analysis presented here, it is also pos-
sible to.analyze the suggestion of Tur-
cotte and Oxburgh that the observed
exponential depth dependence of radio-
active heat sources in the earth’s crust
arose from their equilibrium distribu-
tion under some appropriately fluid
conditions. If their idea were correct,
my Eq. 7, or approximately Eq. 9,
would describe the result. This result
follows directly from equilibrium ther-
modynamics; there is no need to em-
ploy the Boltzmann factor from sta-
tistical mechanics. Furthermore, the
quantity in parentheses in their equa-
tion 3, the result of their hypothesis,
has the wrong sign and the wrong
density in the denominator; according
to my Eq. 9, their result should read

Xi(y) _ H _
X.(0) " H,~
(M: —vip)gyT| _ (ApMcgy
P [ RT ] =P\, RT
(12)

where H is the radioactive heat re-
leased in unit volume per unit time at
the depth y; H, is the value of H at
the surface, where y=0; Ap=p;—p;
p; is the density of the molecular as-

sembly under consideration; and p is
the density of the solution. As Turcotte
and Oxburgh observe, this distribution
should hold for all chemical species
frozen into an equilibrium distribution
at a constant temperature and then not
subsequently disturbed, provided they
obey Henry’s law and the solution is
incompressible.

FraNk C. ANDREWS
Department of Chemistry, University
of California, Santa Cruz 95060
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Ragweed Hay Fever: Genetic Control and

Linkage to HL-A Haplotypes

Abstract. Clinical ragweed pollenosis (hay fever) and IgE antibody production
specific for antigen E (the major purified protein antigen from ragweed pollen
extract) correlated closely with HL-A haplotypes in successive generations of
seven families. HL-A associated IgE antibody responsiveness was antigen specific
and extended also to IgE antibody production. These data indicate an immune
response (Ir) gene specific for antigen E necessary but not sufficient for the
development of hay fever. This appears to be the first documentation of an Ir

gene in man.

Classical studies in clinical allergy
(I) have shown a preponderence of
atopic allergic diseases in successive
generations of certain families. These
statistical data have been interpreted
as indicating a genetic predisposition
to the later development of these dis-
eases (/), although the nature of ge-
" netic factors involved has not been
identified. The present study is on rag-
weed pollenosis (hay fever), an exam-
ple of an allergic disease mediated by
IgE antibodies (reagins) (2) to air-
borne allergens (pollen particles). Ge-
netic studies on reagin (IgE) produc-
tion in inbred strains of mice have
demonstrated two kinds of genetic
controls of reagin production (3). One
genetic factor permits the production
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of high serum levels of reagin to many
antigens (3). The other control system
is by genes at a locus (or loci) closely
linked to the H-2 major histocompati-
bility system, termed Ir (or immune
response) genes (4). The Ir genes con-

trol immune responsiveness to synthetic

polypeptide antigens and to minute
doses of protein antigens (4, 5). This
system - shows antigen specificity. In
most mouse strains, reagin production
is a prominent part of the immune re-
sponse (6). Ragweed hay fever in man
shows many features similar to these
immune response systems in the mouse
(6). A small percentage of people ex-
posed to minute doses of ragweed pol-
len particles develop an immune re-
sponse in which IgGE antibody is

prominent. Antigenic specificity of rag-
weed hay fever is largely toward anti-
gen E, a purified protein derived from
ragweed pollen extract (7). Accord-
ingly, we suggested that one kind of
genetic control of ragweed hay fever
might be by Ir genes specific for anti-
gen E (8). We now report studies
supporting this idea.

Seven families in which ragweed
hay fever occurred in more than one
member were studied for clinical rag-
weed hay fever, IgE response to anti-
gen E, and HL-A haplotype (9).
Figure 1 depicts one of the seven fami-
lies. 'In this family, four of six (67
percent) family members having the
HL-Al, HL-A8(1,8) haplotype had
intense immediate wheal-and-flare skin
reactivity to antigen E in dilute
solutions, indicating IgE antibody
(9), and severe ragweed hay fever.
Neither of the two subjects having the
other HL-A haplotype of the propositus
(HL-A10,12) had immediate skin re-
activity to antigen E or clinical ragweed
hay fever. Of the blood relatives of
the propositus who lacked the 1,8
haplotype, none of the seven had rag-
weed hay fever. Six of the seven did
not have skin reactivity to antigen E.
One of the seven (subject 11, a grand-
son of the propositus) had relatively
weak skin reactivity to antigen E. In
this exceptional case, another haplotype
correlating with IgE antibody respon-
siveness to antigen E was inherited
from the maternal side of the family.
Table 1 and Fig. 1 show that the
maternal grandfather, a maternal
uncle, the mother, and subject 11
had the HL-A9,x haplotype, and that
subject 11, his maternal grandfather,
and his uncle had weak skin reactivi-
ty to antigen E without clinical hay
fever.

