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Although atopy is characterised by
a type 1 IlgE-mediated reaction, it
.may also be associated with cell-
mediated immunity. Late-onset skin
reactions have been described, some
of which may be IgE-mediated (‘late
phase response’) ? while others
resemble the more classical delayed

type of hypersensitivity (DTH) skin-

reaction on the basis of timing
(maximal at 36-48 hours) and histo-
logy (mononuclear infiltrate).®*
Most individuals with seasonal aller-
gic rhinitis do not give such DTH
skin responses®:5 to allergens, al-
though cells iransferred to non-
atopic recipients often result in
positive delayed skin reactions.®

Antigen-induced lymphocyte
responses in vitro are considered
to reflect cellular immunity and
have been studied by blast trans-
formation,”® lymphokine produc-
tion>®*  and thymidine incor-
poration,!**>  There is evidence
that the cell responding to allergens
isa T cell.2>'®17  (Clinical relation-
ships are uncertain. In some stu-
dies,”® but not al,¥ Ilympho-
cyte stimulation has correlated with
immediate hypersensitivity.

In this study we describe a rye
grass-allergen-induced T-lymphocyte
proliferative response which is signi-
ficantly greater in subjects with
itmmediate hypersensitivity to rye
grass than in non-sensitised subjects.
Furthermore, we found asignificant
correlation between this response
and the diameter of the wheal res-

SUMMARY The in vitro proliferative response of peripheral blood lym-
phocytes {PBL) to whole rye grass allergen and purified rye grass Group
1 allergen was studied. The PBL were obtained from 44 rye grass-positive
{positive prick skin testing {PST) and positive RAST to rye grass) patients
with seasonal allergic rhinitis and 17 rye grass-negative subiects, The
response of the rye grass-positive group was significantly greater than
that of the rye grass-negative group for both the whole rye grass allergen
and the Group 1 allergen, The proliferative response of the rye grass-
positive group correlated significantly with wheal diameter on PST but
not with other parameters. The predominant responding ceII type in
the proliferative response was showntobea T cell. :
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ponse demonstrated by pnck skin
testmg {PST).

MATERIALS AND METHODS

Subjects

Forty-four subjects (14 males,
30 females) ranging in age from 15
to 60 years, with a history of sea-
sonal allergic rhinitis, positive PST
and positive radicallergosorbent
(RAST) to rye grass (Lolium pe-
renne) were compared with 17 sub-
jects (3 males, 14 females), aged 20
to 54 years, with no history of rhi-
nitis and negative PST and RAST.
These are subsequently referred to
as positive and negative subjects re-
spectively, These patients were stu-
died pre-seasonally and had not
been hyposensitised to rye allergen,
nor were they taking any therapy at
the time of testing.

Skin tests and nasal challenge
PSTs'® were performed using a

commercial rye grass allergen prepa-
ration (@llergenic extract of perennial
rye grass pollen 1:20 w/v, Hollister
Stier Laboratories), using the volar
aspect of the forearm, Histamine
monophosphate (I mg/ml) (David
Bull Ltd, Guildford, Australia) and
saline were used as positive and -
negative controls respectively. The
reaction was read at 15 minutes. The
diameter (D) of the wheal was mea-
sured at its widest point and at
right angles to this point (d), and the
result expressed as the average of
these two diameters (=54 Dtd ), All
positive subjects had a mean wheal
diameter > 3 mm. ‘

Nasal challenges were performed
on the 44 rye grass-positive subjects.
Subjects received one spray per nos-
tril of the test solution using a nebu-
liser which delivered 0.1 ml of spray.

*From the Faculty of Medicine, University of
Newcastle, and the Hunter Immunology Unit,
Royal Newcastle Hospital, Newcastle, N.S.W,,
Australia.
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The first solution used was saline
which was used asa diluent. Follow-
ing this, the subject received increas-
ing concentrations of whole rye grass
allergen. The initial concentration
used was 0.01 pg/ml and this was in-
creased by a factor of 10 at intervals
of 10 minutes to a maximum concen-
tration of 100 ug/ml. The nasal pro-
vocation dose (NPD) was that at
which the subjects developed any
three of the following symptoms or
signs: nasal obstruction, itch, rhinor-
rhoea, sneezing and nasal mucesal
swelling or pallor.

