in acute allergic reactions. It also began Larry’s life-
long passion for the role of the human basophil in al-
lergy and inflammation. This work resulted in several
seminal papers and was the basis for his PhD, which
he received from Johns Hopkins in 1965. One of
us (D.A.L.) became a postdoctoral fellow in Abe
Osler’s lab in 1962, where he used the human leuko-
cyte-histamine release system to measure human
reaginic antibody and thus became well acquainted
with Larry’s early work.

During his years as a postdoctoral fellow, Larry also
took his turn seeing patients in the Hopkins Allergy
Clinic, an experience that allowed him to become a
clinical allergist. To round out his clinical training,
after receiving his PhD, he spent the following year
as Assistant Resident on the Osler Medical Service.
After morning rounds, he would return to his lab on
Blalock 10 to plan the day’s experiments, which
were usually performed by his first technician, Anne
Kagey-Sobotka, who later earned her own PhD under
Larry’s mentorship. Many Hopkins medical students
opted to work in Larry’s laboratory during free quar-
ters and summers, including one of us (N.F.A.) who
began projects on penicillin allergy which continued
into his Osler medical residency.

It was during his years in Osler’s lab (1961-1965)
that Larry began to collaborate with Phil Norman.
Their first study together applied the use of the in vitro
basophil histamine release model to quantify sensitiv-
ity and response to specific immunotherapy with a
standardized ragweed extract. This landmark study
was published in 1966 in The Journal of Clinical
Investigation (45:1126-36), more than a year ahead
of the Ishizakas’ classic Journal of Immunology article
identifying ‘“‘reagin” as IgE. Norman and Winken-
werder organized the clinical trial, and Lichtenstein
and Osler did the laboratory assessments of immuno-
logic sensitivity. Three additional clinical papers by
this pioneering team, all published in 1968, reported
on the results of a controlled study of immunotherapy
for ragweed hay fever, the value of adjuvants in boost-
ing IgG antibody responses, and a comparison of treat-
ment with “antigen E”(now Amb a 1), the principal
ragweed allergen in whole ragweed extract. In 1969,
Larry and Phil wrote a review article for The American
Journal of Medicine (46:163-73) summarizing their
work and view of human allergic reactions at that time.

Phil and Larry would go on in the 1970s to preside
jointly over a separate Division of Clinical Immu-
nology that would be housed in the newly built O’Neill
Research Laboratories at the affiliated Good Samaritan
Hospital across town. At the same time, Kimishige and
Teruko Ishizaka were recruited from Denver where
they had ““discovered” IgE. This was followed by a
long lineage of recruits and retained trainees that
now constitutes one of the world’s largest faculties
devoted to the study of allergic diseases. In 1989, the
Division moved to the new Johns Hopkins Asthma
and Allergy Center, where the Norman and Lichten-
stein legacy continues to this day.
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LEGENDS IN ALLERGY: PHILIP S.
NORMAN AND LAWRENCE M.
LICHTENSTEIN—THE HOPKINS
EXPERIENCE

Dr Philip Norman began his medical career at
Washington University School of Medicine in St
Louis, Mo, where he graduated cum laude in 1951.
During his formative years in medical school, he grav-
itated toward the emerging field of immunology and
has remained in its forefront ever since, through his
endeavors in allergen characterization, allergen immu-
noassays, allergen provocation, and clinical trial
design.

After completing his internship the following year,
at Barnes Hospital in St Louis, and subsequently his
residency in 1954, at Vanderbilt University in Nash-
ville, he received a highly sought after fellowship in
New York at the Rockefeller Institute for Medical Re-
search, under Dr Merrill Chase. It was here that he first
explored allergen characterization in the laboratory
with Dr T. P. King, an association that led to several
important publications on the principle protein aller-
gens isolated from ragweed.'

He was initiated into the Hopkins community in
1956, becoming an Assistant Professor in 1959, and
subsequently an Associate Professor in 1964. He was
asked to establish a formal Division of Clinical
Immunology in 1970. During these early years, he as-
sembled a core team composed of Lawrence Lichten-
stein, Martin Valentine, and David Marsh, and began
to focus on the underlying pathophysiology and treat-
ment of allergic respiratory disease. The nucleus of
this team expanded through the 1970s with the addition
of Thomas Van Metre, N. F. Adkinson Jr, and Anne
Kagey-Sabotka. The Division grew rapidly in the
1980s as Robert Schleimer, Don McGlashan, Robert
Naclerio, Stephen Peters, Edward Schulman, and Peter
Creticos completed their fellowships and immersed
themselves in the limited confines of the Howard
Hughes Institute at the Good Samaritan Hospital,
within which the incubating Division began to flourish.

