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Background: This study used the skin chamber model to evaluate prospectively the effect of
immunotherapy (IT) on the cutaneous early and late phase response (LPR) to epicutaneous

antigen challenge.

Methods: Nine subjects with allergic rhinitis were studied at three time points: before starting
IT, after 3 months of IT, and after 6 months of IT. Skin chamber histamine content was
measured hourly for 12 hours, and cell counts performed hourly during hours 6 to 12. An
intradermal skin test was placed, and the reaction was measured hourly for 12 hours. Skin
biopsy specimens were obtained 8 hours after intradermal placement and evaluated for cellular
infiltrate and major basic protein deposition. Serum antigen-specific IgG and IgE levels were
measured at each time point to confirm physiologic effect of IT.

Results: Six months of 1T significantly (p < 0.05) decreased both early and LPR skin test
reactivity and skin chamber histamine for hours 1 to 3, 4 to 6, and 9 to 12. Skin chamber LPR
cellular influx decreased significantly (p < 0.05) for neutrophils only. Decrease in LPR
histamine after 6 months of IT was significantly correlated with both decrease in mononuclear
cells (R* = 0.817, p = 0.002) and decrease in neutrophils (R* = 0.813, p = 0.009). Also
significantly correlated were decrease in LPR skin test reactivity, with percent change in skin
chamber mononuclear cells (R’ = 0.800, p = 0.009) and decrease in early skin test reactivity
(R? = 0.675, p = 0.01). Biopsy specimens showed no consistent change in either dermal
cellular infiltrate or deposition of major basic protein.

Conclusion: /7 significantly attenuates cutaneous histamine release and skin test reactivity and
is accompanied by a decrease in skin chamber LPR neutrophil influx without significantly
altering the dermal infiltrate at 8 hours. (] ALLERGY CLIN IMMUNOL 1994,;93:484-93.)
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Although the mechanisms by which immuno-
therapy (IT) promotes clinical improvement in
allergic rhinitis are not fully understood, both
retrospective’ and prospective studies> * have
demonstrated that the size of the cutaneous late
phase response (LPR) is decreased after IT. The
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Abbreviations used
AU: Antigen unit
HDM: House dust mite
IL: Interleukin
IT: Immunotherapy
LPR: Late phase response
MBP: Major basic protein
MC: Mountain cedar
OCD: Optimal challenge dose
PNU: Protein nitrogen unit

skin chamber has been used*® as a model for
studying the cutaneous LPR to allergen by mea-
suring cells and mediators in chamber fluid during
the LPR. With the use of the skin chamber it has
previously been shown that a second rise in his-
tamine is concomitant with the cutaneous LPR,
analogous to earlier work by Naclerio et al.,” who
used a nasal model. This late histamine release
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has been associated with an influx of neutrophils,
eosinophils, and basophils into the skin chamber.*

The purpose of our study was to evaluate the
effect of 6 months of high-dose IT on the cutane-
ous LPR to antigen. We studied subjects with
allergic rhinitis to Juniperus ashei, commonly
known as mountain cedar (MC), and Dermatoph-
agoides pteronyssinus, or house dust mite (HDM).
MC is a potent seasonal allergen in south Texas,
with a characteristic pollen season from Novem-
ber through February, during which time few
other species are actively pollinating.” House dust
mite is a perennial allergen in the San Antonio
area. Subjects chosen were allergic only to MC or
HDM, avoiding possible priming effects from
other allergens. We measured changes in cellular
influx and histamine release into skin chambers in
addition to immunohistologically examining LPR
skin biopsy specimens taken 8 hours after intra-
dermal skin testing.

