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ABSTRACT

The genetic region which exerts a major influence on graft
rejection is known as the major histpcomﬁatibi]iéy complex or MHCJ
The MHé in man, the HLA system, includes at least five distinct multi-
allelic loci, HLA-A,-B,-C,-D and -DR. The HLA system possesses three
fundamental characteristics: it is highly polymorphic; its alleles
are in linkage disequilibrium with one another as well as with other
Toci; and the HLA antigens demonstrate extensive cross-reactivity.

A number of previous reports have established associations
between cerfain HLA-B antigens and juvenile-onset insulin-dependent
diabetes mellitus (JOD). In this investigation we haVe studied the -
distribution of HLA antigens in patients with diabetes mellitus with
a special emphasis on HLA antigens belonging to the DR Tocus. We
observed a significant increase in the incidence of HLA-DR4 in JOD
patients as compared to its frequency in the normal controls. The
present data also confirm earlier reports of the increased incidence
of HLA-B15, -B40 aid -CW3 in the patient group. Further analyses of
the data showed that the primary association of JOD was with HLA-DR4
and the associations with the HLA-B and -C Toci antigens were

secondary in nature.
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I. INTRODUGTION. |

. . . ) “/ s
I.1. The Major Histocompatibility Complex (MHC) ° :

I1.1.1. General \\

The genetic region which exerts a major influence on graft
rejection is knpwn as the méjor histocompatibility complex or MHC.
In all vertebrates studied so far, the MHC has been described as a
genetic system'of closely Tinked‘genes. Tﬁe MHC in man is called
the Human Egukocyte system A or the HEA sysfem.‘ It is located on the
short arm of chromosome 6 (Breuning et.aZ., 1977; Francke and _
Pe]]egrino; 1977; Lamm et al., 1974). At present, it includes at
least 5 distinct -multiallelic loci: HLA-A,-B,-C,-D aqg:-DR.‘ of
these ‘loci, HLA-A,—B}and -C, code far alloantigens which afe detéctab]e
by serological methods. The fourth locus, HLA-D, controls 1ymphocyte'
responses in the in vitro mixed lTymphocyte culture (MLC) reactions.
Locus HLA-DR codes for alloantigens, éxpressed‘predominant1y on B
lymphocytes, which are also serologically detectablg. In additién to
these loci, there are other immurie response loci. Also, several.
different genetic traits have been linked to HLA. The\arrgngeﬁent.
of the loci of the HLA supergene on chromosome 6 is shown in Figure 1
(Allen, Jr., 1974{ Francke and Pellegrino, 1977; Fu et al., 1974;
Gill et al., !9]8; Lémm &nd-Peteréen, 1979; Mann and Murray, 1979;
Raum et aZ:, 19}6; Schreudgr et al.,~1979; Teisbérg et al., 1976;
Weitkamp et al., 1975)1
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Figure 1: CHROMOSOME 6
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The identification, defiﬁi@ipn andlgeneﬂic resé%ut%on_of
HLA antigens has resulted from the studies of many ihvestigators over
the last two &ecades. ‘Thg rapid progress in the development of
knowledge in this area could be attributed to internatiéna] collabora-
‘tion during eight International Histocompatibility Workshops: The
results of these collaborative efforts have produced the identification
of 90 alloantigens coded for by 5 HLA Toci (Table 1). fhe existence
of such.a miltiallelic system arose from the primordial need %oi a
sé]f-recqgnition and self-defense éystem (Dausset and Contu, 1980;
5]ein, 1975). Subsequeﬁt eyolutionary advances incorporated spontaneous
mutations in this genetié region. These mutatigns may hévq conferred

selective advantage or disadvantage upon individuals carrying these
N

alleles (Bodmer et al., 1973; Gill et al., 1978; Pious and Soderland,

¢

1977). , S

- 1.1.2. The HLA-A,-B. and--C antigens

“The HLA—A,;B’and -C antigens are the products of three multi-
allelic loci, respectively. There are at the presént 20 antigens
seroiogically detectable on the A locus, 40 antigens on the B locus,
and 8 antigens on the C 16qus (Table 1). The products on ?hese 3 loci
are detectable on a]i nuc]eated.ce11s in the body, on plateiéts, in
saliva (Barnstable et al., 1978; Gill et al., 1978; van Rood et al.,

.1975), and in serum (Allison et al., 1977). They\are also ﬁresent on
the.deve1pping embryo, however, not until thé ﬁthlweek 6f fetal life

(Gi1l et al., 1978).

-
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Table 1

«  WHO-Recognized HLA Specificities - 1980

HLA-C

CW1
CW2.
CW3
Cwa

- CW5

CW6
CW7
CW8

HLA-D

© DW1

DW2
DW3
Dwa
Dws -
DW6
DW7

. DW8

DW9
DW10
DW11
DW12

"HLA-DR

DR1
DR2
DR3
DR4
DR5
DRW6
DR7
DRWS8
DRW9

DRWI0
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| The existence of these ant1gens was first described by
Dausset who found white-cell agglutinins in po]ytransfused patients
Dahssét 1954). Paynp and van Rood independently identified
1eukocyte agglutinins produced by feta1~materna1 st1mu1at1on (Payne
anleo1fs, 1958; van Roodeet al., 1958). Current]y, the 1ymphocyte/

cytotoxicity reaction is the most Wide]y used method for sero]ogic‘ '

oo test1ng (Terasaki.et at:, 1978).

1’(‘.?'!

I.1.3. The HLA-D antigen;

There are 12 alleles which have been assigned to the HLA-D

Jocus (Table 1). The strong prol1ferat1ve responses seen in the

" “MLC are due’to disparity at the D Tlocus. _The MLC test is considered

to be the <n.vitro h?moiogue of~the <n vivo immune response (Smith

and Royston, 1975). This technique, originally reported independently
by Bdch and co-workers (Bach and Hirschhorn, 1964) and.by-Lowenstein and
co-workers (Bain et al., 1964), involved the mixing of.periphere1

blood 1ymeh0cytes.from two unrelated people .and subsequent examfnation

of the cells for morphological evidence of transformation from small

" -to large blast cells. - The value of the MLC test was proposed as a

means of evaluating the histocompatibility and‘immuno1qgic competence
in patients receiving homografts (Rubin et aZ., 1964).
The'HhAfD antigens are present on,B 1ymphocytes> macrophages,

!
\§perm and epidermal cells (Thorsby et -al.., 1977).
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1.1.4. The HLA-DR antigens

The HLA-DR locus is also multiallelic and is responsible for
the coding of the 10 HLA-DR antigens which are, to date, detectable.

These antigens are. serologically detectable.

The ex%stence of the DR antigens was first reported by Walford

and co-workers (Walford et al., 19?3). They described these allo- -
antigens as "extra" reactions by HLA typing sera, against chronic
‘1ymphocytic‘1gukemia (CLl) cells. These authors .referred to these
antigens as bé]onging to the "Merrit" system. However, it was fhe
identif%cation of a group of a]]oantigeh% present on murine B cells
‘but absent fébm T cells (Duckler and Sachs, 1974; Haubtfe]d&et al.,
1974) which greatly stimulated the search‘to find a comparable
situation in humans. The réports coﬁfirming-the existence of the
HLA-DR ‘antigens were presented independently by Bodmer et al. (1975),
Terasaki et al. (1975) and 'van Rood et al. (1975) at the 6th
International Histocompatibi]ity Workshop and Cogference‘in Aths, .
Denmark; in 1975.

Figure 1 shows thét tﬁé exact location of the HLA-DR 1ocu;
is' not'yet known. 'To date, it is unclear whether the HLA—D and -DR
‘antigens are the same (Albrechtsen et al., 1977a,b; Bodmer, J., 1978;
Fradelizi et al., 1976; Fuller et al., ]§78; Mann and Murray, 1979;

Reinsmoen et al., 1978; Shackelford and Strominger, 1980; Suciu-Foca’

et al., 1978b; Terasaki et al., 1978). Also, it is unknown whether

the HLA-DR antigens are coded-by'one or more loci {(Albrechtsen et &Z.,

1977b; Park et al., 1978; Tosi et al., 1978).
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There are many reports confirming the presence o? DR antigens

on B lymphocytes (A]brechtsen et-al., 1977b; Bodmer, J., 1978; Hoffman

et al., 1977; Mann et al., 1975; Reinsmoen et al., 1978; van Rood et
at., 19755 and‘a report noting their absence from immunog]obu1in;
producing plasma cells (Honig, 1976). These antigens are also detect-
able on monocytes (Albrechtsen, 1977; Bodmer,‘J;, 1978; Mann et ai.,
1975; van Rood et al.,‘1975), on epidermal Langerhans ce]]% (Forsum

et al., (19785 Hirschberg and Thorsby, 1976;.K1aresko§ eé al., 1577p;
Rowden et al., 1977; Stingf et al., 1978), on the other cells belonging
to the reticuloendothelial system, which reside in various organs of
the body (e.q., 1iver -Kupffer cells; kidney - mesangia1‘ce112)

(Koyama et al., 1979)‘and on sperm (Hajin‘and Festensfein,'1975).

. B lymphoid cell 1ines‘(Ha1per et al., 1978; Honig et al., 1976) and.

iymphocytic and myé]ocytic Teukemia cells (Billing et al., 1976a;
Mann and Sharrow, 1979) are DR positive.’ The DR antigens have been
detected on ﬁye]ob]asts, which are precursor cells to granulocytes,
but not on mature granulocytes (Ross et al., 1978).
‘Earlier works reported the abseﬁce of murine B cell a110$ntigens

from T cells (Duckler and Sachs, 1974; Hayptfeld et al., 1974). Similar

results were obtained in the earlier studies on human T cells (Bodmer

" et al., 1975; Simpson, 1975; Terasaki et aZ., 1975; Winchester et al.,

1975). At that time, T blasts“were also considered to be negative

for HLA-DR alloantigens (Billing et al., 1976b). Repéntly, however,

- investigations.have shown  that although "resting" T cells may be DR

negative, such is not the case for "activated" T cells and for certain
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subsets of T cells. T cells reactive with HLA-DR antisera have be;n
found after sensitization in MLC (DeWo]f et al. '1979; Evang et al.,
1978, Greaves et aZ. 1979; Suciu- Foca et al., 1978a; Zimmerman et
al., 1979) and fo]1owing‘phytohemmagglutinin (PHA) or Concanaéaﬁin A
(Con i) stimulation (DeWolf et aZZ, 1979; Ferrone ét\az., 1980;
Gerbaseibngmaw 1980; Kaszubowski et aZ., 1980; Metzgar et al., 1979).
These T cells belong to the Ty subpapulation (suppressor cell function,
IgG-Fc receptor positive). However, Ferrone et al. (1980) reported
that fo]]owinq‘PHA stimulation, both Tu (helper ce]} fuﬁction; IgM-Fc
receptor positive) and Ty subpopulations were DR positive. In addition,
Yu et al. (1980) have demonstrated an increase in the number of DR
positive T lymphocytes during certain diseases, p§rticu1ar1y in
rhegmatoid arthritis, systemic 1bpus erythematosus, Staphyioaoccus
aureus infection, osteomyelitis, pneumococcal pneumonia ggd acute
cholecystitis. They also found. an increase in the DR positive T cell
popu]at1on f0110w1ng immynization with tetanus tox01d or PPD (purified
protein der1vat1ve . Mycoplasma tuberculosis) at the 1n3ect1on site
in oeople who reacted to the immunization.
The' requirement for strong prbTiferative responses in MLC has

long been ‘taken as disparity at the D locus. In fact, the MLC test
" has been emp1o¥éd in the definition of the alleles of the D Tocus.
| However, as the DR antigens were identified, not only was the unitary
control By the D locus questioned, but the identity of the D and DR
loci as well. Studies suggest that although the D Tocus may effect

control over MLC reactivity, the products of the DR Tocus are responsible
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for fhe gtimu]us for cells to proliferate in the MLC (Albrechtsen
et al., 19785 Bergholtz and Thorsby, 1979: Bonderik et al., 19753
Ceppellini et al., 1971; Fradelizi et al., 1978; Fuller et al., 1978;
Hirschberg et al., 1977; Humphreys et al., 1976; Jonker et al., 1975;
Opelz et al., 1975; van.Leeuwen et al., 1973). In addition, 5 second
MLC locus associated with HLAjA has been reported (Johnson et af.,

1975; Sheehy, 1978; van Rood et aZ., 1977b).