As codirectors of the Division of Clinical Immunol-
ogy, Drs Norman and Lichtenstein envisioned the es-
tablishment of a center to meet the national demand
for advances in treating allergies, asthma, and related
respiratory disorders. In 1989, the culmination of their
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vision led to the christening of the Johns Hopkins
Asthma and Allergy Center.

This 5-story facility incorporates wings for research
and diagnostic laboratories and outpatient care and
clinical research. A major goal of the center is to train
physicians who wish to specialize in the treatment of
allergic and respiratory disorders. Funded through
governmental and private sources, more than 150
fellows who populate academia, government, and in-
dustry as well as clinical practice owe a large debt of
gratitude to the keen foresight, wisdom, and guiding
hands of Philip Sidney Norman and Lawrence M.
Lichtenstein.

THE EARLY YEARS: THE 1960s:
CHARACTERIZATION OF RAGWEED

In 1962, Drs Norman and King isolated the first
allergenic protein (antigen E [Ag E]; Amb a 1) from
a known allergy-causing substance,' thus paving the
way for standardization of allergens for both diagnos-
tic and treatment purposes. Indeed, on the basis of
this ability to characterize and measure the major
allergenic moiety of a defined and clinically relevant
allergen, Norman and Lichtenstein were the first to
use modern immunoassay techniques, including gel
and liquid chromatography, leukocyte (basophil) his-
tamine release assays, antibody titer measurements,
and RAST inhibition studies, to evaluate the effective-
ness of allergen desensitization therapy, a cornerstone
of the allergist’s armamentarium for treatment of
patients with allergy since the early 1900s, and ushered
in the new era of ‘“‘allergen immunotherapy,” as
coined by Norman.

The initial work by King and Norman isolated the
allergenic activity of ragweed to specific protein-rich
fractions (III, IV, V).l'3 They used standard laboratory
methods to extract and concentrate the active moieties
from ragweed pollen. They isolated and characterized
the active protein moiety in fraction IV and designated
this 37,800-kd protein Ag E.* In their 1967 publica-
tion, they isolated and defined the second most active
allergenic moiety in ragweed pollen, antigen K (Ag K;
Amb a 2), in protein fraction V.* Ag E accounted for
6% of the ragweed pollen’s weight, whereas Ag K rep-
resented 3% of the pollen’s weight. The 2 proteins ap-
peared to be antigenically independent on the basis of
immunodiffusion studies of Ag E and Ag K against
rabbit antisera to ragweed. On the other hand, these
2 active allergenic moieties appeared to share common
antigenic determinants. Comparative skin test studies
demonstrated that both fractions were more reactive
on the skin than whole ragweed extract (100-fold to
1000-fold). Furthermore, the Ag E fraction was more
active in most patients (n = 30), with the Ag K fraction
more active in only 1 study subject. Comparative his-
tamine release assays demonstrated that the allergenic
activity of the Ag K fraction was approximately 50%
less than that ascribed to fraction IV (Ag E).3’4
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Antigen E took center stage as an important diagnostic
and potential therapeutic tool.

DEVELOPMENT AND APPLICATION OF
IN VITRO IMMUNOASSAYS TO
EVALUATE CLINICAL RESPONSE

In 1921, Prausnitz and Kustner identified a ‘“factor”
in serum from a patient with allergy that had the capac-
ity to transfer the ““allergic’” wheal and flare reaction
from one individual to another.”’ In 1968, Kimishi
and Terri Ishizaka, from their laboratory in the
Department of Microbiology at the University of
Colorado Medical School, identified a serum immuno-
globulin, which they termed IgE, as the reagenic anti-
body responsible for this passive transfer property.°

Studies by Cooke et al’ in 1935 and Loveless® in
1943 demonstrated that patients with allergy undergo-
ing allergen desensitization produced immunoglobulin
“blocking antibodies” that had the capacity to block
the passive transfer reaction in the skin. In 1968,
Lichtenstein, Holtzman, and Burnett’ described the
immunoglobulin and chromatographic characteristics
of this human blocking antibody.

