
In vitro assay of allergenic properties 
of ragweed pollen antigens 
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Abraham C. Osler, Ph.D., Ba,ltimore, Md., and .Veu,~ J’ork, 9. I’. 

An in citro react<on system, based on the release of histamine from kolntctl 11~1tkoc:ytc~s 
of allergic donors, has becrk used to assay the allergenic activity of ragwwd poZZen 
antigens. Antigen E was the most potent allergen i,n tests with leukocyte su~spensions 
of different individzlals. The specific activity of oth.rr antigens, relative to E, rangrd 
from abozlt 0.5 to 47 per cent. The leukocytes of differmt individuals vary in thci.r 
pattern of sensitivity to the srvrral antigens in ragweed pollrn. I)ata are givrw 
to show that the sensitivity of this in vitro bioassay proccdwr cx:c*c’~~ds thnt of thf- 
skin test by about twcvty times. 

R ecent chromatogra8phic and immunologic studies have contirrncd thcl ~ws’- 
ence of numerous antigens in extracts of ragweed pollen (rlmbl-osicr rlntior) .‘-’ 
Several of these antigens are now available in highly purified Corm, but theil 
standardization for diagnostic and therapeutic purposes has been limittd 1, 
the lack of an adequate bioassay procedure. At present, the assay of these al- 
lergens is based on skin testing in humans,“, 6 a technique tha.t is poorly repro- 
ducible and lacking in precision. It was therefore of interest to ascertain 
whether the experimental design used in this laboratory for studies of histamine 
release from human leukocytes”-14 might serve as a basis for an in vitro bio- 
logical assay of human allergens. 
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The experiments described below illustrate t,his attempt. In brief, a SUS- 

pension of well-washed leukocytes from a ragweed-sensitive donor is incubated 
with the a.nt.igen under study. The outcome of this immune event is expressed 

in terms of histamine release. The intensity of the response is proportional to 
the logarithm of the antigen concentration in the range of 20 to 80 per cent 
histamine release, allowing antigen est.imations reproducible to within 20 per 
cent.” Consequently, it might be expected that this procedure would surpass the 
skin test technique in discriminating between the allergenic actirities of different 
ragweed pollen extracts. The fact that the release of histamine from human 
leukocytes can be effected with allergens of different specificities’“, ‘I’ suggests 
the possible extension of this assay to antigens other than ragw-ct~l pollen (lx- 
trarts. 

MATERIALS AND METHODS 

Antigen preparations 

The antigens from ragweed pollen extracts were prepared as dcscribcd bp 
King and co-workers.“, (; The separat.ion procedure is summarixcd brit+ly b(~low 
t,o facilitate interpretation of t,he experimental findings. 

Wl~olc pollen is dclipidated in cthcr, extracted in water, and tlic soluble 
material is precipitated in 90 per cent saturated ammonium sulfate. This prc- 
cipitate is dissolved in tris hydrochloride buffer and rendered free of low mo- 
lecular weight substa.nces by filtration through a Sephadex G-25 column. This 
procrdurc yields two fractions, A a,nd B. Fract.ion B is inactiyc and is dis- 
carded. Chromatography of fraction A on DEAE ccllulosc yields fract,ions C 
and T). The latter is the more active fraction and, when applied to a Sephades 
G-100 column, yields fractions I to VI.” Skin t.ests ha,ve shown that fraction IV, 
which consists almost entirclp of a single antigen, designated E, has the highest 
specific activity. antigen E can be isolated in four chemical forms by further 
purification of fraction IV on TEBE cellulose. These forms, designated as IVA, 
-B, -C, and -D, arc proteins of identical molecular weight. and amino acid coin- 
position but differ in their charge. Analyses of these subfractions by gel diffusion 
with rabbit antisera have yielded reactions of identity.” 