1.2. Characteristics of HLA Antigens

Three fundamental characteristics best descriibe the HLA system.

One, it is the most polymorphic system ever described in man. This is

evidenced by the number of alloantigens coded by the 5 HLA loci (Table 1).

Secondly, the al]elgs of the different Toci are in linkage
disequilibrium, i.e., sets of alleles occurring together moré-frequent]y
than would be expected by random assortment. This increased frequency
of certain haplotypes (a group of alleles of linked genes contributed by
.either parent) is statistically significant and different patterns exist
in different ethnic populétions. For example, the most common haplo-

tyoes in North American Caucasians are:

HLA-A1-B8-DR3
HLA-A3-B7-DR2
HLA-B15-DR4

The third characteristic of the HLA system is the existence of

cross-reactivity among various HLA specificities belonging to a locus.
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Cross- react1v1ty is the phenomenon whereby an ant15bdy reacts with an 3 .
antigen that is similar to that ant1gen whdich spec1f1ca11y’st$mu1ated ' v

the ant1body S synthes1s. The purpose of a system hav1ng such a charactér-

istic is more the result of its po]ymorph1c nature and‘natural se]ect1on o '

y e
’

than an attempt to have a cross reactlve pattern. Studies cbmbariﬁg

the cross-reactivity of the HLA- A -B and -C ant1qens by xenogene1c .
o .

antisera give credence to the viey that the HLA ant1gens arose through

gene dup11cat1on of a common ancestraI gene (Rask ;t at., 1976) ?peh ‘

amino acid sequences of HLA-AZ and -B7 show that there is on the order s

‘of an 80% average in the homology between the two antigens (Herring, . ': .7

1978; Orr et al., 197%;-Parham et al.; 1977) \,. \ oL T
Examp]es of cross- -reactivities amongst the HLA A and QLA B .

antigens are given in Figure 2 and amongst the HLA-DR ant1gens in F1gure ‘.

.
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[.3. Biochemistry of the HLA Antigens \ ‘ "

I . 3 ¢ ] * :’i;%é;-A.. z-;-‘iB'#";gf

The physical structure of the HLALA and —B‘antigens has shown’ :
that following papain so]yﬁi]izatidn there is a 54,000 dalton'cpmponeqt:;;-u
and a 12,000 dalton component (Kvist et al., 1978; Oer et al., 1979b;' .
Strominger et al., 1976; Tragardh ¢t al., 197§). _The heavy comeonent,

a glycoorotein, carries the antiqenic natureﬁof the HLA antigens as well

as all the carbohydrate ﬁoeieies‘which have no antigenic function

(Barnstable ot al.,.1978; Feinstein, 1979; Herring, 1978; Parham ot

al.; 1977). Studies of the HLA-B7 molecule show that it posssesses 271
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HLA-A, -B AND -C ANTIGENS, THEIR SEROLOGY
AND CROSS-REACTION

A ANTIGENS

A9 (Aw23=Aw24)
Aw36—A1— A10 (A25=A26)

A3=A11 Aw19 ( A29-—Avslll30-—A'w32-—Aw33—Aw34 )
Awd3 Aw31

/

A2=A28
B ANTIGENS

Bw16 (Bw38=Bw39)

B18---B14=B8

I

Bwb53=Bw35=B5 {(Bw51=Bw52)

" B15=Bw46 -

l . Bw21 (Bw49=Bw50)
B17 :

B12 (Bw44=Bw45)

’
’
»

‘Bw54—-Bw22 . '
~ ! . .

'l
~ 4

oY o
Bw42-87—~B27 KEY
i I ,"l ; Strong cross-section

Bw41--B40' Bw47

.. ) —-——\Establisﬁed cross-reaction

Bwdg B13 = mmemes Occasional cross-reaction

” Figure 2: Some-cros}s-reactive patterns of HLA-A
and -B antigens ]
Joysey & Wolf, 1978 '
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[  DR6-DR3
DR2™
C
/DR4\ i
DR7 -~ \Dﬁs
/

DRS8

Figure 3:
Cross-reactive patierns
of some of DR antigens.

Bodmer, J., (1978)
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13
amino acid residues-with 2 intrachain disulphide bridges with 2 loops,
65 and 55 amino acids lTong, respectively, separated by a 38 residue

segment. There is internal homology between the N terminus (residues

1-90) and the region including the first disulphide loop, regidues 91-180

(Orr et al., 1979b).

The heavy chain is non—cova]ently bound to the small chain
(Barnstable et al., 1978; Strominaertet al., 1976) which has been
iden£ified as Bz microé]obu]in (g.m) (Barnstable ét al., 1978; Herring,
1978). The Bzm,'although physically associated with the MHC-coded
" heavy chain, is known to be nonglycosylated and coded for by a gene

located on chromosome 15. (Bodmer, 1978; Goodfellow et al., 1975;

Herring, 1978; Krangel et al., '1979). The g.m is invariant-in structure

and rabbit antihuman g.m Bntiserum reacts with chicken g.m (Feinstein,
1979; Kvist et al., 1978).. Human g.m contains a single disulphide-
bridge (Strominger et al., 1976). -Although not directly involved in
the antigenicit& of the HLA-A, -B, -C antigens, g.m is essential to
the structure as its apsencé lgaves the heavy chain antigenically in-
active (Barnstable et al., 1978; Welsh et al., }977).

The HLA antigen complex is an integral membrane glycoprotein
whose carboxyl terminal passés~£hrough the 1ipid bilayer to the cyto-
plasmic side of the plasma membrane (Barnstable et al., 1978; Herring,
1978; Krangel et al., 1979; Walsh and Crumpton, 1977). Quantitative
gtudies have shoWH that B lymphocgtés expfess three t%mes as many HLA
antigens as expressed on T.cells (Pelligrino et al., 1978).

Notéworthy are the similarities between the two coﬁbonents of.

the HLA-A, -B, -C antigens and the immunoglobulins. Consideration has
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been given to the point that they‘arose~from common ancestral genes
" (Barnstable et al., 1978; Feinstein, 1979; Orr et.al., 1979c;
Strominger et al., 1976)..The Bym, first isolated from human urine,
shows strong.homo}ogy ta the C,H domain of IgG (Strominger et al.,
1976). The heavy cha’in of HLA-B7 contains an 88 residue fragment which
-also bears strong homology to the immunog1obﬁ1in constant domains (Orr

et al., 1979¢c).

1.3.2. HLA-DR .

The biochemical nature of the HLA-DR\antigens is fundamentally
different from that of the HLA-A, -B, -C antigens. This difference is
in the comp1efe independence from g,m (Barnstable et’'al., 1978; Billjing
et aQ;; 1976b; Snary et al., 1977; Sullivan et ?Z" 1979). The DR
. antigens are compq;ed of two qucobkotefn chqinginon-cova]ently 1inked
in a one to one subunit struetﬁre ratio (épringer et al., 1977a). One
chain has an apparent molecular weight of 33,000-35,000 daltons and has
been refer;edlto as "heavy chain", "alpha chain" or "p34". This A
acidic chain (pf = 5;4) demonstrates very 1itt1g phenotypic variab{1ity.
The second chain’has an abparent molecular weight of 27,000 - 29,0D0
and it has been referred to as "light chain®, "beta chain" or "p29",

It is a neutral chain (pI = 6.1) with more variability in structurg,

\ \
size and charge (Barnstable et al., 1978; Bi]]iﬁg et al., 1976b; |
Humphreys et al., 1976; Klareskog et al., 1977a1t8hacke1ford and

Strominger, 1980; Snary.et al., 1977; Springer et al., 1977a, b;

-3

Sullivan et al., 1979). ' \

\

!
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Studies where the HLA-DR antigens were separated into their

component "alpha! and "beta" chains, ,anti-DR antisera bound preferentia]1y‘

to the "beta" subunit (Silver and Ferro%e, 1979).' Also, there appears ’

'

to be both structural and antigenic similarities between ﬁLA-DR antigens
and their counterparts in the mouse4(8111ing et al., 1976b; Kvist~et

al., 1978; Nilsson et al., 1977; Shacke1fqrd and Strominger, 1980;

Silver and Ferrone, 1979; Springer et aZ., 1977a; Sullivan et al., 1979),
the guinea pig (Barnsﬁab]e et al., 1978; Kvist et aZ.,(1978; Springer

et al., 1977a) and also tﬁe monkey, rat, cow, pig and chicken (Barnstable
et al., 1978). .

Comparisons with the well studied murine MHC, the H-2 regidﬁ,
shéw that the products of the I-E/C region c]qse]y,resemble the DR
antigens, with‘“alpha" chains demonstrating as mucﬁ as 90% homology anﬁ
"beta" chains as much as 50% (Shackelford and Strominger, 1980; Si]yér
and Ferrone, 1979). | ‘

The orientation of the DR antigens is such that the protéo]ysis
sensitive carboxyl end of both chains passes through the 1ipid bilayer
to reach the.cytoplasm. A hydrobhobic region, penultimate to the
carboxyl terminaT,‘isjresponsib1e for membrane binding. The amino
terminal is completely extracellular (Barnstable et al., 1978; Kaufman

and Strominger, 1979)., The relationship of orientation to function may -

‘allow these membrane components to act as a §oute fdr the direct transfer

of information from exfrace]lular to intracellular (Barnstable et al.,

1978).
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I.4. Biological and Clinical Functions of HLA Antigens

The functional aspécts of the HLA system have beeﬁ studied with
two physiologically ihteg%ated considerations. One approach concerned
itself with the manner in which the HLA system could serve the practice
of medicine, e.g., organ transp]antation; disease‘associations. The
secbﬁd approach examined the -biological significance of the HLA system,
e.g.,.contro} of cell-cell interaction, and cell differentiation:(Bach

et al., 1979).