It was demonstrated that blocking antibody and
IgG eluted together, leading to their conclusion that
“blocking activity”” was essentially a function of IgG
molecules. A subsequent publication by Lichtenstein,
Norman, and Winkenwerder'® the same year made
the observation that the blocking activity of the sera
from immunized patients increased several 100-fold
above control levels.

Tangential to these studies, Norman, Lichtenstein,
Winkenwerder, and Osler'" published a hallmark pa-
per in 1966 in which specific in vitro methods were
used to study the changes in cellular and humoral
activity associated with specific desensitization. This
work demonstrated that the sensitivity of an allergic
donor’s leukocytes to an offending allergen (ragweed)
correlated significantly with the degree of symptoma-
tology the patient had during the ragweed season.
Furthermore, the serum from these ragweed-treated
patients was shown to contain antibodies capable of
binding the antigen and thereby decreasing the in vitro
allergic response, and that, as contrasted with the pla-
cebo-injected group, the ragweed-immunized group
demonstrated an increase in the level of antibody
with antigen-neutralizing capacity, which increased
proportionally to the quantity of ragweed Ag E admin-
istered with treatment (vis-a-vis IgG antibody).

In 1967, Lichtenstein, Norman, and Connell'? used
measurements of in vitro leukocyte sensitivity to rag-
weed Ag E and Prausnitz-Kustner titrations of skin-
sensitizing antibody as indices of severity in ragweed
hay fever. These studies clearly showed that cell sensi-
tivity, as defined by the concentration of ragweed an-
tigen required to release 50% of histamine content
from leukocytes isolated from the blood of allergic
donors, strongly correlated with symptom severity and
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was a more accurate measure of the disease state than
skin-sensitizing antibody.

In a 1971 paper, Levy, Lichtenstein, Goldstein,
and Ishizaka'? reported that clinical improvement in
ragweed-immunized children correlated best with de-
creased leukocyte sensitivity and reactivity to ragweed
Ag E and that the observed decreased cell sensitivity
was associated with lower serum reagenic antibody
levels.

The pertinent corollary to use of these immunologic
assays is the validation of their results. In this regard, in
1973, Norman, Lichtenstein, and Ishizaka'* reported
their finding on the intercorrelations between these
newer immunoassays and in vivo skin test sensitivity
and clinical symptoms. In a study of 87 patients with
grass and ragweed allergy assessing these diagnostic
tests, the authors reported significant agreement be-
tween quantitative skin test titration and the in vitro
methods to measure specific IgE antibody against an
allergen, and basophil histamine release (a nonspecific
assay dependent both on the amount of IgE antibody
fixed to the surface of basophils and the releasability
of the cells themselves). Furthermore, there was signif-
icant agreement between the degree of positivity with
each of these diagnostic tests and the reciprocal patient
symptomatology.

That same year, the group and Hill'> also ex-
pounded on the effects of ragweed immunotherapy
on these same parameters and made the following hall-
mark observations: (1) antiragweed IgE antibodies rise
in untreated patients as they are naturally exposed to
ragweed pollen during the season; (2) in immunized
patients, treatment induces an initial rise in IgE anti-
bodies, which over time declines and is not boosted
with subsequent seasonal exposure; (3) the treat-
ment-induced increase in IgG blocking antibody corre-
lates with the observed decrease in serum IgE
antibody; (4) IgE antibody on basophils appears to cor-
relate with the untreated patients’ serum IgE; and (5) in
untreated patients, symptom scores strongly correlate
with both their serum IgE and the sensitivity of their
basophils to Ag E-induced histamine release.

The earlier studies cited on cell sensitivity' 112 com-
bined with the published results demonstrating the
ability to measure antibody response after allergen
immunotherapym’l1’15’16 set the stage for a series of
definitive studies of immunotherapy with ragweed
allergen published by the Hopkins group from 1968
to 1972."7%°

BRIDGING TO CLINICAL STUDIES OF
EFFICACY: ALLERGEN IMMUNOTHERAPY
USING A QUALITATIVELY DEFINED
RAGWEED EXTRACT

In 1963, Lowell and Franklin®' reported that in 24
patients with ragweed allergy and seasonal fall hay
fever symptoms, a significant reduction in symptoms
was noted during the peak of the ragweed season by
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the patients on active therapy compared with the pla-
cebo group (P = .05).

