) 0.004a
6.2 3 (10 %) 10 (40 %) 0.01
pstI** IDDM Controls
(n=27) (n=25)
4.0 7 (26 %) 3 (12 %) NS b
4.9 21 (78 %) 9 (36 %) 0.003a
5.1 10 (37 %) 18 (72 %) 0;01a
. 5.4 4 (15 %) 12 (48 %) 0.01b
6.0 26 (96 %) 16 (64 %) 0.004b
6.3 18 (67 %) 7 (28 %) 0.006
18.0 23 (85 %) 18 (72 %) NS

Differences between IDDM and contrOIS'(gisherfs exact test correcting
for the number of fragments @ p>0.05; ° P_<0.05; € p <0.01; d pc<0.001

NS is not significant

* 3.2 vs. 3.4 kb, 4.0 vs, 4.3 kb and 10.0 vs 12.0 kb Bam HI sequences
were not resolved; only sequences which varied between individuals

are shown.
** pst] sequences 10, 7.2, and 6.5 have not been scored.
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The hybridization patterns of enzyme digested DNA, isolated from’
randomly selected IDDM patients (n=29) and healthy controls (n=25),
were also compared. A1l patients were diagnosed before they had
reached the age of 30 and were treated with insulin. These patients
as well as the healthy controls were all Caucasians. DNA samples

were separately digested with 3 restriction endonucleases. DC B chain
cDNA probe hybridized to 5-9 BamHI, 4-7 EcoRI and 4-8 Pstl restric- -
tion fragments in the different individuals tested (Table II). BamHI
sequences of 10 kb, 8.0 kb, 7.0 kb, and 5.0 kb and EcoRI sequences

of 11 kb and 6.5 kb were present in all individuals examined; the

other sequences were highly variable.

Figure 9 shows restriction fragments detected in 3 non-related
HLA-DR3/4 healthy individualsafter digestion with BamHI (Tanes 1-3),
EcoRI (lanes 4-6) and Pstl (lanes 7-9), respectively. BamHI sequen-
ces of 3.7 and 12 kb, an EcoRI sequence of 20 kb and Pstl sequences
of 18 and 5.1 kb varied between the individuals.

The frequencies of the 3.7 kb BamHI and 18 kb PstI sequences differed
between serologically typed HLA-DR identical IDDM and healthy indi-
viduals (Table IV). The Pstl 18 kb sequence was present in increa-
sed frequency among IDDM patients expressing HLA-DR4 and DR3/4.
Patients expressing the HLA-DR allele differed from controls even if
the p-value was corrected for the number of Pstl fragments observed
(pe<0.01). The frequency of the 3.7 kb BamHI sequence was clearly
decreased in IDDM patients compared to controls (pc<0.01). It was
also noted that 6 out of the 8 HLA-DR3 and/or 4 positive indivi-
duals having the 3.7 kb sequence were also missing the 18 kb Pstl
fragment. Theseresults demonstrate the existence of HLA-D region
g-gene nucleotide sequences, which are associated with IDDM.
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TABLE TII

Variable and: invapiable (*) restriction fragments.detected with
“the ALA-DC B-chain CDNA probe 1n the individuals tested.

Eco RI 20 13 11* 9.0 6.5 4.0 3.5 2.2 kb
Bam HI 12 10+ 8.0 7.0+ 6.2 5.8 5.0* 4.3 3.7 3.2 kb
Pst I 18 10 7.2 6.5 6.3 6.0 5.4 5.1 4.9 4.0 kb
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Pst I 18 kb and Bam HI 3,7 kb restriction. endonuclease fragments

detected by the HLA-DC g-chain probe in HLA-DR typed IDDM and control

individuals
Pst 118 kb Bam HI 3.7 kb
No. of No. of No. of 3
indivi- posi- % p-value” posi- % p-value
duals fr‘tive‘ . tive
HLA-DR3*
1DDM 10 4 (40) o 0 (0) NS
Controls 4 2 (50) 0 (0)
HLA-DR4* oy o)
1DDM 15 15 (100 b 0 0 b
Controls 9 6 (67) p<0.04 3 (33) p<0.04
HLA-DR3/4 (s6) (5)
I1DDM 22 21 96 b 1 5 b
Controls 13 g (s2) P<0.02 4 (31) P<O.05
A1l individuals (85) 2)
I1DDM 47 40 85 b 1 2 c
Controls . 26 16 (62) P<0-025° 7 (57 p<0.002