METHODS
Patients

Subjects with allergic rhinitis were selected on the
basis of history and skin test reactivity to MC (J. ashei)
or HDM (D. pteronyssinus) and the demonstration of a
cutaneous LPR. Subjects were skin tested by the inves-
tigators to determine the optimal chailenge dose
(OCD) for skin chamber studies and to document the
occurrence of an LPR. The OCD is the dose of antigen
that elicited a wheal at least 10 cm? with pseudopods, or
15 cm® with a flare of at least 45 cm®. The OCD was
determined by titrated intradermal skin testing (0.02
ml), starting with 1 antigen unit (AU)/ml for HDM or
1 protein nitrogen unit (PNU)/ml for MC, and increas-
ing until the OCD was reached or to a maximum dose
of 1000 AU/ml or 1000 PNU/ml. Skin test data were
documented and measured by the tape transfer tech-
nique. Subjects were then instructed in self-measure-
ment of the cutaneous LPR by tape transfer. Subjects
who on follow-up visit had a documented cutaneous
LPR were invited to enroll in the study. Exclusion
criteria included the following: age less than 18 years,
pregnancy, IT within 5 years, current use of B-blocking
medications, or the presence of concurrent medical
problems. The protocol was approved by the Wiiford
Hall Medical Center Institutional Review Committee.

Extracts

The same stock extracts of either MC or HDM were
diluted for the initial skin testing and for all subsequent
skin testing and chamber challenges. MC extract (saline
solution with 0.3% human serum albumin; Hollister-
Stier, Spokane, Wash.) from one lot with a strength of
9500 PNU/ml was lyophilized and refrigerated. The
same investigator reconstituted the extract 1 day before
each study with sterile albumin saline solution with
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0.04% phenol (Hollister-Stier), and serial dilutions
were made each time extract was used. A single vial of
standardized extract of HDM (Hollister-Stier) contain-
ing 50% glycerin with 10,000 AU/ml was used through-
out the course of the study. Serial dilutions were made
by the same investigator at appropriate times; identical
concentrations and storage conditions were used for
each study. Each extract was kept refrigerated at 4° C
during the 11-month course of the study. To attempt to
rule out any change in potency of extracts with time and
to verify identical biologic activity, skin test reactivity to
study extracts was periodically tested in two MC- and
HDM-allergic patients not involved in the study and
not receiving IT. No change in potency was identified
for either extract.

Skin chamber studies

Skin chamber studies were performed before the
start of IT, and after 3 months and after 6 months of IT.
Subjects allergic to MC were studied outside the MC
season to avoid any priming effect. HDM is a perennial
allergen in the San Antonio area. Conventional high-
dose IT> * was administered, and subjects were allowed
to progress to maintenance doses at their own paces.
The dose of antigen used for the epicutaneous skin
chamber challenge was 10 times the OCD. Administra-
tion of all antihistamines was stopped at least 3 days
before skin chamber studies. Daily symptom diaries
were not maintained because we studied MC-allergic
patients out of season and it was not our goal to assess
the clinical efficacy of IT.

Twelve hours before the study, superficial skin blis-
ters with a diameter of approximately 0.5 cm were
raised on the ventral surface of each forearm. These
were formed by use of a heat-suction device* that
applied both suction and a steady temperature of 39° C.
Blisters were formed at the same time in relation to the
start of each study. On the day of the study both blisters
were unroofed and any fibrin clot that had formed was
gently removed. Metal skin chambers with an interior
volume of approximately 500 p] were secured over the
denuded skin surface with tape and ostomy adhesive.
The chambers included a side port for adding and
withdrawing fluids and a top port for venting. Cham-
bers on both the right and left forearms underwent two
S-minute washes with 0.5 ml of lactated Ringer’s solu-
tion with 250 pg/ml heparin before the challenge was
commenced. The antigen side was challenged with
0.5 ml of 10 times the OCD of the appropriate antigen
(MC or HDM) for 1 hour, whereas the control side was
challenged with 0.5 ml of the lactated Ringer’s solution
for an equal time. After 1 hour the fluid was withdrawn
from each chamber, transferred to 1.8 ml polypropylene
centrifuge tubes, and replaced with the lactated Ring-
er’s solution on both sides. This same procedure of
withdrawing fluid each hour and replacing it with fresh
lactated Ringer’s solution was followed for both cham-
bers for the duration of the study. Simultancously with
the commencement of the skin chamber antigen chal-
lenge, a 0.02 ml intradermal skin test of the OCD of
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TABLE I. Changes in serum levels of antigen-specific antibodies with IT in HDM-allergic subjects