1.4.1. Qliﬁipa]

The conceﬁf of matching cell surface-antigens for organ -trans-
plantation dates back to Carl Landsteiner. More'recently,ﬁstudies have
shown that the matching of donors and recipients for HLA-D and -DR has
provided a significant improvement in graft survival rates. Van Rood
et al. (1979) have demonstrated that matching for either one of two DR

alleles improved one year kidney survival rates to about 80%, wh%]e also

-matching for HLA-A, and -B alleles increased one year survival rates

to 90%. While antibodies to the HLA-A, -B, -C antigens ofobab]y result
in hyperacute rejectiaon, reports are contradi;tory‘with respect to the
effects of pre-transplant anti-HLA-DR antibodies on graft survival
(Thorsby, 1979), Studies have shown that with respect to graft rejection
the HLA-A, -B, -C antigens function primarily as target antigens,
although DR antigens may alsd be invalved for cytotoxic (killer) T cells.
The products of the HLA-D and -DR Toci are responsible for initiatfon

of allograft immunity (Thorsby, 1979).

\-
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Theassociation of HLA with diseases is discussed separately‘-

-

(Section 1.5).°

I.4.é. Bio1ogiqgi .

Studies.of the biological significance of the HLA system have
shown that the products o% the HLA-A, -B, -C loci are involved in |
restricting cytotoxic T céll régoonses to virus-infected targets or
to target cells expressing ﬁinor histocompatibility antigens (McMichael
and Mcbevitt, 1977; Thorsby, 1979). '

The interactions between B cells and T cells, as well as between
- T cells and macrophages are strongly influenced by self-HLA-D/DR anti-
gens (Albrechtsen, 1977; Bergholtz and Thorsby, 1978, 1979; Bergholtz
et al., 1980;rFriedman et al., 1979; Simpson and Matsunaga, 1979;
* Strelkauskas et al., 1977). The pathOphysiology behind contact dermatitis
has peen shown to possibly invo]ye an altered-DR antigen on ep?derma]'
Langerhans cells (a reficy]oendothe]ial cell) as the means of stimulating
autologous killer cells (Forsum et al., 1978; Klareskog et al., 1977b).
The expréssion of DR antigens also seems to involve requlatory mechanisms,
carriedlout by T cells, particularly Ty cells and suppression (Eng]eman{
et'aZ., 1978; Evans et al., 1978:; Mann and Sharrow, J979; Shuurman et
al., 1980; Strelkauskas et.al., 1977; Yu et al., 1930). Thé‘invq1vement
of the DR éntigens is presenﬁ 1n-imﬁuno1ogica] suppressor factor '
mo]ecu1és (Enqleﬁan et al., 1978).

Mann and Q?chmore (1980) discuss the'associgtion of DR an;igens‘

with mono and o]igosaccharjdes with respect to antigen-antibody reactions. -
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They suggest that the DR antigens act as receptors for these sugar

~ molecules as a means of ce]lu]aq interaction, whereby monocyte "recognition
. ' |
of syngeneic T cells occurs through specific cell surface carbohydrate

structures on the T cell surface. ' )

B lymphocytes and neutrophils, during the course of their
rgspective differentiation bafhways, pass through a DR-positive period
to a DR-negative period. In the case of B lymphocytes, the terminal
plasma cell is DR;negafive (Halper et al., 1978). 'In the case of
neutrophils, the DR-positive hye]ob]ast loses its DR antigens in thé -
promyelocyte stage (Ross et al., 1978). The role of DR antigens in
B cell differentiation is most dramatich]y portrayed inithe cqﬁgenita]
disorder "ipfantile aéammaq]obu1inemia". Patients with Fhis disorder

completely lack detectable DR antigens and consequently fail to develop

© any B lymphocytes (Hoffman et aZ., 1977).

[.5. HLA and Disease

The search for associations between the HLA system and disease
can be said to take its origins from the report by L111y et al. where
they descr1bed the influence of the murine H-2 complex upon suscept1b111ty

to Gross leukemia virus and subsequent d1seqse (Lilly et al., 1964)-.

I1.5.1. HLA studies with respect to disease
The approach to studying the association between HLA and disease

has been divided into four main -areas with respect to disease. There

-
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" in which autoantibodies are present.
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are those diséases that may involve heréditary components. The best
known association in this group of diseases is between HLA-B27 and
\ankylosing spondylitis which occurs predominantly in males (Dick, 1978).
The second éroﬁp 1nc1ddes malignant diseases. .Lilly e% al.(1964) were
the first to demonstrate an association between the murine histocompati-
bility eomp]gx and virus-induced leukemia. Unfortunately, such a strong
association between malignant diseases aﬁd HLA(has not been found in
humqns. Thirdly, there are‘those diseases which involve immuno]oé%ca]
.phenomena as the basis‘of the patho]oqy. Here, it seems that HLATB8/DR3
have shown the most consistent pattern, particularly in those disorders
Examp]es incfude juveni]e-onget
diabetés, Graves" disease (hypertﬁyroidism)tand Addison's disease.
Finally, are the miscellaneous group o% disorders which do not fall into

any one of the previous categories. For example, Behcet's disease in

. Japanese which is associated with HLA-B5 (Ohno et aZ., 1973).

Table 2 gives some of thé currently knbwn HLA and disease

associations. The proposed mechanisms of HLA association with diseases

. can be considered in the following areas: immune responsiveness,

cross reactivity, linkage aﬁsequilibrium, and receptor functions (Dick,

1978; Rosenberg and Kidd, 1977).

1.5.2, Immune responsiveness

_The concept of immune response genes is a combination of both

Burnet's cTonal selection theory and Jerne's surveillance theory which

" proposes that a gene 6r group of genes control the response of the immune

]
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Table 2

HLA-Associated Disorders*

Condition

Hodgkin's disease
Idiopathic hemochromatosis

Behcet's disease ]
Congenital adrenal hyperplasia
Ankylosing spondylitis
Reiter's disease :

Acute anterior uveitis
Subacute thyroiditis

Psoriasis vulgaris

Dermatitis herpetiformis
Celiac disease

Sicca syndrome .
Idiopathic Addison's disease
Graves' disease '
Insulin-dependent diabetes

Myasthenia gravis

SLE
Idiopathic membraneous’ nephropathy

Multiple sclerosis
Optic neuritis
C2 deficiency

Goodpasture's syndrome
Rheumatoid arthritis
Pemphigus (Jews)

IgA nephropathy o
Hydralazine-induced SLE
Hashimoto's thyroiditis
Pernicious anemia

- Juvenile rheumatoid arthritis: pauciart

* Taken from §vejqaard et al. (1981)
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.system to an antigenic challenge (Greenburg and Yunis, 1978; Levis and

Berry, Jr., 1975; Sasazuki et aZ., 1977). The phenomenon of aging

v B L 4
assists in the study of immune responsiveness in that certain age-related

changes appear to alter the control of the immune genes resulting in

'.increased or decreased susceptibility to a disease (Greenburg and Yunis,

1978;Jdlivér, 1977). " The group of autoimmune related diseases might
gest_exémp]ify this point. This group of diseases, which have in common
the presenée of an antibody airected against a tissue of the bodx, are
thought to be the result of a change in the control of the body's immune
responsiveness.” The pathophyéio]ogy of Addison's disease, a disorder
consisting of adrenal hypofdnction, involves the preseﬁce of antibodies
directed against adrenal %iSSue. Similar to other‘diseases of this
group, Addison's diseasé is associated with HLA-B8 and Du3 (McMichael

and McDevitt, 1977).

[.5.3. Cross-reactivity

*Evidence seems to support a.concept which wduld include immune
responsiveness with the mechanism of cross-reactivjty ip the HLA and 5:
disease associatjon (Dick, 1978).‘ Antigen mimicr} may ekp]ain as to
why an agent is not "recognized" as foreign and thereby allowed to
follow its course of pathology. Included in this concept of cross-
reactivify is the possibility that there is an interaction between a
solubilized HLA gene product and a pathological entity (e.g.) a virus
or toxin) which gubsequent]y confers host susceptibility or resistance to
this enfity, "altered-self" (Bias and Chase, 1977; Dick, 1978; Greenberg
and Yunis, {978; Mann~and Murray, 1979; McMichael and McDevitt, 197%;
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Sasazuki et al., 1977; Svejgaard and Ryder, 1976). Ankylosing spondylitis,
an arthropathy involving the sacro;i1iac joiﬁt, aemonstrates a significént
association with HLA-B27 (Caffrey and Jarnes, 1973). A concept of antigen
mimicry ha's been postulated between HLA-B27 and bacilli of the Kilebsiella
species, thought to be involved in the disease process (Seager et al.,

1979). The available evidence is, however, weak (Svejgaard et al., 1981).

I.5.4. Linkage disequilibrium

The concept of linkage disequilibrium as a mechanism for the HLA
and disease association suggests that the HLA gene is in linkage dis-
equilibrium with a disease susceptibi]jty(gene(s). This phenomenon may
be involved with genetic selection and survival of the fittest (01iver,
1977 Sasazuki et al., 1977: Thomseh and Bodmer, 1979). Although
muitiple sclerosis, a debilitating neurological diseasé, may not have
materially altered evolutionary selection its association with the HLA-A3-
B7-DR2 1ink$ge group is a noteworthy example here, in that both the HLA

linkage group and mutliple sclerosis are preéent in high freqﬁencies in

northern Europeans,

[.5.5. Receptor function

Finally, HLA antigens could function as membrane receptors for
microorgariisms, e.g., infectious agents (Rosenberg and Kidd, 1977) and
body products, e.g., hormones (Svejgaard and Ryder, 1976). However,

evidence for such a mechanism is not yet available.
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1.6. Diabetes Mellitus

Diabetes mellitus (DM) was first recognized as occuring iﬁ | i
families by the ancient Hindus (Tatersall et aZ., 1980). One can
attribute the clinical manifestations to metabolic disorders involving
carbohydrates, fats and proteins (Robbins and Cotran, 1979). ‘The
complexity of DM is obvious upon examination of a tentative National

/Ipstitutes of Health classification (Céhf11, 1978) which herein includes
the clinical types (Fajans et al., 1978) (Table 3).

The common occurrence and potentially lethal nature of this
disorder in which theré is a great deal of evidencé for familial pre-
disposition has préded continuing search for answers in this "geneticist's
nightmare" (Neel, 1977). Twin studies have best demonstrated that in
fact this is a genetically heterogenéous disorder. The strong concordance,
as high as 90%, among MOD diabetic twin pairs suggests this type of DM
to be predominantly inherited. The low concordance in JOD diabetic twins
lends itself better to a’recessive or multifactorial mode of inheritance
with varying degrees of penetrance (CTahill, 1978; Craighead, 1978; Ganda
and Sog]dmer, 1977; Ginsberg-Fellner, 1980; Neel, 1977; Rubenstein ot
al., 1977; Tattersall et al., 1980).

