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ABSTRACT: A positive association of Ra3 skin test responses with HLA,A2 has previously been reported 
to be a,ident in individuals with low IgE levels and to a greater extent in these individuals than 
those with high IgE levels. We give evidence based oa 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 high Antigen E 
response. Furthermore, we have evidence that any observed interaction between Ra3, lgE. and 
HLA-A2 can be explained by the correlation between lgE and Antigen E response, and that it  
is Antigen E response which interacts in the relationship between HLA-A2 and Ra3 skin test 
response. 

1 N T R O D U C T I O  N 

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 pioposed that this association is better observed in individuals with low 
total IgE levels [2]. In our 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 ia the case of  the 
entire sample of atopic individuals and in the subset of atopic individuals hay/rig 
low lgE levels. 

In the study presented here we consider Ra3 response itself as the vat/able 
of  interest (rather than dichotomizing the data) and we consider the Antigen E 
response in addition to the IgE respoase and HLA specificity as possible pre- 
dictive va~'Jables. We give here evidec,ce that the positive association between 
HLA-A2 ~nd Ra3 response is instead observed among those individuals with low 
skin test response to Antigen E. That is, the association observed in individuals 
with low lgE level may be secondary due to the low Antigen E reduced lgE. 
Conversely, we also have observed a significant negative association between 
HLA-A2 and Ra3 response among those individuals with high Antigen E sk/n 
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test response. Finally, our data indicate that the previously reported interaction 
between |gE, Ra3, and HLA-A2 results from the correlation between total lgE 
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 reiaiouship between Antigen E and Ra3 
skin tes: response. 

MATERIAL A ND 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- t2 of the stock solution. The stock solutions of Antigen E contained 
140 v.g/ml and that of Ra3 contained 75 vg/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 radioimmonoassay and ~ported in nam~grams 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 66th percentile of test antigen concentrations 
were categorized as low Antigen E responders. Low and high lgE responders 
were defined in terms of those bdow the 33rd and those above the 66th percentile 
of lgE levels in the sample, respectively. Mean responses in Ra3 skin test (given 
as -logto [dilution] x 10 whenever there was response and 0.0 when there was 
no response) were then obt~fined in the following groups: 

1. Individuals having low lgE levels and low Antigen E skin test response 
2. Individuals having low IgE ievels and h~;gh A n t ~ n  E skin test response 
3. Individuals having high IgE leveLs and low Ant'~en E skin test response 
4. Individuals having high igE levels and high A n t ~ n  E skin test response. 

Mean Ra3 responses ~-ere ,:alcuhted separately for ~ positive for HLA- 
A2 and for those negmi~te for HLA-A2. Thus,/n this fm~, analysis, individuals 
having interr+~cd;~re resl:onse in the Antigen E skin test or having intermed/ate 
lgE levels we:e not included. • 

A three-way analysis of variance was done ~o c ~  the eight observed 
means and to evaluate the effect of HLA-A2, low versus high lgE levels, and low 
versus high Antigen E responses on the Ra3 alter. All ~ b i e  two- mid three- 
way inter~tious between the above three variables were al,o evaluated. Following 
this, the response categor/es to A n ~  E and i ~  were ignored and the rela- 
tionship among Ra3 skin test ~ ~ IgE, ~en E skin test response, 
and HLA-A2 was evaluated through s~pwis¢ ~ ~luLl~/SdS first considering 
only HLA-A2 and IgE mid the inter~tion between HL&-A2 and (k~gzo) IgE, and 
then considering the observed Andgen E response ~ i t s / n ~ n  with HLA- 
A2 as possible i n d e p e ~ n r  v~-iables. In this cane Ml i~6ividmds in the study 
were included (i.e.,/ndividu~Ls with imetmedim¢ restm~ses were not deiemd). 
Further evidence for e v a l ~  the correhtio~ between IgE levels, ga3 skin 
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T A B L E  1 Definition of  responder groups u~ed to evaluate the relationship 
of IgE levels, Antigen E response and HLA-A2 with Ra3 skin 
test response 

IgE Group  Low IgE High  |gE 
Range of  Values 0 - 2 9 9  ng > 8 7 8  ng 
Sample Size of  Group  37 35 

Antigen E Group  Low E H/gh E 
Range of  Values dilution ~ of  10 -L, 10 z, or no response dilution ~--IO ' 
Sample Size of  G r o u p  35 37 

HLA-A2 Group  A2 + A2 - 
Sample Size of  Group  39 33 

#Concentration of sR)ck solution required fi~r a 2 + response. 

test response, and Antigen E skin test response was obtained through comparing 
the appropriate partial correlations and nonparametric correlations. 