Subject Parameter Pre-IT 3 mo 6 mo
1 Dose 0 68 1013
IgG 106 123 (116%) 195 (184%)
IgE 41 61 (149%) 50 (122%)
2 Dose 0 33 317
IeG 108 95 (88%) 131 (122%)
IgE 2 26 (1600%) 32 (1300%)
3 Dose 0 26 131
IgG 70 143 (204%) 187 (267%)
IgE 15 26 (173%) 20 (133%)
4 Dose 0 48 813
IgG 94 ND 185 (197%)
IgE 55 ND 42 (76%)
Mean (SD) Dose 0 36.3 (24.2) 569 (358)
IgG 94.5 (15.1) 120 (19.7) 175 (25.4)
IgE 28.3 (20.9) 37.7 (16.5) 36.0 (11.2)
ND, Not done.

For subjects 1 to 4 antigen doses are expressed as cumulative AU administered; IgE is expressed as percent binding, and IgG in
nanograms per milliliter; 3- and 6-month antibody levels are expressed as percentage of pre-IT level in parentheses.

antigen was placed on the proximal portion of the arm,
which contained the antigen-challenged skin chamber.
The size of the intradermal skin test was measured and
documented by tape transfer after the first 15 minutes
and then hourly throughout the study. Flare size at
each point was subsequently measured with a Vidas
planimeter (Kontron Instruments, Everett, Mass.).

Cell counts were performed hourly beginning at hour
6. The polypropylene tubes were centrifuged at 3000
rpm for 5 minutes. The supernatant was withdrawn and
frozen at —70° C, then the pellet was reconstituted with
0.5 ml of the lactated Ringer’s solution. The tubes were
then agitated and 10 pl was withdrawn for cell count
with a Neubauer hemacytometer (Reichert Scientific
Instruments, Div. of Warner-Lambert Technologies
Inc., Buffalo, N.Y.). The remaining cell suspensions
were layered onto glass slides by cytocentrifugation at
600 rpm for 5 minutes. The slides were stained with
Wright-Giemsa stain. Differential cell counts were per-
formed on 100 cells per slide by a certified medical
technologist who was unaware of the origin of the slide.

Skin chamber fluid was pooled into hours 1 to 3, 4 to
6,7 to 9, and 10 to 12 and stored at —70° C. The fluid
was analyzed at a later date for histamine content with
a radioenzymatic assay, as previously described,” with a
sensitivity of 0.05 ng/ml. All histamine assays for a
single subject were performed at the same time to avoid
interassay variability.

Serum samples were obtained from each subject
during each study for the subsequent measurement of
antigen-specific IgG and IgE. For HDM-allergic study
subjects serum was sent to a commercial laboratory
(Specialty Laboratories, Inc., Santa Monica, Calif.) for
determination of HDM-specific IgE and IgE levels by
radioallergosorbent assay. For MC-allergic subjects
ELISA was performed in our laboratory by standard

techniques for MC-specific IgG, 1gG,, and IgE, as
previously described.?