The <antigens used in this study were stored at a, conccrntration of 100 Pg 
per milliliter in tris-ACRlt buffer at -20’ C. The antigen prepa.rations were 
assayed within a few months after their isolation. However, frozen samples of 
fraction IV have not decreased in activity after st,orage art -20° C. for more 
than three years. Aliquots for daily use were diluted to a concentration of L’ Pg 
per milliliter in tris-ACM, a fresh sample having been thawed for each csl,cri- 
mcnt . 

Antigen assay procedure 

One milliliter aliquots of a standardized leukocyte suspension (1.5 i 0.3 x 
10’ per milliliter), obtained from a single donor, are placed in a series of rcac- 

*The source of fractions I,, I,, II,, and II, is described by King, Norman, and Connell.~ 
tTris, preset 7.59, 0.025M; NaCl, 0.12OM; 

6 Y 10MM; M@l,, 1 x lo-SM. 
KU, 0.00511; IIRA, 0.03 per crnt ; (‘aCl,, 
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tion tuhcs. The antigens t.o lx tested art’ added in 3 ml. \olumt~s, iii tlillltions 
selected to yield a rcleasc. of histamine in the part,ial rang0 0I’ i*c3ponsc’, i.cs., 
20 to 80 per cent. Since the cells of diffcrcnt clonors niiiy v;I.I’?- ilr tllcxir wslw~i- 

sivcness to ragweed antigens over a coriccriti.a.tiori range of i’or~ r ortl(hrs 0 1’ niiig- 
nitudc, preliminary tit,rations are rcquirrd to IOCilliZO tlic scwsiti\.it>, 0 )I (~lrll 
cdl suspension. The ~11s and ant.igen arc Inis4 and incuMrt1 at :l’i” ( ‘_ I’OV 
60 minutes with periodic, agitation. The mixtures art’ then ccantrifngcsd and t I)(, 
cell-free suprrnatcs assayed for Jil)ctr;rt,t~d histaminc~.“‘~ Ii I)npliwtc~ (*c~II alicllwls 
are lysed with perchloric acid to cstimatc the tOti Iiistaniinc~ c~oni(~rrt ol’ that 
cells under stud\-. 

EXPERIMENTAL RESULTS 

Comparative histamine-releasing capacity of different ragweed pollen antigens 

P1-actio/ls L 1 (r?,C7 IT’. Initial cxpcrimcnts wcr(’ pcrfornic~l with 1 Ircw 1 \vo iiiii- 
terials, rcprcscnting i l crndc and i l purified pr’t~p;lMt~iOIl. FI.il(‘tiOIl .\ c7)rltaills 
the water-soluble material prccipitatcd 1)~ 90 per cent s;l.tl~rilt<~(l ;I mmonilml 
sulfate. It may be considered as a niistnw of most, if Iiol all. 01’ t Ii(i \v;itclr- 
soluble protein antigens in ragweed pollen, whcrcin ;IIttig(ln E rc~l)rcw~l~ts onI>- 
6 per cent of the tobal protein.” In co&x$ fraction IV is a purificltl dt>rivati\-(, 
of fract,ion A, consist,ing of about 87 per (bent antigen 15 (3~ irl)ovt~ ). Skier 1cMs 
showed that, of more than 250 individuals who rcilctcd to fract i,)n .\. olll~. two 
failed to give positive skin t.csts with fraction IT’.” In all other indivitlllals t’t*iL(*- 
tion IV was more pot,ent than tlie crude, pwnt Iniltcrial, frac4ion A\. 

To investigate the relationship between fractions n ;1ncl IY. lC~lllwC~~tc~ SIIS- 

pensions from donors with ragweed allergy wcrc divided into two 1~rt ioIls, Ear 
testing with ea,ch fraction. Two illust,rativc dosc~-rcsponsc~ (W’VW ilI’(’ s(‘(‘n iu 
Fig. I. The graph on the right indicates the results ohtaincd with the I~~l~o~~tc~s 
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RAGWEED POLLEN EXTRACT w per ml 

Histamine release by ragweed polle~l extracts .4 and IV. Compdrativc responses of lwlc0@3 
from two ragweed-sensitive donors. 

