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ABSTRACT: A positive association of Ra3 skin test responses with HLA-A2 has previously been reported
to be evident in individuals with low IgE levels and to a greater extent in these individuals than
those with bigh IgE levels. We give evidence based o2 an analysis of data from 133 individuals
that Ra3 response is positively correlated with HLA-A2 among individuals with low Antigen
E response and negatively associated with HLA-A2 among individuals with bigh Antigen E
response. Furth , we have evidence that any vbserved interaction between Ra3, IgE. and
HLA-A2 can be explained by the correlation between IgE and Antigen E response, and that it
is Antigen E response which interacts in the relationship between HLA-A2 and Ra3 skin test
response.

INTRODUCTION

Recent studies have reported a positive association of skin test response to pu-
rified extract of ragweed antigen Ra3 with HLA-A2 [1,2]. Furthermore, it has
been pfoposed that this association is better observed in individuals with low
total IgE levels [2]. In cur analysis of Minnesota patients {3} using definitions
of Ra3 positivity comparable to those of Marsh et al. {2] we observed no asso-
ciation between HLA-A2 and Ra3 positivity. This was true in the case of the
entire sample of atopic individuals and in the subset of atopic individuals having
low IgE levels.

In the study presented here we consider Ra3 response itself as the variable
of interest (rather than dichotomizing the data) and we consider the Antigen E
response in addition to the IgE response and HLA specificity as possible pre-
dictive variables. We give here evidence that the positive association between
HLA-A2 and Ra3 response is instead observed ainong those individuals with low
skin test response to Antigen E. That is, the association observed in individuals
with low IgE level may be secondary due to the low Antigen E reduced IgE.
Conversely, we also have observed a significant negative association between
HLA-A2 and Ra3 response among those individuals with high Antigen E skin
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test response. Finally, our data indicate that the previously reported interaction
between 1gE, Ra3, and HLA-A2 results from the correlation between toral IgE
level (in nanograms) and Antigen E response and that it is Antigen E response
which interacts in the relationship between HLA-A2 and Ra3 response, or, equiv-
alently, that HLA-A2 interacts in the relationship between Antigen E and Ra3
skin test response.

MATERIAL AND METHODS

From the Minneapolis, Minnesota metropolitan area, 133 unrelated individuals
were selected. Each had a clinical history of ragweed sensitivity characterized by
respiratory symptoms of rhinitis or asthma, or both during August and September
and by a positive intradermal skin test to crude ragweed (1:500 solution). All
subjects had a medical evaluation followed by skin testing, measurement of serum
IgE levels, and human leukocyte antigen (HLA) typing.

Skin testing using the intradermal titration method was performed using pu-
rified ragweed antigens E and Ra3 with solutions ranging in concentration from
10~ to 10~ "2 of the stock solution. The stock solutions of Antigen E contained
140 pg/mi and that of Ra3 contained 75 ug/ml. These antigens were standardized
against known samples of Antigen E and Ra3 by skin test methods, radioaller-
gosorbent test (RAST) inhibition assays, acrylomide gel analysis, isoelectric fo-
cusing, and immunodiffusion using specific antisera. IgE was determined by dou-
ble antibody radioimmunoassay and reported in nanograms per milliliter {4]. The
lymphocytotoxicity method was used to determine HLA antigens {5].

Individuals who responded with positive skin tests when the preparation was
diluted to, or was more dilute than, that of the 33rd percentile of the responses
(skin test dilutions) were categorized as high Antigen E responders; those whose
skin tests were positive above the 66¢th percentile of test antigen concentrations
were categorized as low Antigen E responders. Low and high IgE responders
were defined in terms of those below the 33¢d and those above the 66th percentile
of IgE levels in the sample, respectively. Mean responses in Ra3 skin test (given
as —logyp [dilution] X 10 whenever there was resp and 0.0 when there was
no response) were then obtained in the following groups:

1. Individuals having low IgE levels and low Antigen E skin test response
2. Individuals having low IgE levels and high Antigen E skin test response
3. Individuals having high IgE levels and low Antigen E skin test response
4. Individuals having high IgE levels and high Antigen E skin test response.

Mean Ra3 responses were calculated sepasately for those positive for HLA-
A2 and for those negative for HLA-A2. Thus, in this first analysis, individuals
having interruediare response in the Antigen E skin test or having nntefmedme
1gE levels were not included.