Biopsy specimens

Seven of the nine subjects volunteered to undergo
skin biopsies as part of the study. Biopsy specimens
were obtained from LPR sites 8 hours after antigen
challenge both before IT and after 6 months of IT. The
OCD of HDM or MC (0.02 ml) was injected intrader-
mally in the upper arm, and a 4 mm punch biopsy was
obtained at the center of the cutaneous LPR 8 hours
later. The biopsy specimens were embedded in paraffin,
sectioned, and stained with hematoxylin and eosin.
Sections were examined by a dermatopathologist in a
blinded fashion. Differential cell counts on 100 cells
were performed on each biopsy specimen. A visual
analog scale of 1+ to 4+ was used to assess semiquan-
titatively the overall density of cellular infiltration.
Additionally, biopsy specimens were stained for eosino-
phil granule major basic protein (MBP) by indirect
immunofluorescence with affinity chromatography—pu-
rified polyclonal antibody."® Both cellular and extracel-
lular MBP localization were judged on a visual analog
scale of 1+ to 4+ on the bases of numbers of cells and
the extent of extracellular protein deposition.

Statistics

The Wilcoxon signed-rank test (Statview; Abacus
Concepts Inc., Berkeley, Calif.) was used to compare
changes in the various parameters recorded during the
course of the study. Analysis of variance was used to
establish statistical significance of pre-IT versus post-IT
measurements, and regression analysis was used for
comparative analysis of correlation between different
measurements. All results were compared after the
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TABLE IlI. Changes in serum of antigen-specific antibodies with IT in MC-allergic subjects
Subject Parameter Pre-IT 3 mo 6 mo
5 Dose 0 33 316
IgG 1.6 1.5 (94%) 2.6 (163%)
IeG, 0.022 0.05 (227%) 0.367 (1670%)
IgE 5.8 3.6 (62%) 4.9 (84%)
6 Dose 0 6.2 20
IgG 15.1 13.6 (90%) 19.1 (127%)
IgG, 0.072 0.141 (196%) 0.602 (836%)
IgE 6.8 71.1 (1046%) 61.6 (906%)
7 Dose 0 11 46
IgG 9.9 7.6 (77%) 7.5 (76%)
IgG, 0.006 0.006 (100%) 0.020 (333%)
IgE 1.8 1.4 (78%) 2.3 (128%)
8 Dose 0 1.7 723
IgG 8.8 4.7 (53%) 14.9 (169%)
IgG, 0 0 0.448 (=)
IgE 31 1.8 (58%) 4.9 (158%)
9 Dose 0 2.8 88
IgG 7.2 7.0 (97%) 9.1 (126%)
IgG, 0.087 0.096 (110%) 0.106 (122%)
IgE 221 10.5 (48%) 31.8 (144%)
Mean (SD) Dose 0 3.02(1.77) 275 (243)
IgG 8.52 (4.36) 6.88 (3.98) 10.6 (5.77)
IgG, 0.037 (0.035) 0.059 (0.054) 0.309 (0.216)
IgE 7.92(7.31) 17.7 (26.91) 21.1 (23.0)

Antigen dose is expressed in cumulative PNU administered; units for antibody levels were arbitrarily derived from ELISA
standard curve; 3- and 6-month antibody levels are expressed as percent of original values in parentheses.

control chamber values were subtracted from the anti-
gen-challenged chamber values.

RESULTS

A total of nine subjects with allergic rhinitis
participated in the study. Five were allergic to
MC, and four were allergic to HDM. Eight sub-
jects were allergic to a single antigen; the other
subject was allergic to both MC and HDM. Two
subjects had mild asthma but did not require
chronic antiinflammatory therapy. Only one sub-
ject had been previously treated with IT, and that
had been discontinued 13 years before entry into
this study. Five women and 4 men, with ages
ranging from 19 to 45 years, and a mean age of 34
years, participated in the study.

Serum antigen-specific antibodies

Changes in serum HDM-specific IgG and IgE
levels, with the cumulative dose of HDM (in AU)
for each subject at each study point, are shown in
Table 1. Levels of antibody at 3 and 6 months are
expressed as a percentage of the pre-IT level.
Increases in levels of IgG were consistently found;
changes in specific IgE were less consistent. Table
IT shows the results for MC-allergic subjects, in

whom IgG, levels were also measured and doses
of MC were calculated in PNU. Subjects 7 and 9
had relatively low total cumulative doses of anti-
gen and demonstrated the least increase in IgG
and IgG, levels.