Antigens

Antigens were prepared from rye
grass pollen (dry polilen, Greer Labs,
Inc., Box 800, Levoir, NC 28654,
U.S.A)) by the method of Marsh.??
A whole allergen preparation (con-
taining allergen Groups I, II, IIT) and
a purified Group I allergen were pre-
pared. Briefly, the pollen was defat-
ted with anhydrous diethyl ether,
The dry defatted pollen was extrac-
ted with 0.i25 M NH, HCO;, cen-
trifuged at 40,000x gfor 20 minutes
and dialysed extensively against
0.001 M NH, HCO,. This crude ex-
tract was lyophilised, dissolved in
0.01 M NH,HCO, (to approxi-
mately 20 mg/ml) and loaded
on a DEAE-sephacel (Pharmacia
Fine Chemicals, Sweden) column
(approximately 2 g of protein per
190 ml of column volume). To
obtain the whole allergen prepara-
tion, the column was eluted with
0.25 M NH,HCO,;. The eluted
material was pooled, dialysed and
lyophilised. To prepare the purified
Group 1 allergen, the column was
first eluted with 0.04 M NH, HCO,,
which yielded impure group III
allergen, - Elution with 0.25 M NH,
HCO; then gave a fraction contain-
ing impure Group [ and Group II
allergens, This fraction was lyophi-
lised, dissolved in 0.05 M NH,
HCO; and further fractionated on
Sephadex G57 (Pharmacia Fine
Chemicals, Sweden) to give puritied
Group [ and purified Group II aller-
- gens. Samples of the ¢rude extract,
the whole allergen and the purified
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Fig. I Polyacrylamide slab gel electrophoresis of crude rye grass pollen extract, whole
rye grass pollen extract and Gpl allergen. Crude rye extract contains predominantly
proteins of MW 33,00 and 14,000 and some higher MW proteins. Whole rye aller-
gen contains predominantly proteins of MW -33,000 and 14,000. Gpl allergen con-

tains only proteins of MW ~33,000.

Group | allergen were run on SDS-
polyacrylamide slab gel electropho-
resis?® (Fig. 1) using standard
proteins to determine the molecular
weight (Pharmacia low molecular
weight standard kit). The whole al-
lergen preparation contains two ma-
jor bands, one MW ~33,000 (Gronp
I allergen) and the other MW-14,000
(Group Il and Group III alergens).
The purified Group I allergen has
one major band. The whole allergen
and the Group [ allergen gave
precipitin lines against goat anti-
rye Group 1 antiserum (supplied
by Dr. D. Marsh) in an Quchterlony

test (not shown).
Pokeweed mitogen (PWM)(Grand

Island Biological Co., U.5.A.) was
used as a positive control antigen,

In vitro stimulation of peripheral
blood lymphocytes

Lymphocytes were separaﬁed
from heparinised blood by centrifu-
gation on Ficoll-Hypaque (Pharma-
cia Fine Chemicals, Sweden) by the
method of Boyum.?! The PBL
were washed three times in Dulbec-
co’s phosphate buffered saline
(CSL, Australia) and resuspended in
RPMI 1640 medium (Flow Labora-
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tories, Australia) supplemented with
10% human AB serum (from a
donor with negative rye grass
RAST), 2 mM of L-glutamine, 100
units/ml  of penicillin and 100
pg/ml  of streptomycin sulphate.
The PBL were cultured in triplicate
in sterile microtitration plates with
U-bottomed wells (‘Nunclon’, Nunc,
Denmark) with no antigen, whole
rye allergen (25 Ug of protein/ml),
Group [ allergen (235 Ug of protein/
ml) or PWM (1:200 final dilution of
reconstituted vial).  After seven
days, the cultures were pulsed for
four hours with one microCurie of
3H-thymidine (specific activity 2
mCi/mmol) and harvested on glass-
fibre filters using a multiple auto-
matic harvester. These were dried
and counted i a toluenebased
scintillant fluid using a Fscintilla-
tion counter. Results were express-
ed as mean cpm of triplicate
cultures + standard deviation.