*  Both IDDM and control individuals were selected to express only
HLA-DR3 (3/3 or 3/-) and HLA-DR4 (4/4 or 4/-), respectively

a Fisher’s exact test was used to test differences between IDDM
and control individuals. Multiplying the p-values with the
number of fragments observed resulted in the following,
corrected p-values (pc): bpc>0.05 Cpc<0.01.
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" LEGENDS TO FIGURES

Fig. 1 Schematic picture of a Class II antigen molecule composed
' of disulfide-containing o« and 8 chains (middle). The Class

II antigen o and 8 chain cDNA probes and the restriction
sites used to isolate them are indicated at the top and at
the bottom of the figure. Their approximate lengths can be
estimated from the lines demarkating every 100 bp. Both o
chain probes correspond to the translated portion while both
translated (TR) and 3'untranslated (UT) probes of the 8
chain cDNA clones were used.

‘Fig. 2 Hybridizations of a DC « chain cDNA probe (see Fig. 1) to
DNA of individuals serologically typed to be homozygous for
the DR specificities 1 to 8, respectively (lanes A-P). The
DNA was digested separately with Bam HI (lanes A-H) and Pwu
11 (lanes I-P). The same DNA was also digested with Bgl II
and hybridized with a DR « chain cDNA probe (Tanes Q-X).

DR 1 homozygous DNA occursin lanes A, I and Q and DR 8
homozygous DNA in Tanes P, H and X.

Fig. 3 Hybridizations of DR (A) and DC (B) 8 chain translated
' probes to DNA of individuals serologically typed to be
homozygous for the DR specificities 1 to 8 (as noted above
gach lane). The figures denote the positions of markers of
different sizes (expressed as kilobases, kb).

Fig. 4 Hybridizations of DR g chain cDNA translated (lanes A-H)

and 3'untranslated (lanes I-P) probes to DNA of indivi-
duals serologically typed to be homozygous for the DR spe-
cificities 1 to 8 (lanes A and I depict DR 1 DNA while lanes
H and P depict DR 8 DNA). The DNA was digested with Bam HI.

Fig. 5 An experiment identical to that of Fig. 4 but the aliquots
of DNA were digested with Pvu IT rather than with Bam HI.

Fig. 6 Hybridization of DC 8 chain cDNA translated (lanes A-H) and
3'untranslated (lanes I-P) probes as described for Fig. 4.
The DNA was cleaved with Bam HI.

Fig. 7 Hybridizations of DR (lanes 1-8) and DC (lanes 9-16) g chain
cDNA transTated probes to DNA of two individuals phenotyp-
cally homozygous at the DR B chain locus (DR 7/7 in lanes
1, 5, 9 and 13; and DR 2/2 in lanes 4, 8, 12 and 16) "and to
DNA of two individuals serologically typed to express the
DR specificities 2/7 (lanes 2, 6, 10 and 14 display the
restriction patterns of one of the heterozygous individuals
while the patterns of the other individual are depicted in
lanes 3, 7, 11 and 15). The aliquots of DNA were separately
digested with Pvu II ( anes 1-4 and 9-12) and Bam HI (lanes
5-8 and 13-16).




Fig. 8 Hybridization of DC (lanes 1, 2, 5, 6, 9, 10, 13 and 14) and
DR (lanes 3, 4, 7, 8, 11, 12, 15 and 16) B8 chain cDNA
translated probes to DNA of two pairs (AA and BB, respec-
tively) of monozygotic twins. Lanes 1 to 8 depict DNA of
the AA twins and lanes 9-16 show DNA of the BB twins. DNA

in lanes 1 to 4 and 9 to 12 was digested with Pvu II while =
DNA in Tanes 5-8 and 13-16 was cleaved with Bam HI.

Fig. 9 Hybridization of a DC g chain cDNA translated probe to DNA
of three healthy and genetically unrelated individuals. The
~individual DNA preparations were separately digested with
Bam)HI (Tanes 1-3), Eco RI (lanes 4-6) and Pst I (lanes
7-9