The data for the seven families are
totaled in Table 2. Of 26 family mem-
bers having the hay fever—associated
haplotypes, 20 members (77 percent)
had ragweed hay fever and intensc
skin reactivity to antigen E (Table 2).
By contrast, none of the 11 family
members who had the other haplotypes
of the propositi (and lacked the hay
fever—associated haplotype) had clini-
cal ragweed hay fever. Of these 11, 10
did not have skin reactivity to antigen
E, and 1 had relatively weak skin re-
activity to antigen E. This difference
in the frequency of IgE antibody re-
sponsiveness to antigen E (and clini-
cal ragweed hay fever) between the
family members having the hay fever—
associated haplotype and the family
members having the other haplotype of
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fever, and 3 of 20 had relatively weak
wheal-and-flare skin reactivity to anti-
gen E. In 1 of these 3 subjects, a
different ragweed hay fever—associated

" 'HL-A haplotype was introduced from

the propositus is statistically significant
(P < .01). Table 2 shows also the fre-
quency of IgE antibody responsiveness
to antigen E and ragweed hay fever in
the blood relatives of the propositus
who had neither of the haplotypes of
the propositus. None of the 20 sub-
jects in this group had clinical hay

the maternal side of the family (Fig.
1).

These results show a statistically
highly significant association of clini-
cal ragweed hay fever and associated
intense IgE antibody immune response
specific for antigen E with an HL-A
haplotype in successive generations of
the seven families studied. This

Table 1. Genetic and immunological data for subjects in family R (Fig. 1); PNU, protein
nitrogen unit.

Immediate wheal-and-flare skin reactivity

Sub- Age HL-A Ragweed Ragweed extract Antigen E
ject (years) haplotype hay fever (PNU/ml) (ng/ml)
100 1 102 10-5
1 60 1,8/10,12 Severe — 4+ 3+ 1+
2 48 10,x/9,5 None 0 0 0 0
3 49 1,8/10,12 None 0 0 0 \]
4 58 10,x/10,12 None 0 0 0 0
5 37 1,8/10,x Severe - 3+ 2+ 1+
6 35 1,8/10,x Severe - 4+ 4+ 1+
7 24 1,8/5,x Severe - 4+ 3+ 1+
8 19 1,8/11R None 0 1] 0 0
9 25 2,7/10,12 None 0 0 0 \]
10 26 2,7/10,x None 0 0 0 \]
11 12 9,x/10,x None — 2+ 2+ 0
12 16 9,x/10,4 None 0 0 0 0
13 14 10,x/1,Mapi None 0 0 0 0
14 36 9,x/1,Mapi None 0 0 0 0
15 59 9,X/X,X None 44 2+ 1+ 0
16 24 9,x/1,Mapi - None 3+ 1+ 14 0

Table 2. Association of IgE immune response to antigen E—as detected by direct wheal-and-
flare skin reactivity to dilute solutions of allergens (9)—and ragweed hay fever with HL-A
haplotype in successive generations. Data for seven families are totaled. Group A con-
sists of those family members, including the propositus and blood relatives of the propositus,
baving ragweed hay fever and intense wheal-and-flare reactivity to antigen E; Group B
consists of those family members, including the propositus and blood relatives of the
propositus, having relatively weak wheal-and-flare reactivity to antigen E, but without rag-
weed hay fever. For definition of “intense” and “relatively weak” wheal-and-flare skin reac-
tivity to antigen E, see (9) and the legends to Table 1 and Fig. 1.

Group A Group B
Family members '
Ratio Percent Ratio Percent
Hay fever—associated haplotype 20/26 71
Other haplotype of the propositus* 0/11 1/11 9
No hay fever-associated haplotypet 0/20 3/20 15

* Excluding family members with both haplotypes of the propositus.

1 This group of 20 includes
the 11 family members with the other haplotype of the propositus,
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Fig. 1. Representation of family R. Solid
circles or squares represent subjects with
ragweed hay fever. Hatched squares rep-
resent subjects with relatively weak skin
reactivity to antigen E but no hay fever.
Open circles and squares represent subjects
without skin reactivity to antigen E and
without hay fever. Numbers below the
symbols are haplotypes. Numbers above
the symbols represent subject number for
whom genetic and immunological data
are in Table 1.

close association between intense IgE
antibody responsiveness to antigen E
(and ragweed hay fever) and HL-A
haplotype through successive genera-
tions of the seven families implies close
genetic linkage betwen the HL-A system
and a genetic locus controlling immune
responsiveness to antigen E. If this im-
mune responsiveness gene is similar to
the Ir loci in the mouse (4, 5), then it
should also control the production of
IgG antibody specific for antigen E,
and immune responsiveness should be
antigen specific. Preliminary studies on
these two parameters have been done.
First, serum IgG antibodies specific for
antigen E was assayed (I0) in subjects
from the family depicted in Fig. 1.
Three kinds of subjects were chosen.
Subjects 1 and 6, having the hay fever—
associated haplotype and intense IgE
antibody responsiveness, were found to
have small amounts of IgG antibody
to antigen E in their serums.. Subjects
4 and 9, having the other haplotype of
the propositus, had no detectable IgG
antibody for antigen E in their serums.
Subjects 3 and 8, having the hay fever—
associated haplotype, but no hay fever
or wheal-and-flare reactivity to antigen
E, nevertheless had trace amounts of
IgG antibody to antigen in their serums,
Thus the gene controlling IgE im-
mune responsiveness to antigen E also
appears, by these preliminary data, to
control IgG responsiveness to antigen
E. :