RESULTS

1. Kinetics of lymphocyte response
in positive and negative subjects.

Various concentrations of whole
rye allergen or Group I allergen

were cultured with lymphocytes -

from one rye-positive and one
rye-negative subject (Fig. 2). The
Group 1 and whole rye allergens
gave a similar response. The
response reached a plateau at doses
above 100 pg/ml (not shown). In
all subsequent cultures the concen-
tration of allergens used in virro
was 25 pg/ml. This was con-
sidered to be a dose high enough
for adequate response without con-
suming large guantities of purified
allergen, The optimal response to
the rye grass allergen occurs on day
7 of culture (Fig. 3). Allsubsequent
cultures were therefore terminated
on day 7.

2. Response of rye-positive subjects
compared with that of rye-negative
subjects

The proliferative response of
PBL from 44 rye-positive subjects
was compared with that of PBL
from 17 rye-negative subjects. The
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fig. 2 Response of one rye-positive (®) and one rye-negative (C} individual to increas-
ing doses of whole rye {—) and Gpl (- - -) allergens. In subjects tested at doses > 100

Mg/ml, the response plateaus (not shown).
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Fig 3 Time course of response of a rye-
positive donor to no antigen (@), whole
rye allergen (O), Gpi allergen (M) and
PWM (C). The concentration of aller-
gens was 25 ug/ml and PWM 1/200 of
reconstituted vial.

response to whole allergen, Group I
allergen and PWM was assessed (Fig.
4). The mean response of the

rye-positive group was significantly
higher than that of the rye-negative
group for both the whole rye {p <
0.001) and the Group I allergen (p
< 0.001). However, some rye-posi-
tive subjects gave  little or no
response and some rye-negative
donors gave a reasonably high
response.

We found that 13 of the ryve-posi-
tive subjects gave litile or no re-
sponse to Group I allergen and nine
gave little or no response to whole
rye allergen, while five rye-negative
subjects responded to Group I aller-
gen and six to whole rye allergen.
The response of the two groups of -
subjects to. PWM was not s1gn1f1—
cantly different.

3. Characterisation of the respon-
ding lymphocyte

T celis, non-T cells or unseparated
PBL were cultured with whole rye,
Group I or PWM in two rye positive
subjects. The PBL and T celis
proliferated in response to grass
allergens but the B-cell response
was very low or absent. All three
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Fig. 4 Response of rye positive (®) and rye-negative (O) subjects to whole rye allergen

(25 pg/ml), Gp I allergen (25 pg/ml) and PWM (1/200). Culture period was seven
For Gp I allergen, the mean response of the rye-positive group (7,321 %
10,646) was significantly greater (P < 0.001) than the mean response of the rye-nega-
tive group (1,078 + 1 465). For whole rye allergen the mean response of the rye-posi-
tive group (10,636 * 11_873) was also significantly higher (P < 0.001) than that of
the rye-negative group (1,864 £2,152). For PWM, the mean response of the rye-posi-
tive group (6,928 * 4,380) was not significantly different to that of the rye-negative

days.
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group (8,191 + 4,097).

Table I Proliferative response of separated lymphocytes

Proliferative response {cpm)

Dpnqr , Cell type  Antigen 0 Gpl Whole rye PWM
R.S. non ~ T 708 918 1,091 9951
T 452 3,143 6,382 33,644
PBL 861 35,115 26,555 16,951
S.L. non — T 577 956 1,053 5,525
T 650 3,124 1,638 6,389
PBL 2,089 3,330 4,508 11,556
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cell populations proliferated in
response to PWM (Table 1),

Assay of culture supernatants for
immunoglobulin was carried out for
all the rye-positive subjects. Little
or no IgG or IgA and about a ten-
fold higher level of IgM were pro-
duced in response to Group I and
whole rye allergens (Table 2). About
50 per cent of these had zero (or
undetectable immunogiobulin levels,
PWM stimulation gave levels of [gA
and TgM about ten-fold higher, and
IeG levels about twenty-fold higher
than those produced by rye grass
allergens. The culture supernatants
of three subjects were assayed for
total IgE (Table 3). There was a low
spontaneous preduction of IgE
which was unaltered by the addi-
tion of rye grass allergen or PWM.