JTO uwi 
Histamine available, pg 0.43 0.24 
Number white blood cells 2 x 107 1.6 x JO;. 



of one individual (BWi). In this case, the amount of fraction A required for 

a given response esceedcd that of fraction IV by a fact,or of about. 10. The rc- 
suits with the cells of another donor (JTo) are shown in the left graph of 
Fig. 1, whcrc it can bc seen that fractions A a,nd IV were of idcntiwl biological 
potency. Similar results were obtained on ret.cst,ing the cells of thcsc two indi- 
viduals with the same preparat~ions after iLn interval of swne wwl~s. Iii tests 

with the ccl1 suspensions of six other donors, each cxhibitcd i l unique ratio with 
respwt to the relative activities of fractions A and IV, although all fell within 
the range set by BU’i ( 1 :10) and Jl’o (1 :l), as shown in Fig. 1. The actual 
ratios of fractions A t,o lr required for 50 per cent histaminc~ wlcasc wtw : 
10.5, !).S, 9.1, 3.8, 3.2, 2.X, 2.0, and 1.1. It may be reasoned that ii’ fraction X 
wntaincd OIW or mow allcrgwls, all of which ha,d been concentrated to an equal 
estcnt in fraction IV, il. constant ratio of specific acti\&!- (i.e.. A :lV) should 
havc bcc~n found in assays with leukocytes from diffcrcnt allergic individ~~als. 
Since this ratio is I-ariable, it follows that lcukocytcs from different donors var! 
in their content and,/or specificity of immunoglobulins capable of releasing 
histamine upon int.eraction with a @\-en set of ragwwd pollen antigww. This 
finding is fully consistent with the fact that ragweed pollen contains multiplr 
biologica.lly active iUltigQIlS. It is also in agreement with the varying piltt(‘l+IIS 

of skin reactions obscrvcd in individuals tested with the sanl~ panrl of allti- 
gens.53 ti Further evidrncc alonp these lines emcrgcd from espcrimcnts with the 
purified fraction 11 and its dcri\-ativcs. 

Fig. 2 

10-4 10-s 10-z 
RAGWEED POLLEN EXTRACT, yg PER ML. 

Dose response relationships of ragweed extract fraction D and its subfractions. I to 7’. 
Yumber white blood cells, 1.6 x 10;. 
Hist,amine available, 0.37 pg. 
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The results of a t.ypical titration arc prcscntrtf in Fig. 2, where it may bc SCVII 

that the biological a.ctivity of these fract,ions varies more than one hundred fold 
on a weight basis. The slopes of the log dose-response plots in Fig. 2 arc roughly 
similar in the partial range of response, suggestin, 11 that the activity of thcsc 
fractions is compara,ble in terms of the weight of a.ntigen necessar>- to rclcasc 
50 per cent of the cellular hista,mine store, i.e., specific activity. This comparison 
is shown for three individuals in Table I. Since t,hc cells of differcnt~ individuals 
vary in sensitivity, the comparison is also made in terms of relative activity. 
arbitrarily setting the activity of fraction IV at, 100. These data dcmonstratc 
considerable simila.rity in the pattern of rcsponsc to thrsc fractions by the three 
cell suspensions. Taken in their entirety, the results obtained with the lcukocytc 
suspensions parallel the skin reactions elicited with the same antigens (SW Fig. 
7 of King and Norman”)). In both studies, fraction IV emerges as the most potent 
allergen ; fractions V and 11 also exert considerable allergenicitp. The allcrgcn- 
icity of fraction I) is to be espccted since fraction IV is derived from 1) which 
contains 19 per cent antigen E.” The low allergcnicity of the other fractions 
might have been attributed to contamination with antigen E. llowcvcr, tho 
differing patterns of response with individual ccl1 suspensions, as is particularly 
apparent in the case of fraction V, suggest that this is not t,he explanation. 