The division of DM for the purpose of HLA studies, for practical
reasons, includes only JOD and MOD, o i

The heterogeneity of DM is further supported by the significant

m 8

increase in certain HLA antigens in JOD but not in MOD (Barbosa ot al.,
1978). Various studies report the significant increase in HLA-B8, -B15,

-B18, -Cw3, -Dw3, -Dw4, -DR3 and -DR4 (Bertrams et al., 1979; Cudworth
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Table 3

Diabetes Mellitus - Tentative NIH Classification

* and Clinical Forms*

MIH Classification Clinical Types
stage age
Type 1  insulin dependent i) ketosis prone i) classic in
: juveniles (JOD)
ii) preketosis ii) at any age
prone
Type 2 non-insulin dependent %;2
a) non obese
i) insulin requiring i) requiring insulin i) maturity onset
i) non-insulin for correction of diabetes of
requiring fasting hyper- middle age or
Tycemia older age groups
b) obese 9 .
i) insulin requiring i) non requiring - (MOD).
. . X insulin 1) maturity onset
ii) non-insulin :
L diabetes of the
.., requiring young (MODY)
iii) gestational 9
iv) impaired glucose N ”
tolerance

v) previous abngrmality
of glucose talerance
vi) potential abnormality

i) hormonal -
ii) drug-induced
ii1) pancreatic disease
iv) insulin receptor abnormalities
v) other genetic and chromdsomal syndromes

*Taken from Cahill, 1978; Fajans et al.(1978)

Diabetes or Glucose Intolerance Associated with Certain Conditions or Syndromes

e -
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et al., 1979; Duquesnoy et al., 1976; Farid et al., 1978; Hammond and
Asmal, 1980; Ilonem et al., 1980; Lan@graf et al., 1976; Ludwig et al.,
1976a; Nerup et al., 1974; Richens.et al., 1979; Sachs et al., 1980;
Singal and Blajchman, 1973; Solow et al., 1979), as well as-a significant
‘decrease in HLA-B7, -Dw2 and -DR2 in JOD. In Japanese patients, Bw22’
is significantly increased (Wakisaka et aZ., 1976). In South African
Blacks (Xho;a trfﬁk) the increase was observed in Bw35 and A2 with a
decrease in Bwd4Z in JOD. This report also found the first markers for
MOD as being an increase in both B12 and 641 (Briggs et al., 1980), It
is also- known that HLA-B8 and -Dw3, as weld as HLA;BTS, ~Cw3 and -Dwd
respectively, exist in linkage disequi]ibrium. Therefore, it has been
proposed that JOD is associated wiih‘two different alleles and.théir
concurrent presence increases the 1ikelihooﬁ of JOD greater than either
Tocus separately (Svejgaard et al., 1975).

The'immuno]qgica] responses are quite different between JOD and
MOD. The presence of antibodies to the Islets of ﬂangerhans (ICA) in
JoD is associated\wi}h the onset of disease and may even be involved in
its etiology. These antibédie;, of the IgG class, are reactive to an
antigen common to all types of islet cells (Doniach and Bottazzo, 1977)
and are directed towards the cytoplasmic components of these cells
(Rayfield and Seto, 1978). The tendency is for high levels of ICA's
to be present initially upon diagnosis but this level declines over the
years (Doniach and Pouplard, 1976; Irvine et aZ.,'1977; Kaldany, 1979;
Lendrum ot 2l., 1976; Singal and Blajchman, 1973). The presence of ICA

antibodies also varies proportionally to different forms of OM - one

s i o s B
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in which the antibodies are transient in nature and a second, in which
the disorder is of primarily autoimmune nature where the ICA's -are
persistent {Cudworth, 1978).

The presence of ICA's lends itself to a discussion of the relation-
. ship between autoimmunity and DM. Huang and MaclLaren (1976) first
postulated DM as-being an autoaggressive disorder when they demonstrated
cytoadherance and cytotoxicity aqainst,human insulinoma cells by lympho-
cytes from JOD. This theory was expanded to demonstrate tﬂat in fact
DM was a polyendocrine autoimmune disease. This follows with its HLA-B8
association and the tatter's association with other endocrine autoimmune
disorders (Bottazzo et al., 1978; Doniach and Bottazzo, 1977; Drash,
1980; Fajans et al., 1978; Ganda and Soeldmer, 1973; Irvine et al., 1977;
Kaldany, 1979, Ludwig et al., 1979).

The other aspects of ICA antibodies and cell-mediated immunity
also suggest a viral involvement in the etiology of the disprder: It is
not clear as to whether there is a susceptibility to the virus which
perpetrates the islet cell destruction or whether islet cells possess
an inherent predilection.for viral infection with a subsequent immune
fesponse bringing about their destruction. The control of this phenemenon
could possibly involve the immune response genes and the HLA antigens
(Doniach, 1975; Doniach and Pouplard, 1976; Drash, 1980; ngda and
Soeldmer, 1973; Nerup <t al., 1976). The first recorded observation
of a viral infectioh resulting in a case of DM was made by Stan§ in 1864
following a case of mumbs (myxovirus). More than a quarter of a century

later, in 1899, Harris noted a similar phenomenop (Koyama et al., }979;

i Tt Sy T

——r e e

b o e o

PO



27

Sinaniotis et al., 1975). More recently, Gamble and co-workers reported

the seasonal increase inEDM ca;es, peaking in the autumn and winter, and
associated this w1th Coxsackie virus infection, particularly type B4
(Gamble and Taylor, 1969 1976) as detected by ant1v1ra] ant1bod1es (Gamb]e
et al., 1959). Subsequent]y, reports of QM 1nvo]v1ng infectious agents,
or,even their aftenuafed forms in vaccines, include the other B types of
Coxsackie virﬁs (é1-3'a;d B5), cytomegalovirus, rubella, varicella,
Epstein-BaFr virus, as well as Mycoplasma pneumonia (Champsaur et al.,
1980; Nelson ot al., 1975; Ray et al., 1980; Rayfield and Seto, 1978;
Sinaniotis et al.,-1975).. An important paint is that all of these reports
involve the indirect finding of antiviral antibodies or theéiso]ation of
virus agents from specimens other than the pancreas. However, Yoon and.
¢o-workers have recovered a variant of Coxsackies type B4 virus from the

pancreat%c is1ét§ of a 10-year old boy whose islets shawed 1ymphocytic

infiltration and beta cell necrosis. The patient's serum had a neutralizing

. -antibody titre of 1:32 on the day of his death (Yoon et al., 1979). This

-

indicates an immune response to viral infection but does not c1$rify the
exact role of the virus in the resultant DM (Jansen et al., 1977).

It would seem that 1rrespectivé“of the level of control diabetic
patients achieve over their diabetes, they are prone to atherosclerosis,
microangiopathies, and infection moré so than a non-diabetic. Lesions
involving thé kidneys,'nerve and eyes are much more prominent in é%abetics
(Malone, 1977). The alteration of the active site of many enzymes by -

reagtive ketones_binding'to an arginyl residue present in that site may

be a further possibility caysing altered body metabolism (Bottazzo et al.,
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1978; bahi]]i 1978; Deckert, 1979; Moller et al., 1978). The increased
susceptib%]ity to infection seems understandable in 1i§ht of an impaired
cell-mediated immunity. This includes decreased résponses to PHA
stimu]afioﬁ and allogeneic stimulation as well as impaired killer cell
activity and granulocyte adherence, chemotaxis and phagocytoéis (Bagdade
et al., 1978; Delespesse et al., 1974; Han and Dadey, 1976; Ludwig et al.,
1976b; Schernthaner et al., 1978a).

Aﬁti-insu1in'ant1bodies may have a role in the etiology of JOD:
however, théy also appear to be a component of the autoimmune phenomenon
observed in established cases. Aﬁ association between HLA-DR antigens
and anti-insulin antibodies has been observed by some investigators
(Egeberg et al., ‘1976; Schernthaner et aZ., 1978b). The most interesting
point is thé increased incidence of a]]e?gic reactions to insulin in
JOD patients who carry‘HLA-B7 (B7 is decreased inQJOD). In additioq,‘
it has been postu]gted that high and low responders to insulin may show
an association Wsth HLA-B15 (Bertrams et al., 1976; Schernfﬁaner et al.,
1976). The presence.of autoantjbodies directed agéinst insd]in receptors
on monocytes correlates with a rare form of insulin-resistant DM (Doniach
and Bottazzo,‘1977).

This disarder of carbohydrate, fat ahd protein metabolism, which

clinically manifests itself as a carbéhydrate intolerance, has a primary

focus of insulin metabolism insufficiency. The destruction of the pancreas

islets of Langerhans either through viral infection and/or an immune
response. appear to be one etiological route. However, as DM is as

complicated a disorder as the number of its possible etiologies (Fajans

s L
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et aZ.; 1978), one must consider "other" possibilities such as a
congenital deficiency. somewhere in the long process from precursor to

functional product (Doniach, 1975).

I.7. Objectives of P(gpésed Study

The objectives of the proposed studyan]udéddetai]ed analyses
of the relationship between alleles of thé HLA system and juvenile-onset
diabetes mellitus. Previous work in this and otﬁer Taboratories demonstrated
a significant increase in the incidence of HLA-B8, -B15, -Cw3 and Dw3
antigens in diabetic patient pobu]ations (Cudworth and Woodrow, 1975; -
Cudwofth, 1978 Duqhesnoy et al., f976; Farid et al., 1978; Landgraf et
al., 19765 Ludwig et al., 1976a; Nerup et al., 1974; Rubenstein et al.,
1977, Singal and Blajchman, 1973; Wakisaka ei al., 1976). The products
of the HLA-DR locus have not beenvexamined for an association with juvenile-
onset diabetes. Sin¢e HLA-DR antigens are théught to be associated or
linked with immune response genes, we studied the distribution of HLA-DR
antigens in juvenile-onset diabetes patie?ts and in a control popu1a£ion.
In addition, the objectives of the proposed work included studies of the
nature of the associations of HLA-DR ve;sus HLA-A, -B, -C antigens w{th

A
juvenile-onset diabetes.



IT. MATERIALS AND METHODS

i

IT.1.. Cell Preparation

I1.1.1. Peripheral blood lymphocyte preparation (PBL) for HLA-A,-B,-C

typing

The isolation of PBL was based upon a technique described by
Boyum (1968). A 10 m] sample of blood was Eo11ected by .venipuncture into
a heparinized Vacutainer tube (Becton Dickin§on Co., Mississauga). The
b]oéd was diluted 1 in 3 with a Hanks' balanced salt solution (HBSS)
(Grand Island Biological, N.Y.) and layered over a Ficoll-Hypaque solution
(sp. g. = 1.077) (Pharmacia Fiﬁé Chemica]s,‘prsa1a, Sweden).' The cell
suspgnsion was spun at 400 g for 20 niin in én MSE GT-2 centrifuge
(Measuring & Scientific'Eéujﬁmené Ltd., Sussex, England). _The interface,
consisting pFimari1y of PBL, platelets and monocytes , was-re£rieved.
One drop of a 0.5% adenosine diphosphate (ADP) solution (Sigma Chemical
Co., St. Lduis) was added per ml of the cell suspension and ‘this was
mixed gently until 1arqg agqreqates of platelets were observed. The
suspension was épun at 1000 g for 5 sec in a Fisher Model 59”centrifuqe
(Fisher Scientific Co., N.J.) to reﬁove the platelet aggrggateﬁ. The
supernatant was recovered and the cells washed twice Qith HBSS. The
final cell suspension was adjusted to a céncentration of 1 X 10% cells/ml

in HBSS.