Subsequently, in 1967, Franklin and Lowell** un-
dertook a study of 25 patients with allergy already
on multiple allergen therapy and compared the efficacy
of continued high-dose ragweed therapy (range, 0.07-
0.5 mL of a 1:50 concentration; mean, 0.3 mL) to that
of a low-dose ragweed regimen, where the adminis-
tered dose was reduced to 1/20th (range, 0.1-0.4 mL
of a 1:1000 concentration; mean, 0.3 mL). Analysis
of diary scores showed that patients with ragweed
allergy receiving high-dose allergen treatment (n =
13) reported excellent symptom control (median score,
20), whereas the low-dose group (n = 13) reported in-
adequate symptom relief (median score, 300; P =
.025). These trials used a crude ragweed extract, and
no attempt was made to define protein content in the
allergen extract. However, the studies demonstrated
the importance of an adequate treatment dose.

In this same timeframe, Norman, Winkenwerder, and
Lichtenstein embarked on a series of studies incorporat-
ing the new immunologic techniques described to eval-
uate the efficacy of allergen immunotherapy in a more
precise and objective fashion. They anticipated that a
well characterized ragweed extract, one quantified on
the basis of Ag E protein content, would allow better
characterization of the immunologic changes associated
with immunotherapy and might lead to more effective
clinical relief. These studies provided important treat-
ment parameters related to dose requirements and length
of treatment necessitated to achieve clinical benefit.

In 1968, Lichtenstein, Norman, and Winken-
werder!” published an initial double-blind study
comparing the treatment effect of preseasonal immu-
notherapy with a ragweed Ag E preparation (provided
by the National Institutes of Health Committee on
Standardization of Allergens) versus placebo injec-
tions in 40 patients with ragweed allergy matched by
cell sensitivity. This study addressed the relationships
between symptoms, cell sensitivity, and ‘‘blocking an-
tibody”’ in these subjects and expanded on preliminary
observations, confirming that treated patients reported
lower symptom scores (P < .01) than matched placebo
patients (affirming the usefulness of balancing patient
groups by cell sensitivity) and that patients with higher
antibody measurements, induced by treatment, like-
wise had better clinical outcomes. As predicted, the
antibody response correlated significantly with the
amount of Ag E administered.

Next, Norman, Winkenwerder, and Lichtenstein
published their findings of a controlled, double-blind,
4-year study of preseasonal immunotherapy of patients
with ragweed-allergic hay fever randomized to treat-
ment with whole ragweed extract (defined by Ag E
content), purified ragweed Ag E, or placebo.18 In this
preseasonal study, the patients were given weekly in-
jections (May to early August), with doubling doses
unless local or systemic reactions necessitated a slower
build-up.
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This study highlights several important findings.
First, an adequate dose must be achieved before evi-
dence of clinical relief is noted—hence, during the first
2 years of this study, the lower cumulative preseasonal
dosage levels of purified Ag E (1963, 3.7 ng; 1964,
32 pg) and whole ragweed (1964, 3.1 ug Ag E) were
not effective in ameliorating symptoms. However, as
higher cumulative doses of ragweed were attained in
1965 and 1966, a stepwise improvement in clinical
symptoms was demonstrated in both treatment groups
compared with placebo.

In fact, the patient group that received whole rag-
weed reported peak season symptom scores that
were 44% lower than those of placebo-treated patients
during the final year of study. Clinical improvement
was also demonstrated in the group that received puri-
fied Ag E (1965, 252 ng; 1966, 36 pg), where symp-
tom diary scores were reduced by 31% compared
with the placebo group. Fig 1 plots the average daily
symptom scores for the patients in each group and
clearly displays the significant improvement in clinical
symptoms achieved by the actively immunized groups
compared with placebo groups during the peak of the
ragweed pollen season (whole ragweed vs placebo,
P = .004; purified Ag E vs placebo, P = .03). These
results demonstrate that the efficacy of preseasonal
therapy with ragweed pollen immunotherapy is depen-
dent on the dose of antigen administered. The question
of whether a purified Ag E extract could supplant a
whole ragweed extract containing other relevant major
allergens (Ag K/Ra3/Ra5) was not conclusively an-
swered by this study.

Expanding on these observations, Lichtenstein,
Norman, and Winkenwerder'® in 1971 reported the
results of a clinical trial designed to determine whether
a more aggressive regimen that allowed patients to
achieve the same final cumulative dose in 1-year in-
stead of 3 years could achieve the same clinical benefit.
In this placebo-controlled trial, in which purified pol-
len extracts (Amba 1, Amba 1 + Ag K) were compared
with crude (whole) ragweed, and which used the same
preseasonal study design as outlined, patients receiv-
ing weekly injections (March 6 to August 6) with
doses doubled unless local or systemic reactions
necessitated a slower build-up.