As noted above, antigen E represents 87 per cent, of the material in fraction 
IV, and is the substance appa,rently rcsponsiblc for its allergenic activity.” 
Assays were, therefore, conducted with fractions IV Ii and IVc, as ~~~11 as with 
a less homogeneous preparation, IVn. Fractions 1V,, and IVc arc immunologi- 
cally indistinguishable preparations of antigen E which contain less than 5 per 
cent of other pollen antigens” (SW Fig. 4 of King, Norman, and Conncll”). 
These fractions were assayed with the ~11s of three allergic donors. ;I typical 
experiment is shown in Fig. 3. Fractions IT,, ant1 II’, had the same activity*. 
requiring 1.0 and 1.1 x lo-” pg per milliliter, rrspcctivcly, to cause 50 1~1’ cent 

Table 1. The cowentration, i)L nanogrunas per n~illiliter, of fractio,! II u~tl its 

derivatives required to cu.use 50 per cent histunaiw release from tkp leukoqtps 

of three allergic iwkduals. The potency of each fraction is presewtcd ivt 
terms of per ted activity reldive to IC 

I Cell ldonor REe Cc71 donor FG7 Cell donor HWi 

Concentration Conccfitration 
of antigen 5% of antigen 

required for acti~tity reqwired f09 
5Oq0 release relative 50qo release 

Fraction (x 10-S Gm.) to IV (x 10-9 Gm.) 

IV 1.3 100 0.045 
V 9.0 14 0.12 
D 10 13 0.45 
III 27 4.8 0.75 
IIA 41 3.2 1.5 
IIB 41 3.2 2.0 
TR 90 1.4 3.5 

100 0.47 100 
40 1.0 47 
10 1.2 40 

6.0 9.0 5.3 
3.0 8.5 5.5 
2.5 2.0 
1.3 1.3 

IA 220 0.6 1.9 2.4 110 0.43 
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Fig. 3 

Dose response relationships of ragweed extract fraction IV, its subfractions, and fraction A. 
Number white blood cells, 2.0 x 107. 
Histamine available, 0.42 pg. 

histamine release with this leukocyte suspension. The parent material, Zlr, was 
somewhat less active, requiring 1.3 x D3 pg per milliliter, while 2.0 x IO-” 
pg per milliliter of ZF’, was required for a 50 per cent response. With the cells 
of another individual, the quantities required for 50 per cent histamine release 
were 1.1, 1.2, 1.5, a,nd 1.9 x lo-” pg per milliliter for fractions ITiB, ZVC, IV, 
and II’,, respectively. The cells of a third donor also yielded similar ratios of 
comparat,ive activities for these fractions. These assa.ys indicate the degree of 
definition tha,t may be achieved with this technique and allow the conclusion 
that fractions IV, and IVc are more potent that IV which, in turn, is more 
active than IVn. Within the limits of the experimental error, it appears that 
the activity ratios of IVn and 1Vc:IV:IVn are the same in the three individuals 
tested. The constancy of these ratios for a larger group of cell donors remains 
to be verified. It is pertinent, however, that t,hese results again bear close 
resemblance to the skin test data (see Fig. 9 of King, Norman, and Connell”). 
Moreover, the leukocyte histamine release data compared favorably with the 
estimations of antigen E in these fractions. Quantitative immunodiffusion 
analyses established that the concentration ratios of antigen E in these frac- 
tions are 1:l:O.g :0.5 for IVn, IVo, IV, and IVn, respectively. The corresponding 
ratios for the histamine releasing potencies of these antigens are 1:0.9:0.75:0.5. 