30
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11.1.2. B lymphocyte preparation for HLA-DR typing

Human PBL were prepared as desc¢ribed above. The lymphocytes
were washed with HBSS qnd_resuspended in approximately 5 ml of a 1% .
bovine sérum atbumin (BSA) (Pentex BSA-fraction V,.Milés Lab.; Inc.,
Elkhart?\Ind.) solution. .To this, one drop of a 5% V/v suspension of.
neuraminidageJtreated sheep red blood cells (SRBC) (Woodlyn Labs. Ltd.,

Guelph) was added per 10° lymphocytes so as to give a cell ratio of ( i

e ¢

10 Tymphocytes to one SRBC. The lymphocyte-SRBC cell mixture was incubated
at room temperature (RT) for 30 min, then spun at 200 g for 5 min and
further incubated for 60 min-at 4°C. The cells were gently resuspended

and layered over Ficoll-Hypaque solution, as described above. The Eel]
suspension was spun for 20 min at 400 g. B lymphocyfe enrichgd cell
population was retrieved from the interface, washed twice in HBSS and
resuspended to a final concentration of 1 X 10% cells/ml. The f Tymphocyte
enriched population was recovered from the pellet by shock lysis of the
'SRBC with distilled water, washed twice and resuspended at a final cell
concentration of 1 X 10% cells/ml in HBSS. The B cell éuspension Wwas
evaluated for enrichment using aq;heép'anti-human Tight chain.f1uoresce1n-
labelled antiserum (Shdhu light chain-FITC) (McMaster University Host
Resistahce Programme ) and a.Leiti Orthoplan microscope fitted with a

Ploempak II vertical fluorescence illuminator and an HBO 50 mercury tamp.

I4

I1.1.3. Preparation of sheep red blood cells (SRBC): -4
A 5% v/v suspension of SRBC was prepared using HBSS and washed

twice. The cells wére treated with 25 units of neurahinidase-(GIBCO, N.Y.)
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for 30 min at 37°C and were washed three times. Thegfiné1 concentration

was 5% v/v.

I1.2. Cytotoxicity Assays

II.2.1. ‘HLA-A, B and C antigen typing

.‘The HLA-A, -B and -C antigen typing was performed using the
microdroplet cytotoxicjty assay of.Terasaki (Terasaki et al., 1978).
One ul of PBL cé11‘suspension was added to HLA typing trays coﬁtaining
1 w1 of monospecific human anti-HLA antisera. The-trays were incubated
at RT for 30 min and then 5 ul of a pooled rabbit complement were added
to each well. The trays were incubated for an additional 60 min at RT.
. The cells were stained with 1 ul of eosin Y (Fisher Scientific, N.J.) and
fixed with 5 ul of formaldehyde (37% w/w, class II) (Fisher Scientific,
N.J.). The cells were allowed to gravity settle for a minimum of 30 min
;t which time a cover slip (Gold Seal Coverg]ass{ Clay Adams, Parsippany,
N.Y.) was applied. The Feactions were scored using a Zeiss inverted
phase-contrast micrﬁscope (Carl Zeiss, W. Germanyj. The scoring was

performed with the following standard:
\ , .

\

Percentage of cells stained (killed) Score.
0- 5 o 1
6~ 10 \ 2
11 - 20 | | q
21 -. 80 6
81 - 100 8
9

&
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The reactions scored as "8" aﬁd "6" were considered positive, a reading
" of "4" was weak]y positive and both "2" and "1" were negat1ve The

patient and contro] .subjects were typed for the following HLA- A -B and o

-C-antigens: Al, AZ, A3, A9, Aw23(9), Aw24(9), A10, A25(10), A26(10),

A11, A19, A28, A29, Aw30, Aw3l,
B18, B27, B37, BA40, Bwl6, Bw38(16), Bw39(16), Bw21, Bw22, Bw35, Cwl, Cw2,

"Cw3, Cwd and Cwh.

11.2.2. HLA-DR antigen typing

" The microdroplet lymphocyte cytotoxicity test was performed using’

a
incubated with typing sera for 60 min and with the complement source for

. 120 min, respectively. The HLA-DR alloantiqens.were defined on the

basis of.reactivity with antfsera defined by the Seventh International

Histocompatibility Workshop. Test reactions were scored as déscribed

above. y
B lymphocytes were typed for HLA-DR antigens -DR1, DR2, DR3,
DR4, DRS, DR6 and DR. | "
,
IT.3. Subjects
‘II»3.1. Patient population
insulin-

Ninety-four-unre]ated Caucasians with juvenile-onset.

dependent (JOD) diabetes were typed for HLA-A, -B and -C antigens.

Sixty-two of the patients were also typed for HLA-DR antigens. The

patients were referred ﬁrom\phe’Diabetic Clinic of the McMaster University,

{

Medical Centre and the-Henderson General Hospital. - :

Aw32, BS, B7,'B8, B12, B13, B4, B15, B17,

_r/ B cell enriched, population with the following modifications. Cells were

The e s g™ ‘. oS al f oy € C,
e L B gy g, e rm&,mm\,éum.% A}Nm("'r,

]
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11.3.2. Control population

Two hundred uhre1ated! nondiabetic Caucasians were typed for
HLA-A, -B and -C antigens. Fifty-four o} these were also typed for
HLA-DR specificities.

( I11.4. Statistics

The frequencv‘disfributions of the HLA-A, -B, -C and -DR antigens
“in 'the diabetic population were compareq with those in the control
population.
o The following apéroximate test of 'significance was used to test

the differences (Colton, 1974):

.Patients Controls
HLA antigen present' . , a4 b
HLA antigen absent c d

The total, N, is equal-to atb+c+d.
The probability values were determined using standard tables

}elating probability with chi-square as below:

chi-square X2 _ []ad-bc|-N/2]2N

{1 degree of = (arc)(b+) (a#b) (ca)

The multiallelic nature of each HLA locus allows for a chance
occurrence of an “increased incidénce of one of the antigéﬁ?. To correct
" for this, the probability value for each comparison was multipjied by
~ the number of alleles at that locus. A corrected probability value of _

less than 0.05 was considered significant.

e e w7
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Correlation of coefficigﬁt values (r) were calculated as follows:

- N

The relative risk (RR) of developing JOD with the presence of

an HLA antigen was determined as follows (Woolf, 1955):

(a) X d

RR = z

To test the possibility of primary and secondary associations of

the HLA-A, -B, -C and -DR alleles with JOD, the two populations-were

subdivided- into groups of antigen-positive and antigen-negative subgroups.

The, frequency distributions of the remdining antigens were subsequently

analyzed in these subgroups using the method described by Woplf. (1955).

Y



ITI. RESULTS

The frequencies of the HLA-A, -B and -C antigens in J0D were

compared with ‘those in the control population. The frequencies for
@

some of these antigens in these two pohuTations are given in Table 4.
The incidence of B15 was significantly increased (X2

P =0.035; RR =

= 9,34; corrected

2.61) in the JOD group (30%) as compared with the

controls (14%). Similarly, the incidence of -Cw3. was significantly

i

higher (X2 = 7.07; corrected P = 0.047; RR = 2.34) in the patients (28%)

than in the conffo1‘subjeéts (14%). The incidences of B8 and Cwd were

higher in the patients than in the controls; the increases, however,

were not‘étatistical1y significant. Similarly, the Qecrease in the
\

incidence of B7 in the JOD group was not significant. In addition, the

data show a significént increase (X% = 7.12; corrected P = 0.046;

= 2.58) in the frequency of B40 in the patients (22%) as compared with

the controls (10%), The remaining HLA-A, -B and -C alleles did not

demonstrate any significant differences in their frequencies between the
9 . N .

patient and the control popu]ations

\ The 1nc1dences of HLA DR specificities in JOD and control popu-

1at10hs are given in Table 5. The incidence of DR4 was s1gn1f1cant1y

1ncreased (X2 = 7.53; corrected P =0.043; RR = 3.47) in the diabetics -

‘Also, the data show ah

Increase in the frequency of DR3 and a decrease in the 1nc1dence of DR2
]

in the patients.

(44%) as compared w1th control sub3§cts (18%).

These differences are not significant, however.

36
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Table 4

Frequency of HLA-B15, -B40, -B8, -B7, -Cw3 and -Cw4 in Normal and

Juvenile-Onset Diabetic Patient Populations

.

PO

PO SRR

HLA Patients Controls . Corrécted
Antigen " n=9% n = 200 - o ,
(%) (%). X2 P RR* S
B1S 30 14 9.3¢ 0,035 2.6
B40 22 10 7.12 0.046 - 2.58 :
oW3. 28 C~14 - 7.07 . 0.047 2.34 :
Cwd 21 n 6.39 NS 2.18
BY 29 22 . 1.50 CNS 1.47
87 18 29 305 NS 0.5

*Va1ue for relative risk

NS ="not significant

2
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Table 5

Frequency of HLA-DR Antigens in Normal and

Juvenilte-Onset Diabetic Patient Populations

Antigen Patients Controls Corrected
n= 62 n = 54

(%) (%) X2 P RR*
DR1 18 13 0.20 NS 1.47
DR2 18 38 5.12 NS 1 0.35
DR3 39 18 5.00 NS 2.84
DR4 ; 44 18 7.53 0.043 3.47
DR5 5 9 0.92 NS 0.05
DR6 21 32 1.48 NS 0.55
DR7 18 27 1.05 NS 0.58

*
Value for relative risk

NS = not significant
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The existence of linkage disequilibrium between HLA-B and -C
alleles and -DR specificities has been reported. In the present data
we found a strong 1ink§ge disequ%]ibrium between B8 and DR3 and between
B7 and DRZ in the control poputation (Table 6). However, similar
associations were not observed in the diabetics. On(the other hand, an
association between Cw3 and DR4 was observed in both qroups. Also,

B15 and Cw3 showed linkage disequilibrium in both populations (JOD,
r = 0.25; controls, r = 0.51). ‘

Alleles of the gene loci in the HLA region are well recognized

A i S P At~

to be associated with JOD. The data reported here raise important
questions. One of these questions ¢¥s which alleles of the HLA loci ‘ 3
are most strongly associated with juvenile diabetes? Therefore, we
attempted to characterize our results by Woolf's analysis. Table 7
compares the strength of the association of B40, -Cw3 and DR4 with JOD.
The two groups of subjects were divided into B15-positive and B15-negative
subgroups, and the incidences of'Bdo, Cw3 and DR4 were subsequently
tabulated. It was observed-that DR4 was significantly associated with

the diabetogenic gene(s), whereas B40 and Cw3 were not. Both B15 and

DR4 were significantly associated with the diabetogenic gene(s) when

the two groups were divided into B40-positive and B40-negative subgroups

v e T

and the incidences of B15, Cw3 and DR4 were evaluated (Table 8). DR4

was again significantly associated with the diabetogenic gene(s) when

the two populations were first subdivided into Cw3-positive and Cw3-
negative subpopulations and the B15, B40 and DR4 frequencies subsequently

tabulaied (Table 9). Neither B15 nor B40 was significantly associated
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Table 6

Aisociation Between HLA-DR and HLA-B and HLA-C
. Specificities in Normal and in Juvenile-Onset

Diabetic Patient Populations*

Patients Controls

HLA-DR2 HLA-B7 0.17 0.37
HLA-DR3 HLA-B8 0.19 0.63
HLA-DR4 HLA-Cw3 0.32 0.30

*
The data are expressed as correlation of coefficient (r)

-values.

e e —r—— e i g € =
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Table 7
Chi-Square Tgst for an Association Between B40, Cw3 or DR4 and
Juvenile-Onset Diabetes After Having Divided the Two

Populations into B15-Positive and B15-Negative Subgroups

Antigens Chi-Square . ' Homogeneity
. Chi-Square.