The mean total cumulative dose of crude (whole)
ragweed extract was 33.4 pg Ag E (median, 26.7),
and the mean cumulative dose of the purified Ag E ex-
tract was 1000 pg (median, 742). There was an approx-
imately 40% reduction in clinical symptoms (symptom
index [SI]) for each of the treated groups (whole rag-
weed SI, 7.8, vs placebo SI, 11.3; P < .01; purified
AgESI, 7.2, vs placebo SI, 11.3; P < .01). The authors
recommended pushing to a “‘maximally tolerated”
dose because, at that time, as shown in their 1970
publication, commercial extracts varied in their Ag E
content.”

An interesting corollary from this study,19 also ob-
served in the previous study,'® was that the crude
(whole) ragweed preparation and the purified extract
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preparations were fairly comparable in efficacy. Of im-
portance, this single year of therapy produced a degree
of symptom relief comparable to that seen with the
3-year course of immunotherapy reported in the
1968 study, and provided solid evidence that a more
aggressive regimen that allowed a comparable dose
to be achieved in 1 year could be safely administered
and could achieve clinical success in a more rapid
timeframe.

This study also incorporated the newly defined
in vitro techniques to characterize further the immuno-
logic parameters influenced by immunotherapy. A de-
crease in leukocyte sensitivity, as assessed by basophil
histamine release, accompanied the symptomatic im-
provement in some but not all patients. A rise in IgG
blocking antibodies was demonstrated in the actively
immunized populations, and the measured antibody
titer correlated in a positive fashion with the dose of
allergen administered. However, as observed with
the histamine release studies, some patients obtained
good clinical relief without significant IgG antibody
production, and conversely, some patients demon-
strated high IgG antibody production but exhibited
poor clinical benefit.

Next a perennial injection regimen with boosters ad-
ministered at 6-week intervals was initiated in a group
of patients with ragweed (RW) hay fever who had par-
ticipated in the 1963 to 1966 preseasonal study.18 This
led to a publication in 1971 by Lichtenstein, Norman,
and Winkenwerder'® that demonstrated a sustained
clinical improvement in both treated patient groups
immunized perennially with ragweed (whole RW
and Ag E treatment cohorts) over the 2-year study
period (1967-1968), compared with the placebo (PL)
group’s mean daily symptom index scores (P < .01).
Of note, the booster immunization regimen incurred
a reaction rate similar to that observed during the last
year of preseasonal therapy.

These properly designed clinical trials, using rag-
weed allergen, validated this long-standing treatment
modality and ushered in the modern era of allergen im-
munotherapy, in which well characterized or standard-
ized allergens, administered in an adequate dose, and
administered for an appropriate duration were shown
to induce clinical benefit that could be substantiated
in an objective manner with specific immunoassays.

SPECIFICITY OF IMMUNOTHERAPY AND
COMPARATIVE STUDIES ON ADEQUATE
DOSE

The 1965 study by Lowell and Franklin®* addressed
not only the efficacy of ragweed immunotherapy but
also its specificity. In that study, patients initially re-
ceived multiple-allergen immunotherapy on the basis
of their clinical sensitivities. In the subsequent year,
patients who had reported clinical symptoms on their
diaries, in spite of immunotherapy, were then random-
ized in a blind fashion to receive either an extract with
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FIG 1. Average daily symptom scores of groups of patients with hay fever treated with antigen E, whole rag-
weed extract, or placebo in 1966. Reprinted with permission from Norman PS, Winkenwerder WL, Lichten-
stein LM. Immunotherapy of hay fever with ragweed antigen E: comparisons with whole pollen extract and

placebos. J Allergy 1968;42:93-108."8

ragweed (ragweed-included) or an extract from which
ragweed had been removed. Over the course of the
next ragweed season, the group no longer receiving
ragweed had a recrudescence of symptoms, whereas
the (ragweed-included) treatment group continued to
report good control of clinical symptoms.