A three-way analysis of variance was done 10 compare the eight obwrved
means and to evaluate the effect of HLA-A2, low versus high IgE levels, and low
versus high Antigen E responses on the Ra3 titer. All possible two- and three-
way interactions between the above three variables were also evaluated. Following
this, the response categories to Antigen E and IgE were ignored and the rela-
tionship among Ra3 skin test response and IgE, Antigen E skin test response,
and HLA-A2 was evaluated through stepwise regression analysis first considering
only HLA-A2 and IgE and the interaction between HLA-A2 and (log,e) IgE, and
then considering the observed Antigen E response and its interaction with HLA-
A2 as possible independent variables. In this case all individuals in the study
were included (i.e., individuals with intermediate responses were not deleted).
Further evidence for evaluating the correlations between IgE levels, Ra3 skin
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TABLE 1 Definition of responder groups used to evaluate the relationship
of IgE levels, Antigen E response and HLA-A2 with Ra3 skin

test response

IgE Group Low IgE

High IgE
Range of Values 0-299 ng >878 ng
Sample Size of Group 37 35
Aatigen E Group Low E HighE
Range of Values dilution” of 10", 10" ?, or no response ditution <0 *
Sample Size of Group 35 37
HLA-A2 Group A2+ A2-
Sample Size of Group 39 33

“Concentration of stock solution required for a 2+ response.

test response, and Antigen E skin test response was obtained through comparing

the appropriate parcial correlations and nonparametric correlations.

RESULTS

In Table 1 we present the observed 33rd and 66th percentiles of IgE and Antigen
E skin test response and the resulting definition of the responder groups com-
pared in the analysis of variance. We also present in Table 1 the number of
individuals who were in each group. In Table 2 rows 1 through 4, columns 1 and

TABLE 2 Mean Observed Ra3 Dilution® in Atopic Individuals: Its
Relationship to HLA-A2, IgE, and Antigen E Skin Test Response

Antigen E Skin Test

1 2 3
igE HLA-A2 Low” High' Total sample
1. Low’ + 5.0£2.2(16) 20.0£5.7¢ 8) 10.0+2.824)
2. Low - 1.2x1.2( 8) 34.0+7.5( %) 13.8=54¢13
3. High' + 18.0+6.6( 5) 14.0+3.1(10) 1532915
4. High - L7+1.7¢ 6) 27.1+6.3(14) 19.5=5.2(20
5. Ignored + 8.1x2.6(21) 16.7+3.0(18) 12.02.039
6. Ignored - L4 1.0(14) 29.0+5.0(19) 17.3+£3.8533)
7. Low Ignored 3.8+ 1.6(24) 25.4+4.8(13) 11.4+2.6(37;
8. High Ignored 9.1x3.9(11) 21.8+4.1(24) 17.0=3.2(35:
9. Ignored 1gnored 5.4%1.7(35) 23.0%3.1(37) 1442102

“Mean of ~ 10 X log,, (dilution) at which response of 2+ is observed in Ra3 skin test. If no response cbserved

at any concentration then — 10 x logy, (dilution) = 0.0.
‘Low Antigen E: no response to a dilution of 1072 or more.
‘High Antigen E: response to a dilution of 107" or less.
“Low IgE: IgE < 300 ng.

“High IgE: IgE > 876 ng.

/Mean + standard error; sample size in patentheses.
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2, we present the mean Ra3 skin test response observed in the eight groups of
responders on considering Antigen E response, IgE response, and HLA-A2 phen-
otype simultaneously. We also present the number of individuals in each group
and the standard error. In rows 5 and 6 we present the results on considering
osiy HLA-A2 and Antigen E response, and in column 3 we compare the mean
Re3 response considering only HLA-A2 and IgE. We see that in individuals with
low Antigen E response (column 1), Ra3 skin test response is positively associated
with HLA-A2 regardless of whether IgE is low or high. On comparing the final
column of row 1 with the last column of row 2 we see that, regardless of whether
an individual’s IgE is low or high, HLA-A2 is not at all associated with Ra3
response. The fact that Ra3 is positively associated with Antigen E response
independent of IgE is demonstrated by comparing E high with E low among low
I8E and comparing E high with E low among high IgE (i.e., column 1 to column
2 in rows 7 and 8). We see that regardless of the IgE level, Ra3 response is much
higher for high Antigen E skin test responders—a difference of 21.6 among those
with low igE and of 12.7 among those with high IgE. However, on comparing
row 7 and row 8 within column 1 and comparing row 7 and row 8 within column
2, we see that the weakly positive association berween Ra3 and IgE observed
among low Antigen E skin test responders is not observed among high Antigen
E skin test responders. .