YD
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CLAIMS

1. A method for determination of human MHC polymorphism in tissue
typing for the purpose of organ transplantation, blood trans-
fusion, for the use in forensic medicine, for paternal and ma-
ternal ascertainment or for assessing the relative risk for an
individual to acquire a disease related to certain MHC alleles,
characterized in that a probe which hybridizes to
a base sequence in the human MHC, is used in restriction enzyme
mapping, and that the size distribution of the DNA fragments,
hybridizing to the probe and originating from one first indi-
vidual, is compared with the corresponding fragment distribu-
tion from a second individual or with the corresponding distri-
bution for a particular type of polymorphism, either of said
comparisons being carried out in order to determine: a) the
genetic suitability of said other individuals for donati
tissues for the purpose of transplantation or blood transfusion
to said first individual, b) the relative risk of said first
individual to acquire a particular disease related to one or
more MHC alleles, ¢) the paternity or maternity of said first
individual or d) if the first and second individual exhibit the
same polymorphism of one or more particular MHC allele, i.e.
for use in forensic medicine. T

2. A method according to claimTcharacterizedin that
the probe is selected from a) cDNA complementary to the mRNA
coding for Class II gene produts (antigens) b) genomic DNA re-
presenting the actual Class II genes and/or their flanking base
sequences and c) fragments -thereof.

3. A method according to claim 1 and 2, characterize
in that the Class II genes are those ones coding for HLA-D ge

products.

q
ne

‘4. A method according to claim3,characterizedinthat
the probe is complementary to any part of the mRNA coding for
the alpha- or beta-chain of a Class II antigen.

5. A method according to claiml1or2,characterizedin
that the probe is a genomic DNA sequence representing the actual
Class II genes and/or their flanking base sequences or a frag-
ment thereof.

6. A method according to claim 1 or 2,characterized
in that human DNA is treated with one or more restriction endo-
nucleases resulting in DNA fragments which are separated accor-
ding to molecular size, preferably by gel electrophoresis, and
transferred to a sheet binding DNA, preferably a nitrocellulose
sheet, whereafter the filter is exposed to the probe and binding
of the probe to complementary base sequences of DNA fragments
of different sizes are identified.

7. A method according to claim6, characterizedinthat
the probe is Tabelled with an analytically indicatable group or

atom.
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8.

10.

1.

26

A method according to claim6,character izedinthat

the fragment distribution is examined for the appearance of frag-

ments, the absence or presence of which is indicative of the re- .
lative risk of an individual to acquire a disease related to :
one or more MHC allele.

A method according to claims 4and 6, characterized
in that the restriction enzyme is Eco RI, that the mRNA codes
for a 8 chain of a Class II antigen, and that the fragment
distribution is examined for the appearance of two paired
fragments of 9 kb and 2.2 kb. The absence of which in an in-
dividual indicates that said individual has an increased rela-
tive risk to acquire insulin-dependent diabetes mellitus.

A method according to claims 4and 6, characterized

in that the restriction enzyme is Bam HI, and that the fragment
distribution is examined for the appearance of a fragment of

3.7 kb, the absence of which in an individual indicates that

said individual has an increased relative risk to acquire insulin-
dependent diabetes mellitus.

A method according to claims 4 and 6, characterized
in that the restriction enzyme is Pst I, and that the fragment
distribution is examined for the appearance of a fragment of

18 kb, the presence of which in individuals expressing the
serologically defined HLA-DR4 or DR 3/4 dindicates that said
individual has an increased relative risk to acquire insulin-

" dependent diabetes mellitus.

12.

13.
- 14.

15.

16.

17.

A probe for use in the method according to any of the preceding
claims,characterizedinthatitis selected from
cDNA complementary to the mRNA coding for Class II gene products
(antigens), genomic DNA representing the actual Class II genes
and/or their flankingbase sequences and fragments- thereof.

A probe according to claim 12, c hara E terizedin that
it is cDNA complementary to the mRNA coding for Class II gene
products (antigens).

A probe according to claim 12, characterizedinthat
it is genomic DNA representing the actual Class II genes and/or
their flanking base sequences and fragments thereof.

A probe according to claim 12, character izedinthat
the Class II genes are of the HLA-D type. o

A method according to claim 1 or claim2,characteri- .
z e d in that DNA from each individual of a selected population
preferrably a family, is mapped, and the maps are correlated to

the occurrence of a certain disease in said population to deter-

mine a relationship between the presence or absence of specific
fragments in the maps of the disease-affected and healthy persons.

A probe according to claim 12, characterizedinthat

‘the Class II genes and gene products are of the HLA-DC type.

gﬂREAU
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18. A probe according to claim 12, characterize d in that
the Class II genes and gene products are of the HLA-DR type.

19. A method according to claim2, characterizedin that
the Class II genes and gene products are of the HLA-DR or HLA-

DC region.
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