RESULTS 

In Table 1 we present the observed 33rd and 66th percentiles of  lgE 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, cohanns 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 
lgE HLA-A2 Low h High'  Total  s a m # e  

1. L o w  a + 5 . 0 ± 2 . 2 ( 1 6 )  / 2 0 . 0 ± 5 . 7 ( 8 )  10.0+-2.8~24~ 
2. Low - 1 . 2 ± 1 . 2 ( 8 )  3 4 . 0 ± 7 . 5 ( 5 )  13 .8 -5 .4~13t  

3. High '  + 1 8 . 0 ± 6 . 6 ( 5 )  14 .0±3.1(10)  15.3-'-2.9~15~ 
4. High  - 1.7 ± 1 . 7 ( 6 )  27.1 ±6 .3(14)  19.5---5.2(20t 

5. Ignored + 8.1 ± 2.6(21 ) 16.7 ± 3.0(:18) 12 .0± 2.0~ 39I 
6. Ignored - 1.4 ± 1.0(14) 2 9 . 0 ±  5.0(19) 17.3-+ 3-8~33~ , 

7. Low Ignored 3.8 ± 1.6(24) 25.4 ± 4.8(13) 11.4 ± 2.6~.57) 
8, H igh  Ignored 9.1 ± 3.9( 11 ) 21.8-+ 4.1(24) 17.0 m 3.2(35'~ 

9. Ignored Ignored 5.4 ± 1.7(35) 2 3 . 0 ±  3.1(37) 14.4 ±2.1C~2~ 

"Mean of - 10 x Iogj0 (dilution) at which response of 2+ is observed in Ra3 skin test. If no respoa,.~ ob~et'~d 
at any concentration then - 10 x Iogn~ (dilution) = 0.0. 

q,ow Ant/gen E: no response to a dilution of 10 -z or more. 
'High Antigen E: response to a dilution of 10 - i  or less. 
al.ow lgl~: l g l / <  300 ng, 

"High IgE: IgE > 878 rig. 

/Mean "" standard error; sample size in parentheses. 
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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- 
ot7pe 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 
only HLA-A2 and Antigen E response, and in column 3 we compare the mean 
R~-3 response considering only HLA-A2 and IgE. We see that in individuals with 
low Antigen E response (column I), Ra3 skin test response is positif/dy associated 
wi~ 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 lgE 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  lgE is demonstrated by comparing E high with E low among low 
IgE and comparing E high wkh 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 ~est responders--a difference of  21.6 among those 
with low lgE and of  12.7 among those with high IgE. However, oa 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 begween 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 lgE responders, of  high Antigen E skin test responders 
with low Antigen E skin test responders, and of  HI.A-A2 positive individuals 
with HLA-A2 negative individuals; in doing so, this analysis adjusts for any 
associations ;n the sample between IgE response, Antigen E response, and pres- 
ence of  HLA-A2. The resulting signiftcant 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 signifgant, p < 0.001), (b) the rein- 

TABLE 3 Regression analysis of  Ra3 skin test response ~' considering lgE 
(loglo), HLA-A2, and IgE × HLA-A2 interaction as the 
independent variables b 

I n d e p e n d e n t  var iable  

S~mdard 
error $/gnifi¢~e of 

Shape ~B) of B F~ L|21y vuh~le 

lgE(logu~) 7 .42 4 ,78  2.4 | > 0 .  ! 
H L A - A 2  - L 6 8  6 2 9  0 .07  > 0 . 7  
lgE(logu,)  x H L A - A 2  interacti~m ¢ 2 .24  17 .46  0 .02  > 0 . 9  
In t e rcep t  - 1 .40 

"Analysis of  y where: 

y = -Iogu~(dilut/orl~ x IO ift~qreisar~p~c~e~otoRa3of2+ ~reore 
= 0.0 o~herwi~e. 