Sensitivity 

The histogram in Fig. 4 indicates the distribution of leukocyte sensitivity to 
fraction IV in assays of 92 patients, two thirds of whom had never received 
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10-c 10-5 10-4 10-3 10-Z 

ANTIGEN REQUIRED FOR 50% HISTAMINE RELEASE 
(yg/ml) 

Fig. 4 

The quantity of ragwec~l polh fraction IV roquiml for 50 per writ Ilistanlinc~ wlws~~ 
the leukocytes of 9L’ rag\vecd-sensitive donors. 

ragweed antigens parenterally for diagnost,ic or thcrapcutic purposes. Over half 
of these donors required hctwcen I and 10 x lo-” g per milliliter to achicvc 
50 per cent histamine release, a,nd the range was from l@” to slightly less than 
1O-2 g per milliliter. This may be compared wit,11 the skin testing of fract,ion 
IV, the results of which showed that in about two thirds of 159 donors, minimal 
reactivity was noted with the administration of JO-’ to lo-‘; pg of antigen. 
(Since 0.05 ml. was injected, the actual concentrations of the solutions wwc 

2 x lo-” to 2 x lo-” pg per milliliter.) The amounts of antigen required for a 
ma.ximal skin rcsponsc were ten to one hundred fold higher. These data suggest 
that relcase of histamine from reactive leukocytes is a somewhat IVORY scnsitivc 
technique than skin t.esting. 

Reproducibility 

The data. in Fig. 5, A and 73 bear on the reproducibility of the histamine 
release assay when the same leukocytes are used at, diffcrcnt. times. Two dosc- 
response curves for one set o-f cells are compared in Fig. 5, A. The 50 per’ cent 
response values are virtually identical and arc well within the limits of es- 
perimental error (+ 10 per cent). Greater variation is seen in replicate ilSStl)X 

carried out, over a longer period of time (Fig. 5, 7i). At the 50 per cent, intcr- 
cept, the values ranged from 7 t.o 25 x 10-” pg of fraction IT’ per milliliter in 
12 separate experiments carried out OVVI iL period of more than three ?-cars 

with the cells of a single donor, RDa. 111 34 individuals whose dose-rcsl)onsc 
curves were repeated 5 t,o 6 times over ii 9 month period, t,hcrc was no statisti- 
cally significant change noted in the antigen rcqiiircd for 50 per cent histaniinc 
release, although there was a tendency of the cells of individuals ~vho had been 
desensitized to require somewhat more antigen. The possible effects of paren- 
tcral pollen thcrayy on cell scnsitivit,y arc under study.” 
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DISCUSSION AND SUMMARY 

The cxpcriments dcscrihcd all\-c illnstratc the application ol’ an in \-it ro 
model of human allergic reactions to tlic bioassay of allergcnic~ prvpa lilt ions. 
The assay mimics in viro ercnts with respect to the lihcmtion of a vasonctivc 
amine by physiologic quantities of the antigens which mediate ragwcctl Iryper- 
sensitivity (Fig. 4). As noted, the same l)ilttPITlS of wspwlsc follow thv usv of 
several rag-reed pollen extracts of varying dcgrccs of purity, in llUlllilIl skin 
tests and in the in vitro histamine rclcasc from human Icukocytcs. The lvuko- 
ryte rcact,ion system proridcs greater resolution than the skin test, c~sc.cvding 
the latter by about, twctntyfold. The use of a standardized snspcnsion of lcuktr 
cytes also tends to facilitate test replication and rc~producihility of results ( E’ig. 
5, A a,nd 23). 

The hioassa.ys prrformctl with the various fractions isolated from ra~wcc~l 
pollen confirm the earlier skin testing data in demonstrating that fraction I\’ 
(antigen 13) has the great& potency. Moreover, the relative actiritics 01’ the 
other fractions are readily established, csemplifying the utility of this in vitro 
system in antigen purification proccdurcs (Tahlc I). The skin test data l)er- 
mitted similar conclusions but lacked the quantitative precision ncccssary fol 
antigen standardization. 

The data in Table I and in Figs. 1 and 2 indicate t.hat. a uniqucl pattern of 
sensitivity to different ragweed pollen antigens charactrrizcs the Icukocytes of 
each individual, a conclusion that could not be dra\vn from the skin test (lilta 
with the same degree of validity. The therapeutic implicat~ions of thcsc findings 
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