As an initial study of antigenic spe-
cificity of system, the 37 family mem-
bers with either haplotype of the propo-
siti were skin tested for wheal-and-
flare reactivity with dilute [10 protein
nitrogen units (PNU)/ml] solutions of
timothy grass pollen extract and cat
dander (hair) extract. Intense skin re-
activity (34 to 4+4) to dilute solutions
of timothy pollen extract was found in
7 of 26 (27 percent) of the family
members with the hay fever—associated
haplotype and in 2 of the 11 (18 per-
cent) of the family members with the
other haplotype of the propositus. In-
tense skin reactivity (3+ to 4+) to
dilute solutions of cat dander extract
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was found in 2 of the 26 (8 percent)
of the family members with the rag-
weed hay fever—associated haplotype
and in 2 of the 11 (18 percent) fam-
ily members with the other haplotype
of the propositus. Thus the HL-A linked
genetic control of immune responsive-
ness to antigen E appears to show an-
tigenic specificity, that is, IgE antibody
responsiveness did not extend to two
unrelated antigens.

The data presented above thus indi-
cate the presence in human beings of
a genetic locus closely linked to the
HL-A system which controls IgE anti-
body responsiveness to antigen E and
permits the development of ragweed
hay fever. Preliminary data further in-
dicate that this genetic factor controls
immune responsiveness in at least two
antibody classes, IgE and IgG, and
shows antigenic specificity. This genetic
factor thus is similar in immunological
properties to H-2 linked Ir genes in
mice (4, 5). We tentatively refer to it
as a human Ir gene and call this gene
the “Ir—antigen E” gene. This appears
to be the first documentation of an Ir
gene in man,

Several points merit brief discussion.
First, in the seven families studied, the
Ir-antigen E gene was linked to seven
different HL-A haplotypes [W-28,x;
HL-A10,Da (6); HL-A3,7; HL-A3,5;
HL-A1,8; HL-A2,x; and HL-A2,W-14].
Whether one or more of these haplo-
types will be frequently or always
linked to an Ir-antigen E gene in this
or in other populations remains to be
determined. In this regard, it is not
known whether only one or several
different Ir-antigen E genes exist. Fur-
ther, we presume that Ir genes specific
for other antigens exist in man, and
that these may be necessary for the
development of immunological diseases
specific for other antigens. Second, a
rough -estimate of the frequency of
Ir-antigen E genes in our local
population can be given. Approxi-
mately 10 percent of our local adult
population shows intense wheal-and-
flare reactivity to antigen E and has
clinical ragweed hay fever (11). If we
assume that the expressivity of the Ir—
antigen E gene (in an intense IgE anti-
body response, see below) is 0.2 to 0.4
(12), then 22 to 45 percent of the
population may possess an Ir-antigen
E gene (13).

The presence of an Ir-antigen E gene
is viewed as necessary but not sufficient
for the development of an intense IgE
immune response to antigen E and clin-
ical hay fever. The trait controlled by
the Ir gene is inherited as a Mendelian
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dominant. Its expression, to permit the
individual to mount an IgE immune
response to repeated minute doses of
antigen E, requires additional factors,
both genetic and environmental. Among
required environmental factors would
be adequate exposure to airborne al-
lergens, and its diffusion through mu-
cous membranes to lymphoid cells.
An additional genetic factor might be
one similar to a genetic control de-
scribed in mice, which permits a strong
IgE antibody response to a variety of
antigens (3). That such a genetic fac-
tor might also be operative in man is
suggested by the present observations
that of the 26 subjects possessing an
Ir-antigen E gene, significantly more of
the 20 subjects with ragweed hay fever
had also an intense IgE antibody re-
sponse to timothy pollen (7 of 20) than
of the 6 subjects who did not have rag-
weed hay fever (0 of 6). Also, Ham-
burger et al. (I4) have suggested a ge-
netic control of basal IgE levels in man
on the basis of statistical analysis of
serum IgE levels in normal adults, In
addition, factors unrelated to function
of lymphatic tissues have been sug-
gested as influencing immune respon-
siveness to airborne allergens, that is,
permeability of mucous membranes
(15). Other nonimmune factors are
probably also operative in determining,
in patients with intense IgE antibody
responses to ragweed antigens, the na-
ture of the clinical result (for example,
rhinitis ‘as compared to rhinitis plus
asthma) and its severity (16).

Finally, we wish to point out a
potential clinical usefulness for these
findings. Haplotyping of families having
high incidences of antigen-specific
allergic diseases might serve to identify
those young family members at risk for
these diseases in which preventive
measures might be instituted.

BERNARD B. LEVINE

RisHON H. STEMBER
Department of Medicine, New York
University School of Medicine,
New York 10016
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