~Done using the REGRESSION pr~:~.~lure o¢" SPe,~ [6J. T ~  ~ x~' d c ~  a f ¢ ~  d ~ y  ~ n ~  v ~  
with up to 100 independen~ vK/~bk, s, d c ~ t ~  ~ |  ¢~.e~ w/th ~ ~ ¢m ~l¢~y of  the v a ~  ~ ¢ d .  

'Value of the F statistic ur*d to t¢~ the s igc / f i c~e  of t~e ~ d e ~  v~/~he. ~ ~mobers in pcre~the~es ~kncge 
the degrees of  freedom. 

aEstimated by creatie, g a v~ri~Me: 

X, = logsdlgE) for c ~  i i fhe  is HLA-A2 ÷'- 
0.0 /f ¢~se j b HLA-A2 ~.  
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TABLE 4 Regression analysis of Ra3 skin test response* considering 
Antigen E response, IgE, HLA-A2, IgE x I~LA-A2, and Antigen 
E x HLA-A2 interactions as independent variables b 

Independent  Variable 

Standard 
error  .~ i g n i f g a ~ e  of  

Slope(B) of  B F( 1,119)' variable 

Logt0 (IgE) - 0.966 4.26 0.05 > 0 . 8  
Antigen  E titer a 5.38 0.85 40.41 <0.001 
H L A - A 2  - 4.18 14.83 0.08 >0 .7  
Interactions 

H L A - A 2  x IgE(iogl0Y 3.90 5.57 0.49 >0 .25  
H L A - A 2  x Antigen E titer" - '  3.43 1.02 10.35 <O.005 
Intercept 5.06 

~y = - Iogt0(l~.a3 dilution) x I0 i f there isresponseof2+ ormore; 
= 0.0 otherwise. 

hDone using SPSS REGRESSION procedur,. ~ (see Table 3, footnote b). 

'See Table 3, fimmote c. 

' tx ~ - logt0 (Antigen E dilution) if there is a response of 2 + or more; 
= 0.0 otherwise. 

'See Table 3, footnote d. 

tionship between Ra3 response and HLA-A2 depends on whether the Antige:a 
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 !gE 
are not significant, p > 0.05). 

In Table 3 we present the results of stepwise regression on considering Ra3 
response as a function of lgE (logl0), presence ~f  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 (log~0), Antigen E skin test 
response, and Ra3 skin test response 

Pearson Correlat io~ 

Ra3 response IgE ~log,,~ 

Ra3 response ~ 
IgE (log,oY 
Antigen E response" 

IgE (iogm) control l ing for Antigen E b 
Ant igen  E control l ing for igE ~Iog~) ~ 

X 
0.20" (130) 
0 . 4 9 " *  (126) 

0.20" { t30)  
X 

0.24"* ( i 25 )  

Partial Correlat ion with Ra3 

0.10 NS  (124) X 
0.47 **° (124} X 

Noz¢: "/9<0.05; "'p<O.Ol; ""p<0.001. NS, not significant; degrees of freedom in parentheses. 
qObtained using SP$S procedure PEARSON CORR with option 3, which gives a two-sided test of s~n i f i c~e  
or r [ 6 ] .  

~)btained 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 as indepet::lent variables, these variables are significant. 

In Table 5 we present the observed Pearson correlation between Ra3 response, 
Antigen E response, and (logto) leE. Positive correlations are observed both 
between Ra3 response and Antigen E response and between Ra3 response and 
(log,0) lgE. However, the partial correlation between ga3 response and (log,o) 
lee 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), a 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 lgE 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 1~3 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 partlai correlation between Ra3 titer and 
Antigen E controlling for (loglo) lgE is significant and positive; whereas, the 
association between Ra3 response and (logt~) lgE 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, nonparm~netric correlatMns, or multiple 
regression. 