The clinical and immunologic specificity of immu-
notherapy was likewise demonstrated by Norman and
Lichtenstein®® in a 1978 study of patients allergic to
both ragweed and grass. Only the group of patients im-
munized to ragweed showed a clinical improvement
in their fall hay fever on graded symptom medication
diaries, whereas the nonimmunized group reported
typical fall symptoms on their seasonal diary records.
The effects of immunotherapy were shown to be
specific for the allergen to which the patients were
immunized, because neither group received grass
immunotherapy injections, and both groups reported
similar spring pollen symptoms.

In 1982, Van Metre, Adkinson et al?® reported a
study that compared the standard weekly injection
regimen (with immunotherapy) to that of a clustered
(immunotherapy) regimen in which multiple doses
were given at 3-week intervals. Again, it was demon-
strated that a whole ragweed extract delivering a me-
dian cumulative dose of 70 pg Amb a 1 provided
effective clinical relief (SIT, 3.8, vs PL, 11.1; P =
.01). In this study, the authors reported that single
maintenance doses of about 9.4 g Amb a 1/injection
compared favorably with their calculations of maxi-
mally tolerated doses from reviewed studies, in which
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maintenance doses ranged from 2.7 to 46.8 ug Amb a
1/injection.

In contrast with standard immunotherapy, an alter-
nate form of low-dose treatment, termed Rinkel immu-
notherapy (RIT), was also practiced in the 1970s.
In 1980, Van Metre, Adkinson, Lichtenstein et al”’
published a critical evaluation of this form of immuni-
zation, in which the dose of allergen injected was 1/
1000 the customarily recommended dose (median
maintenance dose, 0.006 pg Amb a 1/ injection; mean
cumulative dose, 0.094 pg Amb a 1; range, 0.004-
0.151 pg). The symptom medication diary scores indi-
cated that the low-dose RIT method of immunotherapy
was no more effective than placebo (symptom medica-
tion diary score, RIT, 9.8, vs placebo, 8.1).

In 1980, these investigators also published their
comparative study of the Rinkel method of immuno-
therapy vs SIT and conclusively demonstrated the
efficacy and superiority of SIT, with symptom
scores reduced ~50% compared with RIT (SIT, 2.9,
vs RIT, 5.8; P < .01).”® In addition, SIT was shown
to be statistically superior to placebo (P < .01) with
no difference observed between the RIT and placebo
groups (RIT, 5.8, vs PL, 5.0; P = .3; Fig 2). In this max-
imally tolerated protocol, the patients (n = 15) on stan-
dard immunotherapy received a median maintenance
dose of 11 pg Amb a 1/injection (range, 3.7-46.8 ng)
with a median cumulative dosage over the treatment
interval (February to October) of 84.9 ug Amb a 1
(range, 18.1-351.2). In contrast, the RIT group
received only 0.001 pg Amb a 1 (Fig 2). As would
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FIG 2. Arithmetic mean of daily symptom-medication scores for the groups indicated compared with the
pollen count reported as ragweed pollen grains per cm? of rotoslide. Rise and fall of symptom medication
scores were significantly correlated with rise and fall of ragweed pollen counts for standard ragweed group
(Spearman correlation coefficient, rg = .696, P < .01), placebo group (rs = .626, P < .01), Rinkel 78/79 group
(r¢ = .718, P < .01), and Rinkel 79 group (r¢ = .603, P < .01). Symptom medication scores of standard
group were significantly less (P < .01) than those of Rinkel and placebo groups; those of Rinkel and placebo
groups were not significantly different (P = .30). Reprinted with permission from Van Metre TE, Adkinson NF,
Amodio FJ, Lichtenstein LM, Mardiney MR, Norman PS, et al. A comparative study of the effectiveness of the
Rinkel method and the current standard method of immunotherapy for ragweed pollen hay fever. J Allergy

Clin Immunol 1980;66:500-13.

be predicted, SIT produced a significant increase in
anti-ragweed IgG antibody and decrease (blunting) of
the seasonal rise in antiragweed IgE antibody; in con-
tradistinction, RIT and placebo demonstrated neither
of these surrogate immunologic changes previously
shown to be associated with appropriate immunizing
dose regimens.

DEVELOPMENT AND APPLICATION OF A
MODEL OF RAGWEED PROVOCATION

Norman and Lichtenstein envisioned that a model
of nasal allergen provocation could provide a unique
tool with which to characterize the allergic response,
and implicitly to study the effects of immunotherapy
on the cellular events, inflammatory responses, and
immunologic changes that occur in allergic rhinitis.
The standardized incremental inhalation of allergen
by nasal provocation induces clinical symptoms that
correlate with the stepwise appearance of a variety of
inflammatory mediators (histamine, kinins, prosta-
glandins, and leukotrienes) in nasal secretions.””>!