B4O ' NS 0.1365
(p < 0.7114)

Cw3 NS : 0.7118
) (p < 0.4009)

DR4 A 6.99 . 0.0631

(p < 0.0083) (p < 0.8026)

NS = Not significant.
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Table 8

Chi-Square Test for an Association Betweén B15, Cw3 or DR4 and

Juvenile-Onset Diabetes After Having Divided Patients and Controls

into B40-Positive and B40-Negétive Subgroups

Antigen - Chi-Square Homogenei ty
. Chi-Square
B15 5.479 0:1365
| (p < 0.0193) (p < 0.7114) -
Cw3 : NS 0.3450
: (p < 0.5552)
DR4 ' 7.1889 . 0.0783

(p < 0.0042)

(p < 0.7795)

NS = th.significant.

e A A S S WP A AV Y =
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Table 9

Chi-Square Test for an Associdtion Between B15, B40 or DR4 and

Juvenile-Onset Diabetes After Having Divided Patients and Controls

4 A -
into Cw3-Positive and Cw3-Negative Subgroups
Antigen kChi—Square Homogeheity-
Chi-Square

B15 n NS 0.7118 .
o ( (p < 0.3789)

B4 NS 0.3450
. (p < 0.5552)

DR4 © . 5.94 0.075

p < 0.0147) (p < 0.7872)

NS = Not significant

. N
A, ) -
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with the diabetogenic gene(s) in this analysis. When similar calculations
were performed by first dividing the popu1at}ons into DR4-positive and

DR4-negative groups and thén tabu]ating the incidences of B15, B40 and Cw3,
only B15 was significant (Table 10).

o st
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Table 10

Chi-Square Test for an Association Between B15, B40 or CW3 and
Juvenile-Onset Diabetes After Having Divided Patients and Controls

into DR4-Positive and DR4-Negative Shbgroups

Antigen " Chi-Square Homogeneity
. Chi-Square
B15 ' 3.85 ' 0.0631
‘ (p < 0.05) p < g.8026)
B40 i NS 0.0783

(p < 0.7795)

Cw3 : NS 0.0796
: (p < 0.7795)

-NS = Not significant



IV. DISCUSSION

We have studied the distribution of HLA-A, -B, -C and DR
éntigens in juvenile-onset diébetic patients. The présent data show that
the frequencies for.HLA?BJS, -B40, -Cw3 and -DR4 were significantly
increased in the patient group as compared with the control population.
Analysis of the daté indicates that HLAsbR4 possesses the stronaest
association with JOD. The data suagest that HLA-DR4 has thé pri&ary
association with the diabetogenic gene(s) and the associations of B15,
B40 and Cw3 with‘the\diabetogenic dene(s) are secondary.

Theupreseni data support earTier observations of an association
of HLA-B15 and Cw3 with JOD {Cudworth and woodréw, 1975; Ludwig et ai.,
1976 Nerﬁp et dZ.,k1974;‘Singa1 and Blajchman, 1973; Solow et al.,
‘197Za; Thomgen et al., 1975). In relation to HLA-BS,a1fh0ugh the data .
suggest a stight increase in its frequency in the patient population, the
difference founq was not statistically significant. Similarly, the

dbrotective association" -of HLA-B7 with the absencé of JOD as reported
by Ludwig et al. (1976a) is not present in our data. In addition, the
present data show a gignificant'increase in the frequency of B40 in the
patients as compared with controls. -

The focus of our present work was the hhman B lymphocyte allo-
antigen locus, HLA-DR. The data presented here show a significantly

higher incidence of HLA-DR4 in the patients. Also, the data show an

46
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increase in the incidence of DR3 and a decrease in the incidence of DR2

in the patients. These data are in general agreement with our earlier

observations (So]ow et al.,

et al., 1977;'Cattaneo et al., 1977; Garovay et al., 1977; Jeannet et al.,

1977; Mayer et al., 1977; Suciu-Foca et al., 1977). We reported a
decrease in the frequency of locally defined B cell group 7, UKII, and
Thorsby 2 (all comparable to DR2) and an incredse in locally defined B

cell group 4 (comparable to DR4 and DR7) and UKIII (comparable to DR3) in

the JOD patients.
: The presence of linkage d1sequ111br1um between certa1n a]]eles

of the HLA supergene have been reported and may account for either a

primary or a secondary associatiof®dof HLA alleles w1th a d1sease It is

known that HLA -B15. Cw3 and DR4 are in linkaae d1sequ1]1br1um and so
Analysis of the present data by Woolf's method (1955)
It could

are B40 and Cw3.
indicates that DR4 possesses the strongest association with JOD.
be interpreted to mean that DR4 has the primary association with the

- diabetogenic gene(s) and the associations of B15, B40 and Cw3 with the

diabetogenic gene(s) are secondary.

"Nerup et al. (1974) presented evidence which indicated that the
Tevel of relative risk (RR) for developing JOD varied with respect to
homogeneity and heterogeneity for HLA-B8 and -B15. They suggested that

‘the Jevel of RR associated,with‘the preseqcé of the diabetogenic HLA
antigens increased as fo]]ows
Sveanard et al (1975) proposed a model which stated that two HLA- 11nked

diabetogenic genes existed, one associated with the HLA-B8-Dw3 linkage

"t
i

1977a, b) and those of other workers (Bodmer, J.

i B et B bt S Emanny, gl weoig

B8/x or ‘B15/x < B8/B8 or B15/B15 <« B8/B15.
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group and a-second associated with the Tinkage group HLA-B15-Dw4.
.Svejgaard subsequently modified the model to comply with more current
' evidence to say that the diabetogenic genes were associaied with HLA-bRB
.and -DR4, respectiveiy (Svejgaard et al., 1980). |

The heterogenéity of diabetes mellitus is widely accepted and
as well that JOD itself is a heterogeneous disorder (Rotter and Rimoin,
1978). Rotter and Rimoin (1979) theorized the existence of three forms
of JOD. Form 1 is the HLA-B8 (-DR3)‘assocfated autoimmune form which
involves the diminishing presence of pancreatic islet-cell antibodies
“from the time of diagnosis. This form also demonstrates a greater
incidence of microangiopq}hies. In general, the association of autoimmune
diseases with the HLA-B8-DW3-DR3 1inkagé époup has been examined and
several disease associations have been established (McMichael and McDevitt,
1977}. fhe second form‘is associated with B15 (DR@) and the patients
wifh this form o% disease tend to produce antibodies to insulin. Form 3 .
is a compound. form in which both B8 (DR3) and B15 kDR4} are present.

Several theories have Been proposed in an attempt to assign a
genétic mode] to JOD susceptibility.. Briefly, ‘the first of these theories
is based on a model involving two a]ie1es at one ]ocyé -.a diqbetes
susceptibility allele and a normal allele. This model varies with either
recessive, dominant or intermediate modes of inheritance (Svejgaard et
al., 1980). '

Rubenste{n_et al. (1977) and Thomsen et al. (1977) proposed a
recessive model with incomplete penetraqce. A dominant model with incomplete

penegiance was proposed by Spielman et aZ. (1979). Both of these models

e, ————
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have recently been rejected by Svejgaard et al. (1980).  They observed -l
that the minimal ‘diabetes' gene frequency was incompatibie with these
two models. These workers went on to propose an intermediate model of
“inheritance, however, it too had some shortcomingsl The intermediate "

model was unable to account for an age-related distribution of DR3 and DR4.".
L

HLA-DR3 was found in equal frequency in all ages-at-onset groups. The
increased relative risk for the bR3, DR4 heterozygote was also found to

be higher than for DR3 /DR3 and DR4 /DR4 homozygotes. This intermediate

' hodel is aTSQ incompatible with differences in relative risks between

HLA;DR3, -DR4 heterozygotes and DR3/DR3 or DR4/DR4 hoﬁozygotes (Svejgaarg
et al., 1980). ' ‘

The next 1e§e1 of complexity in genetic models ‘involves a three
allele modé] at one locus - fwo susceptibility a]ielgs and one normal
allele. Hodge et al. (1980) have‘p}esented such a model which appears
su%tab]e to the available data. Their model is able to account for

various penetrance modes associated with the different HLA allele

.
N

combinations previously mentioned.
| The wqu.presented in this thésis supports the concept of two
modes of disease susceptibility - the HLA-DR3 511e1g associated with
one mode and the DR4 allele associated with another mode. The resu1t§
indicated that although both DR3 and DR4 were dresent in 1nc5éased
frequency in the JOD population, only DR4 Qas significantly increased.
This could bé explained by the fact that our JOD patient population
belonged to a diabetic clinic which consisted of younger patients. On

the other hand, othér investigators who found an increase in both B8-DR3

oty B s P st
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and B15-DR4-had studied a mixed population. Similarly, it would appear
that as a result of the support preSentéd here to the two gene theory
of diabetes susceptibility, that the genetic model of three alleles at

ene locus (Hodge ez ., 1980) would also be a more logical model to

accept.

v

]

Fﬁture work in this area shgu]d emphésize better genetic definition
of JOD. Although the heterogeneity of this disorder is well knéwn and
sgyera1 genetic models have been proposed, the attempt to fit a unitarian,
.simplistic model of HLA association may not be appropriate. Therefore,

it reﬁafns to refine the definition of the association of HLA a11¢1es(

with JOD and this could be accomplished by better genetic and pathogenetic-
definitions of JOD. .
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APPENDIX

Tﬁe results presented in this thesis have been published under
geparate cover. Copies of the papers are included here.