There are several possible ways of interpreting the observed interaction be- 
tween HLA-A2 and Antigen E. To some extent our coudusions depend on 
whether we wish to consider the Ra3 asu~:iatkm with HLA-A2 as being depen- 
dent on the level of Anti~n E response of whether we wish to interpret it as 
indicating that the positive a s s o c ~ n  lx~:ween I~3 response and Antigen E 
response is modified by the presence or abf.nce of the HLA-A2 allele. We 
cannot in a population study discriminate between the two. One couduf~ou from 
the first approach would be to h y ~ z e  three linked genes on the sixth 
chromosome: one which might be near HIA-A and in ~ disequilibrium 
with HLA-A2, one for Antigen E response has.ing two alleles, ~ d  one for Ra3 
response having two alleles (E and 3). If we assume ~ the alleles for high 
response to both Antigen E and Ra3 (Eh a~d 3h) ~ ~ frequent and recesfive 
to the alleles for low response (EL and 3t) t h ~  ~ ~ are consismt with 
the orderings of HLA-A Ra3-E, a strong l i ~  ~ u i l i b d u m  between 3L and 
EL, and a weaker posidve dit~quilibrium between 3h and A2 + arming chromo- 
somes having Ev Thus the four most common combimitiotis would be A2*3L EL, 
A2-3h E,, A2 + 3L Eh, and A2 + 3h Ev Such genetic hypoth~es mu~ be tested 
in appropriate family studies. A second lppro~h to these results, which we 
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FIGURE 1 Results of regression analysis of Ra3 skin test response wieh Antigen E skin 
test response: A comparison of the relationship in HLA-A2 + and HLA-A2 - individu~s. 
Results were obtained through SPSS REGRESSION procedure with Ra3 Skin test re- 
sponse as the dependent variable and Antigen E skin test response as the independent 
variable [6]. • best-fitting line for HLA-A2 + responders; • best-fitting line for HLA- 
A 2 -  Responders; * = - 10 logH; (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 modi~ed 
by presence of  I-~LA-A2 or a gene in linkage disequilibrium with A2. TMs 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 amot~g 
nonresponders to Antigen E (comparison of  intercepts). In any case, a d d i d o ~  
family studies need to be done to examine the relationship between these three 
variables. 

C O N C L U S I O N S  

Data on HLA-A2, Ra3 skin rest sensitivity, Antigen E skin test sensitivity, and 
IgE levels taken from 133 atopic individuals were evaluated. We observed 
through both regression analysis and comparison of  the appropriate means that 
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Ra3 skin test response is associated with Antigen E response independent o f  the 
IrE levels, but that it is not associated with IrE 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 sensitiviw depends 
on Antigen E sensitivity is in some way modified by the presence of  HLA-A2. 

ACKNOWLEDGEMENT 

This research was supported in part by USPHS Grant GM10356, and NIH Grants AI 
11483, 1 ROI-HL23631-02, and CA-20531-03. 

REFERENCES 

1. Marsh DG, Chase GA, Friedheff L, Myers DA: Association of HLA antigens and total 
serum immunoglobulin E level with allergic response and failure to respond to ragweed 
allergon Ra3. Proc Nat| Acad Sci USA 76:2903, 1979. 

2. Marsh IX}, Goodfriend I., Bias W: Basal serum irE levels and HLA antigen frequencies 
L Studies with Ragweed Allergen Ra3. Immunogenetks 5:217, 1978. 

3. Blumenthal MN, Yunis E, Glekh G, Mendell NR, S~oy P, Walsh G, Roitman-Johnson 
B: Lack of association of the immune response m Ragweed antigen E, Ra3 and Ra5 
with the HLA system, lmmunogenetks (in press), 

4. Gleich G, Averbeck A, Sedlund H: Measurement of i re  in ~.~rma~ and allergic serum 
by radioimmunoassay. J Lab Clin Med 77:690, 1971. 

5. Amos DB: Determination of histocompatibiJ/ty: The inheritance of leucocyte antigens. 
Transplantation 5:1015, 1967. 

6. Nie N, Hull C, Hadfai C,JenkinsJG, Benf D: StatisticM P~kage for the Social Sciences 
2nd ed. New York, McGraw-Hill, 1975, pp. 276---430. 