In 1985, Creticos, under Norman’s tutelage,32 pub-
lished the initial study by the Hopkins group that de-
fined the utility of the method for the study of
immunotherapy. This comparison of 12 patients with
ragweed allergy (on long-term [3-5 years], moderate-
dose immunotherapy [6 pg Amb a 1/injection]) with
a group of 27 patients not previously immunized
revealed that significantly fewer of the immunized pa-
tients developed an immediate-phase allergic reaction
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as characterized by clinical symptoms or mediator
release after nasal ragweed provocation.

In the follow-up study by Creticos et al,”” the 27 pre-
viously untreated patients were randomized in a blind
fashion to 2 different ragweed immunotherapy pro-
ducts. In the patients placed on standard ragweed immu-
notherapy, evaluation of the clinical, immunologic, and
biochemical mediator response to nasal pollen chal-
lenge was performed when each of 3 predetermined
levels (0.6 pg, 12.4 pg, 24.8 pg RW Amb a 1/injection)
of immunotherapy had been reached over the 18-month
treatment period. The low dose of immunotherapy
provided no protection against nasal provocation.
However, both the 12.4-ng and 24.8-pg doses afforded
protection as evidenced by more pollen being required
to elicit mediator appearance in nasal secretions, and
the absolute amount of mediator released at each stage
was reduced. Furthermore, patient seasonal symptom-
medication scores over the 3 ragweed seasons evaluated
demonstrated significant clinical improvement during
the 2 years patients were on immunotherapy compared
with the pretreatment year. These studies defined an op-
timal individual treatment dose for ragweed immuno-
therapy at 6 to 12.4 ug Amb a 1/injection.

In a later study of 41 subjects with ragweed allergy
from the group, Iliopoulos et al** showed that ragweed
immunotherapy not only diminished the immediate-
phase allergic reaction but also significantly attenuated
the late-phase component of the IgE-mediated allergic
reaction. Recognizing that the late-phase reaction is
dependent on the recruitment of a secondary wave of
inflammatory cells, including eosinophils, basophils,
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and neutrophils, into tissue, Furin et al®® demonstrated
that immunotherapy significantly decreased eosino-
phil migration into the nasal cavity. Then Majchel
et al®® showed that immunotherapy prevented the
increased responsiveness of the nasal mucosa to a
nonspecific irritant (histamine) in patients with allergy
during the season.

These studies convincingly demonstrated that con-
ventional immunotherapy, administered at an optimal
therapeutic dose, had a positive effect on each compo-
nent of the allergic diathesis—the acute (immediate)
allergic response, the late-phase allergic response,
the nonspecific mucosal reactivity, and the underlying
cellular basis of the disease, and that these objective
mechanistic observations were associated with clinical
improvement.

SUMMARY

Through a research career that spanned 50 years,
this prodigious collaboration provided the allergy
community with the tools to design and perform
clinical studies of immunotherapy based on sound sci-
entific principles. Their studies of ragweed immuno-
therapy provide a framework for assessment of
therapeutic efficacy based on measurable objective
immunologic parameters: (1) a rise in serum IgG
blocking antibodies. (2) a suppression of the typical
seasonal rise in IgE antibodies followed by a steady
decline in the level of specific IgE antibodies with
a continued maintenance immunotherapy regimen,
(3) an increase in blocking antibodies in nasal secre-
tions, and (4) inhibition of allergen-induced histamine
release from isolated human leukocytes (reduced baso-
phil sensitivity and reactivity). Furthermore, their acu-
men in clinical trial design defined equally important
clinical parameters that defined clinical success: (1)
use of a well characterized allergen extract standard-
ized based on major protein content (Amb a 1); (2) de-
fining an optimal immunizing dose which minimized
the systemic anaphylaxis engendered with maximally
tolerated dose regimens; (3) use of immunotherapy
for an adequate length of time through incorporation
of a perennial maintenance immunotherapeutic regi-
men to induce lasting protection; and (4) defining the
specificity of immunotherapy.

In conclusion, their enormous body of work has
advanced the discipline of allergy from what most
would term an art into a defined science, based on
sound scientific principles, and provided the practicing
allergist-immunologist with a more precise practice of
medicine.
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