It is with the approval of. the senior author, Dr. D.P. Singal,
that the papers are included in this thesis. As well, it is recognize&
by Dr. Singal that the author of this thesis was the major contributor

to the published manuscripts.
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APPENDIX

HLA-A,B,C and B-Lymphocyte Alloantigens in
Insulin-Dependent Diabetes

H. Solow, R, Hidalgo, M. Blajchman, and D P. Singal

TUDIES of the HLA supergene have
identified sigmificant assoctations be-
tween HLA-B alleles and insulin-dependent
diabetes. Our findings of an assoctation be-
tween BwlS and insulin-dependent diabetes
have been confirmed by other tnvestiga-
tors ' * In addition, antigens BS. Cw3. and
Dw 3 have been found i signiticantly higher
frequency in this disorder.”* [n conjuncuon
with these increases, Ludwig et al demon-
strated a statistically sigmificant decrease in
the frequency of HLA-B7 *

Evidence has been presented that demon-
strates the presence ol genctically  deter-
mined B-cell alloanugens hinked 1o, but
distinet from, those of the HLA system The
objectives of the present investigation were
to study whether these assoctanons  of
HLA-B alleles with diabetes were due to a
close linkage of HLA-B alleles with B-lym-
phocyte alloantigens

MATERIALS AND METHODS

Sixty on¢ unrelated white patients with ansuline
dependent diabetes were typed tor HEA and Bl
alloantigens The rosulis were compancd te 4 vontrul
papulation of 35 healthy sarghated white adults trom
the same geographic roion .

The HE N typing was purtormcd on penpheral bloed
hymphootes by the microdroplot Ivamphoovie oy to-
toviity tost ol Torasaha

The B-LJE ddloantigen tpimg was porlormed op g
B-cotl-onnchad fymphooyie popuiation by the tohe-
nique desenbed dhewhere T Fight Bt alloantigen
groups dee prosenthy recornizad o our laboraton

From the Depariment of Pathology M Master L nie
verwty Navulten Omtarns Canada

Supported vt part by« grent from the Medical Re-
seqrch Coundid of Canada

Reprint requests should be addressed 10 Dr D P
Smgal  Department of Pathology M Master Unoer-
un Medual Cemire 1200 Mg St B Hanulton
Omario Canada, $85 49

1977 by Grune & Stratton Ine FSSN (MR {348

Transplantation Proceedings Vol IX No 4 (December), 1977

RESULTS

The phenotype frequencies of HLA-B7,
B8, und Bw 135 in insulin-dependent diabetic
patients and m control populations are
gtven in Table 1A, In order to diminish the
probability of committing a type Hl error. we
combined the present data with that from
our previously published report (Table 1B) .
The frequency of Bwis in the patients
(28°,) was higher than that in the control
population (11°,) in the present study Al-
though the frequency of BwiS in the respec-
uve pooled patient and control populations
remained essentially the same as in the pres-
ent data, the increased frequency of Bw 15 n
patients was statsucally wigmficant (cor-
rected p < 0.001) The combined “relative
sk of developing mnsulin-dependent dia-
betes associated with the presence of ths
antigen was caleulated to be 37 umes
greater than in s absence BB was more
Irequentan patients (29°,) as compared to
normal controls (13°,) in the present series
However, no ditferences were observed in
the maidence of BY qun patient and control
groups in the pooled data The edence ot
B7 was fower in the patients (13°,) than n
the normal controly (3170 However, no
differences were observed in the phenotype
frequency of B7 i putients and control
populations i the combined dath °

The merdence of HLA-BwH0 was n-
creased In patients an the present series,
However, this increase was not statistically
sipnthcant No diflerences were observed 1n
madence ol Bwdb in panent and control
groups in the combined data

The trequencies of antgens belonging (o
the HEASC locus were meredsed in patients
for Cw il (237, patients versus 99 controls)
and tor Cw3 (28, patients versus 19 con-
trolv), Antigen Cwd was decreased i the
patient group (67, patients versus 199, cons
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Table 1. Incidence (%) of Certain HLA-B Anligens in Insulin-Dependent Diabetes and Control Populiation

fnsulin Dependent .
Drabetes Controls 2

Antigen (n = 6&1) (n = 53) X Relotive Risk
A Present data v

Bwls 28 n 418 3.16

B8 29 15 289 246

87 15 N 336 0139
8 Combined dato* (e 111) {n = 200)

Bw1$ 32 n 14 42 374

88 26 24 023 R

:Y4 17 17 00 L 100

*Present data plus dara from Singal and Blochman!

trob) The corrected p value m all instances
was greater than 0 50

No differences were observed mn the fre-
quencies of the remaining HLA antigens in
insulin-dependent diabetic patients as com-
pared to control population,

Phenotype frequencies for B-lymphocyte
alloantigens in patient and control popula-
tuons are given i Fig 1 It s evident that
the Irequency of antigen 4 was tncreased in
insulin-dependent diabetic patients (35°,) as

compared to s frequency in controls
40
g3 100
] €3 CONTROL
™
Nk
_]r-
w por
> N
g 20‘ ™ r
s

0

1 2 3 4 -] L] 7 )

Fig 1. Phanotype frequencies of B-lymphocyte
alloantigens in tnsulin-dependent diabetic patients
(10D) ond in normal controls.

(20°,). On the other handl, B-cell specificity
7 was decreased n patfents (23°, patients
versus 33°, controls). These differences
the incidence of these antigens were not
statisucally sigmificant

The B-lymphocyte alloantigens did not
show any significant association with ante-
gens of the HLA system in the present data.

DISCUSSION

Our data demonstrate a strong associa-
tion of HLA-Bw 13 with insulin-dependent
diabetes. This association 1s stronger than
the associauon ot B8 and Cw3 wuth this dis-
case. The analyses of results presented here
and those of other mvestigators suggest that
there may be differences i vanous patient
populayons studied These data emphasize
the pus?:bnh(y of two genes bemg mvoived
in the ctiology of insubn-dependent du-
betes, one hinked to B8 and the other o
Bw1s, This v supported by 4 considerable
addigve (overdominance) etlect ot BY and
Bwls C\g the relative risk for insulin-depen-
dent diabetes. Also, the increased Irequency
ot Bw1S in insubn-dependent diabetes but
nol wn other imvestigated  organ-specific
autoimmune disedses suggests that & gene
assocrited with Bw 15 maght have a different
function *

No ditferences in the frequency of B-lym-
phocyte alloantigens m insulin-dependent
diabetes and in control populiation were
found 1n the present nvestigation  The
analysis of results did not show any sigmifi-

—
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cant association of B-lymphocyte antigens
with those of the HLA system.

The present data indicate that the HLA-B
alleles have a closer association with in-
subin-dependent diabetes than the B-cell
alloantigens.,

o W ks or e swnar e
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Juvenile-onset DiabeteS'

HLA-A, -B, -C, and -DR Alloantigens

H SOLOW R HIDALGO, AND D P SINGAL

SUMMARY

We studied the distribution of HLA-A, -B, and -C antigens
in 94 juvenile-onset diabetic patients and of HLA-DR
antigens in 62 of these patients. The frequencies for
HLA-B15, -B40, and -Cw3 were significantly increased
inthe patient group as compared with the control group.’
With respect to the B-cell specificities, DRw4 was
significantly increased in the patients. Analysis of the
data to detect the possible presence of primary and
secondary assoclations between HLA alleles and
diabetqgenic gene(s) indicated that DRw4 possessed a
primary assoclation with the diabetogenic gene(s). As
a resuit, B15, B4D, and Cw3 possessed secondary
associations, DIABETES 28;1-4, Januaty 1979.

i uvenile- onset diabetes is a disease of dramatic
b4 onset and, often, fatal outcoma. It results from dis-
turbances 1n the narmal insulin and carbohydrate
metabolism ! Several hypotheses have been pro-
posed to expiain the mechanism(s) of abnormal insulin me-
tabolism, for example, viral infection and autotmmune pro-
cesses could impair insulmn production by destroying: the
islet cells pf the pancreas.? The latter have been suggested
by the demonstrahon of autoanttbodies reactnve with 1slet
cel\s” k '

" The involyement of the malor hnstocompaubtlnty complex
{MHC) in controiling smmunclogic responses has been con-
sidered. Evidence obtained m the mouse MHC, the H-2
gene complex, suggested that an area referred 10 as the
immune (1) region 1s involved in the immunologic responses
of the mouse to single synthetic antigens.* Also, the H-2*
phenotype, in the mouse, ts posttively asso¢ilated with sus-
ceptibihty to Gross leukemia virus and negatively to Tennant
leukemia virus.® In recent years evidence has accumulated
that the immune response to ordinary compiex anhigens
.and the susceptibility of laboratory animals lo expenmenl‘-

From the Department ol Palnology MecMaster University. Hamilton, Ontario,
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ally (nduced diseases, such as allergic thyroiditis® or allergic
encephalomyehtls T is also under the control of genes
closely linked with the histocompatibifity locus. The genes

thought to control these responses have been labeled im-

mune-response (Ir) genes and theu products, immune-as-
soctated (la) antigens.
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The human counterpart to the mouse la antigens has -

been studied independently by many workers.® Recently,

the locus controlling the human la antigens was dehned

as the HLA-DR locus, and seven alleles were described
DRw1, DRw2, DRw3, DRw4, DRw5, DRW6, and DRw7 ? The
DR antigens have been serologically detected an B lympho-
cytes, macrophages. sperm, and epithehial tissue *~'? Func-
tionally the DR antigens have been hypothesized to be
antigen receptors, cell-cell interaction components, or seif-

«recognition determinants 1
. The HLA-DR locus 1s a part of the HLA supergene, which
1s located on the short arm of chrompsome € * At the present |

time, four other highly polymarphic loci (A, B, C, and D)
are recognized '* These toc. although closely linked. are
distinct from each other The gene products of the, A, B,
and C loct are glycoprotein structures that are sero-,
loglcally detectable in a cytotoxicity assay. The D-locus
gene products controf lymphocyte responses, which are as-
sayed in vitro by measuring .the prohferative rasponse of
one person's lymphoeytes to those of a second persen in-
compatible at that locus This procedure is called a mixed
lymphocyte culture test (MLC) Recent advances have sug-
gested that the D-locus gene products are also serologically
datectable.!

Durnng the past few years the studies of the HLA super-

gene have demonstrated an association between antigens .

HLA-B8, -B15, -Cw3, and -Dw3 and juvenile-onset ciabetes
{JOD) "~z The association of B-cell alloantigens defined
in owr laboratory and JOD has been previously reported *
B-cell group 4 was increased and group 7 was decreased
in the patients as compared with control subjects

.

Presently we report the resuits of typing for the HLA-DR
antigens in a larger series of Caucasian, juvenilg-onset in-

sulin-dependent diabetic patients than previously Also thé
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TABLE 1
Frequency of HLA-B15, -B40, -B8, -B7, -Cw3, and -Cw4 1n normal
and juvenile-onset diabetic patient populations :

Patients. Controls

HLA n=04 n =200 Corrected

antigen (%), = (%) x? P RR*
B15 30 14 934 0035 2 61
B40 22 10 11.77 0.012 258
Cw3 28 14 7.07 0047 234
Cwd 21 ot 639 . NS 218
B8 29 22 150 NS 147,
87 18 29 . 318 NS 055

* Value for relative nisk ‘

DR antigen specificities were defined on the basis ot cyto-
toxicity using the antisera of.the Seventh international His-
-tocompatibility Workshop. We found the incidence of HLA-
DRw4 to be increased significantly in the diabetic group.
DRw3 showgd an cricregase in the diabetics and DRw2 was
decreased in the diabetics, however, neither difference was
statisticatly significant In also studying the HLA-A, -B, and
-C alloantigen frequencies, we found B15, B40, and Cw3
to be signiticantly increased in the patients Further analy-

. ses of our data showed that the pnmary association of

the MHC alleles with JOD was with HLA-DRw4 and that
the assocrations with-B15, B40, and Cw3 were secondary.