4. Correlation between lymphocyte
proliferation and skin test reactivity,
RAST, total serum IgE and nasal
provocation dose (NPD)

All rye-positive subjects had PST
wheals greater than or equal to 3
mm in diameter and a NPD less
than or equal to 100 pg/ml.

Linear regression- analyses were
carried out to test for correlation
between in vitro lymphocyte proli-
feration and the above parameters.
We found no significant correlation
between the lymphocyte prolifera- .
tion response in vitro In rye-positive
subjects and total serum IgE, RAST
score or NPD. However, we found
significant correlation between this
response and PST reactivity (wheal
diameter) with both whole rye al-
lergen (n = 39; r=0.5;p < 001)
and the Group I allergen (n = 39,
r=0.52;p < 0.01) (Fig. 5).

Separate cultures were set up (10
of each) from which the superna-
tants were pooled for assay of im-
munoglobulin levels, These cultures
contained 10% foetal calf serum in-
stead of human AB serum,

5. Separation of B and T cells from
peripheral blood

Lymphocytes were separated
from blood as previously described,
T cells were purified by E-rosetting
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Table 2 Immunoglobulin production in virro in response to rye grass alierpens

Immunoglobulin {(ng/ml) produced*

Antigen 1¢G M leA

1,09441,601 (n=31) 5,276+7.971 (n=30) 434551 (n=39)
21559 (n=34) 615%1,120 (n=35) 41£74 (n=36)
59115 (n=36) 6321148 (n=37) 68+192 (n=37)

PWM
Gpl allergen
Whole rye grass allergen

*Difference between immunoglobulin concentration in presence and absence of antigen,
n = number of rye grass-positive subjects assayed.

Table 3 1gE production in vitro in response to rye grass allergens

1gE (ng/ml)

Subject Cells

0 rye
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with papain-treated sheep red blood
cells (SRBC) and subscquent sepa-
ration on Ficoll-hypague.?? In the
T-lymphocyte - population, more
than 95 per cent were E-rosette-
positive and lfess than one. per cent
were surface-immunoglobulin-post-
tive. In the non-T cell population,
90 per cent were surface-immuno-
globulin-positive and less than two
per cent were E-rosette-positive: 85-
90 per cent of the E-rosette positive
cells were OKT;-positive.

6. Radioimmunoassays

PWM Serum rye grass-specific IgE was
AC PBL 0.45 0,30 025 measured by the Nalebuff modified
S PRL 0'4 P 0'30 1'67 RAST assay.?®> Total serum and
e ’ : ' culture supernatant gk was mea-
R.C. PBL 0.56 0.51 0.66 sured by Phadebas IgE PRIST?
.non—T 0.93 0.72 094 {Pharmacia Diagnostics, Sweden).
' T 0.08 < 0.06 0.08 For assay of IgE in culture superna-
tants, the sensitivity of the assay
{a} Whale Rye Allergen ) CPM  ib) GPI Allergen
% 1079 r=0.52, n =238, P<0.01
CPM ' r=0.50, n=239, P<C.01 60-
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Fig. 5 Lymphocyte stimulation by rye grass allergen plotted against skin test, Linear regression analyses were carried out to test for
correlation between lymphocyte proliferation and skin test reactivity. A significant correlation was found for both whole rye

allergen and Gp I allergen.
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was increased to 0.06 ng/ml by ex-
tending the incubation times and
using radio-labelled anti-IgE of
higher specific activity (Phageras
RAST, Pharmacia Diagnostics, Swe-
den). The performance characteris-
tics of this assay were similar to

those observed in the unmodified

IgE PRIST. Total IgG, IgM and IgA
- in culture supernatants were assay-
ed by a solid-phase radioimmunoas-
say.®®

7. Statistical analysis

Where appropriate, the data have
been presented as the mean and
standard error of the mean. Com-
parisons were evaluated, using the
Student ‘t’ test.