The statistical significance of these observations was evaluated through a three-
way analysis of variance. This analysis compares the mean Ra3 responses of high
IgE responders with low IgE responders, of high Antigen E skin test responders
with low Antigen E skin test responders, and of HLA-A2 positive individuals
with HLA-A2 negative individuals; in doing so, this analysis adjusts for any
associations in the sample between IgE response, Antigen E response, and pres-
ence of HLA-A2. The resulting significant variables were the HLA-A2 Antigen
E interaction and Antigen E effect indicating that (a) Ra3 response is associated
with Antigen E response (Antigen E effect significant, p < 0.001), (b) the rela-

TABLE 3 Regression analysis of Ra3 skin test response® considering IgE
(logjo), HLA-A2, and IgE x HLA-A2 interaction as the
independent variables’

Standard
ersor Significance of
Independent variable Slope (B) of B F(1,121y vasiable
1gEdog;0) 7.42 4.78 2.41 >0.1
HLA-A2 ~1.68 629 0.97 >0.7
1gE(logy) % HLA-A2 interaction’ 2.24 17.46 0.02 >0.9

Intercept ~1.40

“Analysis of y where: )
y = ~log (dilution) x 10 if there is a response to to Ra3 of 2+ or more
= 0.0 otherwise,
*Done using the REGRESSION procedure of SPSS {6}, This dure does 2 ion of any dependent variable
with up to 100 independent variables, deleting all cases with missing values on asy of the variables specified.

“Value of the F statistic used to test the sigaificance of the independent varisble, The numbers in pareatheses denose
the degrees of freedom.

“Estimated by creating a variable:

X, = logi(IgE)  forcase jif heis HLA-A2 +;
=00 if case jis HLA-A2~.
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TABLE 4 Regression analysis of Ra3 skin test response’ considering
Antigen E response, IgE, HLA-A2, IgE X BLA-A2, and Antigen
E x HLA-A2 interactions as independent variables®

Standard
error Significance of

Independent Variable . Slope(B) of B F(1,119¥ variable
Logio (IgE) -0.966 4.26 0.05 >0.8
Antigen E titer 5.38 0.85 40.41 <0.601
HLA-A2 -4.18 14.83 0.08 >0.7
Interactions

HLA-A2 x IgE(logio) L 3.90 5.57 0.49 >0.25

HLA-A2 X Antigen E titer' —3.43 1.02 10.35 <0.005

Intercept 5.06

“y = — logi(Ra3 dilution) x 10 if there is response of 2 + or more;
=00

otherwise. .

*Done using SP'SS REGRESSION procedure (see Table 3, footnote b).

‘See Table 3, footnote c.

I = ~logs (Antigen E dilution) if there is a response of 2 + or more;
=00 otherwise.

“See Table 3, footnote d.

tionship between Ra3 response and HLA-A2 depends on whether the Antigea
E titer is low or high (HLA-A2 effect alone is not significant, p > 0.6; HLA-A2
Antigen E interaction is highly significant, p < 0.0002), (c) the Ra3 response is
not related to IgE independent of Antigen E response. (All effects involving IgE
are not significant, p > 0.05).

In Table 3 we present the results of stepwise regression on considering Ra3
response as a function of IgE (log,,), presence of HLA-A2, and the interaction
between them. We see that none of these variables, either alone or in combi-
nation, are significant. However, in Table 4 where we also consider Antigen E

TABLE 5 Observed correlation between IgE (logy,), Antigen E skin test
response, and Ra3 skin test response

Pearson Correlatior:

Ra3 response IgE (logie?
Ra3 response’ X 0.20* (130
IgE (logo)* 0.20* (130 X
Antigen E response” 0.49*** (126) 0.24** (125)
Partial Correlation with Ra3
igE (logye) controlling for Antigen B . 0.10 NS (124) X
Antigen E controlling for IgE Uog:s)® 0.47°** (124) X

Note: *p<<0.05; **p<0.01; ***p<0.001. NS, not significant; degrees of freedom in parentheses.

“Obuained using SPSS procedure PEARSON CORR with option 3, which gives a two-sided test of significance
or r(6}.

#Obuained using SPSS procedure PARTIAL CORR with option 3, which gives a two-sided test of significance
or r {6].
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skin test response and the interaction of Antigen E skin test response with HLA-
A2 zs indepern.dent variables, these variables are significant.

In Table 5 we present the observed Pearson correlation between Ra3 response,
Antigen E response, and (log,,) IgE. Positive correlations are observed both
between Ra3 response and Antigen E response and between Ra3 response and
(log,,) IgE. However, the partial correlation between Ra3 response and (log;)
1gE is not significant; the partial correlation between Ra3 response and Antigen
E response is significant. Nonparametric correlation coefficients were also com-
puted. Although Ra3 had a significant positive correlation with both IgE response
(Spearman r = 0.19, p < 0.05), 2 much higher correlation is observed between
Ra3 response and Antigen E response (Spearman r = 0.55, p < 0.001).