MATERIALS AND METHODS

Ninety-four unrelated Caucasians with |uvemle—onset in-
sulin-dependent diabetes were typed for HLA-A, -B, and -C
antigens. Sixty-two of these patients were also typed tor
HLA-DR antigens. The results ere compared with 200 un-
related adult Caucas»ans-type ‘for HLA-A, -B. and -C anti-
gens and with 54 subjects of the control popuiation typed
for HLA-DR specificities.

The HLA-A, -B, and -C typing was perfarmed on penipheral
blood lymphocytes by the mucrodropiet lymphocyte cyto-
toxicity test.*® The patients and the controls were typed for
the foliowing HLA-A, -B, and -C antigens. A1, A2, A3, A9,
Aw23(9), Aw24(9), A10, A25(10), A26(10), A11, A19, A28,
A29, Aw30, Aw31, Aw32, BS, B7, B8, B12, B13. B14, B15,
B17, B18, B27, B37, B40, Bw16, Bw38(16), Bw39(16), Bw21,
Bw22, Bw35, Cw1, Gw2, Cw3, Cw4, and Cw5s- .

The HLA-DR typing was performed on a B-celi~earniched
Jlymphocyte population we have previously described ** DR
specificities were defined on the basis of reactivity with

© TABLE 2

Frequency of HLA-DR antigens in normal and juvenile-onset
diabetic patient populatioas

Patients Controls | ¢

n =62 n=54 Corrected
Antigen (%) (%) x? P RR
DRwi ., 18 13 380 NS 147
DRw2 18 38 512 NS 035
DRw3 , 39 18 , 500 NS 284
DRw4 44 . - - 18 753 0043 347
DRwS - 5 9 092 NS 005
DRw6 P3| 32 148 NS 055
DRw7 - 18 27 105 - NS 058

YR GENISRRBI YIRS, . . st s ot v s

sera in the Seventh International Hastocompanbimy Work-
shop.

" The frequency distributions of the HLA-A, -8, -C, and -DR
antigens in diabetics were compared with those in control
subjects An approximate test of significance was used to
test the differences.? The data were analyzed for linkage
dlsequmbmjm between- alleles of the DR locus with those
of the B and C loci. The correlation coefficient values (r)
were calculated using the method referred to by Colton **
To test the possibility of primary and secondary associations
of the HLA-B, -C, and -DR alleles with JOD the two pop-
vlations were subdivided into graups of antigen-positive
and antigen-negative subgroups. The frequency distribu-
tions of the remaining antigens were subsequently analyzed
In these subgroups using the method described by Woolf.2*

RESULTS
The frequencies of the HLA-A, -B, and -C antigens in JOD
were compared with those in the control population The
frequencies for some of these antigens in these two popu-
lations are given in Table 1 The incidence of B15 was
srgnmcantly increased (X? = 934, corrected P = 0.035,
relative risk (RR) = 2 61) in the JOD group (30%) as com-
pared with the controls (14%) Slmllarly, the incidénce of
Cw3 was sigmificantly higher (X* =7 07, corrected P
= 0 047, RR = 2 34) in the patients (28%) than in the control
subyects (14%). The incidences of B8 and, Cw4 were higher
in the patients than in the controls, the increases, however,
were not statisticaily signtficant. Similarly, the decrease in
the incidence of B7 in the JOD group was not significant
In addition, the present data show a significant increase
(Xt.= 11 77, corrected P = 0.012, RR = 2 58} in the fre-
guency of B40 in the patients (22%) as compared with the
controls (10%) No dilference in the incidence of B18 was
observed in JOD (10%) and controls (9%) The remaining
HLA-A, -B, and -C alleles.did not demonstrate any significant
differences in their frequencies between the patient and
the control populations

The incidences of HLA-DR specificities in JOD and con-
trol populations are given inTable 2 The incidence of DRw4
was significantly increased (X* = 7.53, corrected P = 0 043,
RR = 347) in the diabetics (44%) as campared with control
subjects (18%) However, an increase in the frequency of
DRw3 and a decrease in the incidence of DRw2 in the pa-
tients were not statistically significant

The existence of linkage disequilibrium betweén HLA-B
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and -C alleies and HLA-DR specificities has been repaorted

in the present data we found a strong association between
B8 and DRw3 and between B7 and DRw2 0 thre control
group (Table 3) These associations were not gbserved in
the diabetics On the other hand, an association between

TABLE 3
Association between HLA-OR and HLA-B and -C specificities
In normal and in juvemie-onset diabetic patient populations*

Patients Controls
HLA-DRw2 HLA-B7 . - 017’ 037
HLA-DRwW3 HLA-B8 - 019 063
HLA-DRw4 HLA-Cw3 032 030

BR. relative nsk

* The data are expressed as correfation cqefficient (1) values

" .



Cw3 and DRw4 was observed in both groups Also, B1 5
and Cw3 showed linkage disequilthnum in both populations
(JQOD., r = 025, controls, r = 0.51)

Alleles of the gene loci in the HLA region are now well
recognized 1o be associated with JOD The data in the pres-
ent report raise iImportant questions. One of these questions
is which alletes of the HLA loci are most strongly aésocnate\d
with juvenile diabetes, Therefore, we attempted o charac-
ternize our results by Woolf's analysts, as has been done for
diabetes and cehac disease® Table 4 compares the

.. strength of the association of 840, Cw3,.and DRw4 with JOD

The two groups of subjects were divided into B15-positive
“and B15-negative subgroups, and the incidences of B40,
Cw3, and DRw4 were subsequently tabulated It was ob-
served that DRw4 was significantly associated with the dia-
betogenic gene(s), whereas B40 and Cw3 were not.*Both
B15 and DRw4 were sigmhicantly associated with the dia-
betogenic gene(s) when the two groups were divided into
B40-positive and B40-negative subgroups and the inci-
dences of B15, Cw3, and DRw4 were evaluated (Table 5)
DRw4 was again significantly associated with the diabeto-
genic -gene(s) when the two popuiations were first sub-
divided into Cw3-pasitive and Cw3-negative subpopulations
and the B15, B40, and DRw4 frequencies subsequently
tabulated (Table 6y Nerther B15 nor B40 was sigmificantly
associated with the dlabetogemc gene(s) in this analysis:
When similar calculations were performed by first dividing
the two populations into DRw4-positive and DRw4-negative
groups- and then tabulating the mcidences of B15, B40,
and Cw3, only B15 was significant (Table 7)

TABLE 4

Chi-square test for an association between B40, Cw3, or DRw4
and juvenile-onset diabetes aiter having divided the two
populations mnto B15-positive and B15-negative subgroups

. Homogeneuty
Antigens Chi-square | ) Chi-square
B40 TOONS " 01365
P<07114)
Cw3 . NS 07118
(P < 04009)
DRw4 699 00631
. (P<00083) ° (P < 08026)
DISCUSSION

The present data support earher observations of an asso-
ciation of HLA-B815 and -Cw3 with juvenile-onset dia-
betes.""~#22%3 n relation to BB although the data suggest a
shight increase in its frequency in the patient population, -
the difference found was not statistically significant Sim-
tlarly the “protective association” of B7 with the absence
of JOD as reported by Ludwig et al.® s’ not present in
our data. In addition, the present data show a sigmificant
increase in the frequency of B40 in the patients as eom-
pared with controls

The focus of our current work was the human B lympho-
cyte alloantigen locus, HLA-DR The data presented here
show a significantly higher incidence of HLA-DRw4 in the
patients Also the data show an mcreasj in the incidence
of DRw3 and a decrease tn the incrdence of DRW2 1n the
patients. !

' ¥ 4
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TABLE 5

Chi-square test for an association between B15, Cw3, or DRwd
and juvente-onset diabetes after having divided the patients
and the controls into B40-positive and B40-negative subgroups

Homogeneity
Antigen Chi-square chi-square
B15 5479 01365
(P <00193) (P<07114)
Cw3 NS 0 3450
(P < 05552)
DRw4 7 1889 00783
(P < 00042) (P < Q7795)

.

These data are in general agreement with qur earlier ob-
servations®** and those of other workers.®*~* We repaned
a decrease in the frequency of locally defined B cell group
7, UK I, and Thorsby 2 (all comparable to DRw2) and an
increase 1n the frequency of locally, defined B cell group

4 (comparable to DRwd4 and DBw7) and UK Il (compara-"

bie to DRw3) 1n the JOD patients.
The presence of linkage disequilibrium between certain
alleles of the HLA supergene have been reponted® and may
account for either a primary or a secondary association of
HLA alleies with a disease It 1s known that HLA-B15, -Cw3,
and -DRw4 are n linkage disequilibnum and so are B40
and Cw3 ®3° Analysis of the present data by Woolt's method?®
indicates that DRw4 possesses the strongest association}
with JOD 1t couid be interpreted to mean that DRw4 has thet
pnmary association with the diabetogenic gene(s) and the’
associations of B15, B40, and Cw3 -with the diabetogenic
gene(s) are secondary
The numerous reports of HLA associations with JOD can
be divided into iwo groups On one side are those who
feel that JOD 1s associated with a single recessive gene
and that any HLA association(s) found is with this recessive
gene.® On the other side are those that feel there are
two digbetogenic genes and two different HLA associations,
one with B8, Dw3, and DRw3 and the other with B15, CW3,
and DRwd The present data extend the two-gene-
hypothesis concept i the etiology of juveniie-onset
diabetes® in lhat the one diabetogenic gene is asso-
ciated with DRw4 and the second with Dw3, and the latter
possibly more strongly with DRw3
It seems likely from the evidence presented here that a
mgyor factor delerr'r)mmg susceptibilty ta juvenile-onset dia-
betes 1s the presence of a diabetogenic gene or genes at

TABLE 6

Chi-square test lor an association between B15, B40, or DRw4
and juvenile-onset diabetes after having divided the patierits
and conlrols into Cw3-positive and Cw3-negattve subgroups

* Homogeneiy

Antigen Chi-square Chi-square
815 NS 07118 1
(P<.03789)
B840 NS 0 3450 '
. (P <05552)
" DRwé 594 0075
(P < 0.0147) (P <0.7872)
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TABLE 7
Chi-square test for an association between B15, 840, or Cw3
and iuvemle-onsel diabetes after having divided the patients

~ ~and controls into DRw4-positive and DRw4-negative-subgroups .

- Homogeneity
Antigen Chi-square Chi-square
B15 385 00631
‘ (P < 005) (P < 0.8026)
- B40 NS . 00783
{P < 07795)
Cw3 NS 00796

. . (P <07795)

«

a locus closely linked to the HLA chromosomal region The
mechanism of the assocration between HLA and insulin-
dependent diabetes remains speculative and has been dis-
cussed elsewhere ¥*
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