DISCUSSION

This study demonstrates a signi-
ficant association between rye grass
antigen-induced lymphocyte stimu-
lation and immediate hypersensiti-
vity to that allergen, and identifies
the predominant responding cell as
a T lymphocyte. These results were
obtained using both crude rye grass
extract and purified Group I aller-
gen . in carefully documented pa-
tients who were not taking therapy,
and who had been studied pre-sea-
sonally.

A guantitative correlation was
found between the uptake of 3H-
thymidine by rye grass-stimulated
lymphocytes and the wheal diame-
ter following skin testing, though
no such correlation could be de-
monstrated between the degree of
lymphocyte stimulation and total
serum IgE, specific IgE as detected
by the RAST score, or the threshold
concentration of rye grass antigen
giving a positive nasal provocation
test. A similar quantitative corre-
lation with skin testing was demon-
strated by Black and Marsh'® for
ragweed antigen F; they were also
able to correlate lymphocyte res-
ponse to the total serum IgE level.
Their results, however, differed
from ours in that they were unable
to correlate lymphocyte stimula-
tion with skin test positivity to rye

grass Group [ allergen.'® The rela-
tively low level of lymphocyte sti-
mulation by rye grass antigens in
patients, studied by Black and
Marsh, may relate to previous hypo-
sensitisation therapy,:* to some
differences in methodology of cul-
ture or skin testing, variation in anti-
gens, or differences in the seasonal
status of the patients at the time of
testing. In general, our results sup-
port the findings of other studies of
in vitro lymphocyte proliferation to
allergens,»1:1%:1415 which demon-
strated specific T-cell sensitisation
in atopic subjects.

Our failure to demonstrate a cor-
relation between lymphocyte res-
ponsiveness and serum IgE level in-
dicates that the degree of lympho-
cyte response to rye grass antigens
does not guantitatively reflect the
atopic status of an individual. The
failure of lymphocytes from most
skin-test-negative subjects to res-
pond to rye grass antigens supports
a specific response for ragweed anti-
gen E, rather than a polyclonal mi-
togenic effect of allergen as has
been reported” by some!? but not
all authors:*»'»!*  The prolifera-
tive effect of rye grass antigen in
some non-atopic subjects does not
deny specificity, as rye antigen is

- inhaled by all; moreover, the IgE

response happens to be that parti-
cular balance of the immune res-
ponse that characterises the atopic
subject.

A dominant T-cell response fo
rye grass antigens was demonstrated
by the failure to demonstrate signi-
ficant levels of immunoglobulin or
rye grass antibody in culture super-
natants, and the restriction of proli-
ferative response to the T-cell-en-
riched fraction. These results are
supported by others who have failed
to detect immunoglobulin in culture
supernatants’ though one group

"did claim to detect IgE production.?

In general, T cells respond better
than do B cells to soluble antigens
including ragweed antigen E.1% V7
The significance of our demon-
stration of a specific T-cell response
to the inhaled allergen rye grass (es-
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sentially restricted to atopics de-
monstrating the same skin test
specificity) is uncertain. Given that
non-atopics have a similar exposure
to rye grass yet usually do not de-
velop a significant T-cell respanse, a
broad based defect within mucosa-
related lymphoid tissue may exist
in the control of the immune res-
ponse to mucosally presented anti-
gen in atopic subject. T lympho-
cytes activated within the respira-
tory tract mucosa of man, may
have ‘a preferential intermucosal
circulation, much as appears to
occur in studies on animals,2® Ana-
lysis of surface markers and the
study of tissue localisation of T lym-
phocytes responding to rye grass
antigen should better characterise
the T-cell response to inhaled anti-
gen in atopic subjects. Alternatively,
the pronounced response of T cells
may reflect the T-helper function, on
which the IgE response is so depen-
dent.2”"3! Iri-this regard, it is of in-
terest that hyposensitisation in-
duces suppressor T cells capable of
diminishing the T-cell response to
allergen.® Further studies on the
class and function of allergen-sensi-
tive T cells are needed to answer
these questions and to determine
whether T-cell function tests have
clinical value.
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