DISCUSSION
The data in our study point up three important issues.

1. No matter how we consider the IgE level (either by defining high and low
groups and discarding intermediate responses or by considering the logarithms
of the values), any apparent association between Ra3 response and IgE is not
independent of the association between 1gE and Antigen E skin test response.

2. There is an association between Ra3 response and Antigen E response in-
dependent of IgE.

3. The relationship between Ra3 response and HLA-A2 phenotype is in some
way affected by Antigen E response.

Points 1 and 2 are most powerfully illustrated through comparing the appropriate
partial correlations and noting that the partial correlation between Ra3 titer and
Antigen E controlling for (logse) IgE is significant and positive; whereas, the
association between Ra3 response and (log,e) IgE controlling for Antigen E
response is not significant. Similarly, the interaction between Antigen E response

- and HLA-A2 response is most powerfully detected in the regression analysis
where we consider all the information in the data rather than categorizing our
responder groups and deleting intermediate responders. However, it is reassuring
to see that the same conclusions are obtained regardless of how we approach
these data, i.e., comparison of means, nonparametric correlations, or multiple
regression.

. There are several possible ways of interpreting the observed interaction be-
tween HLA-A2 and Antigen E. To some extent our conclusions depend on
whether we wish to consider the Ra3 association with HLA-A2 as being depen-
dent on the level of Antigen E response or whether we wish o interpret it as
indicating that the positive association between Ra3 response and Antigen E
response is modified by the presence or absence of the HLA-A2 aliele. We
cannot in a population study discriminate between the two. One conclusion from
the first approach would be to bypothesize three linked genes on the sixth
chromosome; one which might be near HL.A-A and in linkage disequilibrium
with HLA-A2, one for Antigen E response having two alleles, and one for Ra3
response having two alleles (E and 3). If we assume that the alleles for high
response to both Antigen E and Ra3 (E, and 3,) are less frequent and recessive
to the alleles for low response (E; and 3,) than these results are consistant with
the orderings of HLA-A Ra3-E, a strong linkage disequilit-rium between 3, and
E,, and a weaker positive disequilibrium between 3, and .42+ among chromo-
somes having E;. Thus the four most common combinations would be A2-3, E,,
A2-3, E,, A2+ 3, E;, and A2+ 3, Ey. Such genetic hypotheses must be tested
in appropriate family studies. A second approach to these results, which we



Ra3 Skin Test and HLA-A2, Antigen E, and IgE (24

A2-
Ro3(x10)=2.40+(5.34%AgE)

N
(@]
T

A2+

o o

Ro3(x10)=791+(209xAgE)

p—
E-Y

Ra3 Skin Test Responset
I~}

1 ] 1 "l

1 J
0 0 20 30 40 50 60
Antigen E Skin Test Responset

FIGURE 1 Results of regression analysis of Ra3 skin test response with Antigen E skin
test response: A comparison of the relationship in HLA-A2 + and HLA-A2 — individuals.
Results were obtained through SPSS REGRESSION procedure with Ra3 Skin test re-
sponse as the dependent variable and Antigen E skin test resp as the ind

variable [6]. M best-fitting line for HLA-A2+ responders; @ best-fitting line for HLA-
A2— Responders; T = — 10 log,, (dilution); 0 = no response.

prefer, is to consider the level of Ra3 response to be positively associated with
Antigen E skin test response, but the extent of this association to be modified
by presence of FILA-A2 or a gene in linkage disequilibrium with A2. This is
illustrated by the two regression lines in Figure 1. On comparing the estimated
slopes of the two lines we might conclude that HLA-A2-negative individuals are
affected (as measured by their Ra3 sensitivity) more by their sensitivity to Antigen
E than HLA-A2-positive individuals. This difference is so great that it counter-
balances the association between HLA-A2 and Ra3 response observed among
nonresponders to Antigen E (comparison of intercepts). In any case, additional
famill}; studies need to be done to examine the relationship between these three
variables.

CONCLUSIONS

Data on HLA-A2, Ra3 skin test sensitivity, Antigen E skin test sensitivity, and
IgE levels taken from 133 atopic individuals were evaluated. We
threugh both regression analysis and comparison of the appropriate meaas that
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Ra3 skin test response is associated with Antigen E response independent of the
IgE levels, but that it is not associated with IgE levels independent of the Antigen
E response. We also observed that the nature of the association between HLA-
A2 and Ra3 response was interrelated with an individuals’ Antigen E response.
This observation could indicate that the extent to which Ra3 sensitivity depends
on Antigen E sensitivity is in some way modified by the presence of HLA-A2.
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