Skin test reactivity

Mean changes in skin test reactivity during the
course of the study are shown in Fig. 1. Note that
for the pre-IT study group the cutaneous early
phase was maximal at 15 minutes and decreased
by 2 to 3 hours. The cutaneous LPR began at 3 to
4 hours, peaked at 8 hours, and declined by 12
hours. The marked diminution in cutaneous LPR
after IT is clearly shown in Fig. 1, with lesional
areas significantly reduced for hours 4 to 12
(p < 0.05). The skin reactivity in the early cuta-
neous response (hours 1 to 3) was also signifi-
cantly decreased by IT (p < 0.05).

Skin chamber studies

The antigen doses used in the skin chamber
challenges were as follows: MC, 100 PNU/ml for
three subjects; MC, 1000 PNU/ml for two
subjects; HDM, 100 AU/ml for two subjects; and
HDM, 1000 AU/ml for two subjects. Cumulative
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FIG. 1. Change in skin test reactivity over the course of the study. Bars indicate standard error of
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FIG. 2. Changes in total cellular influx into skin chamber during hours 6 to 12 for each cell type

during the course of the study.

cell counts for hours 6 to 12 for each cell type are
shown in Fig. 2. The numbers of neutrophils
decreased with IT at both 3 and 6 months but
were significantly decreased (p < 0.05) from the
pre-IT (62.8 + 30.4 x 10° cells) numbers to the
6-month (14.9 + 4.79 x 10* cells) study. Mono-
nuclear cells also decreased (23.1 = 14.5 x 10%,

16.7 = 10.2 x 10°, and 9.35 + 2.87 x 10* cells,
respectively) during the course of the study, but
the numbers were not significantly different. Eo-
sinophils increased at 3 months (9.78 = 4.66 x
10* cells before IT to 20.6 = 15.4 x 10° celis),
followed by a decrease at 6 months (6.98 +
3.88 x 10* cells); neither of these changes was
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FIG. 3. Changes in skin chamber histamine release during the course of the study.

statistically significantly different from the pre-IT
counts. The greatest change in neutrophil influx
occurred in the latter hours of the LPR and was
significantly decreased before IT versus after IT
at hours 9 to 12.

After IT the histamine content in skin cham-
bers decreased significantly in both the early
reaction and the LPR (Fig. 3). During hours 1 to
3 histamine levels decreased significantly (p <
0.025) during the course of the study from the
pre-IT levels (mean, 9.43 = 1.84 ng/ml) to
3-month levels (3.5 £ 1.5 ng/ml; p < 0.025), to
6-month levels (2.15 = 0.37 ng/ml; p < 0.03).
During hours 4 to 6 histamine levels also de-
creased from pre-IT levels (6.05 = 1.78 ng/ml) to
3-month levels (2.62 = 0.94 ng/ml; p < 0.05), to
6-month levels (1.76 = 0.64 ng/ml; p < 0.04). Fi-
nally, for hours 10 to 12, histamine levels mark-
edly decreased from pre-IT levels (3.62 = 1.39
ng/ml) to 6-month levels (1.97 = 1.08 ng/mi;
p = 0.008). Histamine levels showed a slight in-
crease for hours 10 to 12 at 3 months (5.04 = 2.81
ng/ml) followed by a significant decrease from 3 to
6 months (p = 0.017).

Regression analysis revealed several interesting
correlations. The observed decrease in early skin

test reactivity correlated significantly (R* = 0.675,
p < 0.01) with decrease in LPR skin test reactiv-
ity, suggesting a relationship between the early
mast cell-mediated events and the more complex
events of the LPR. Furthermore, the decrease in
LPR skin test reactivity correlated significantly
(R* = 0.8, p = 0.009) with decrease in percentage
of mononuclear cells but not with eosinophils or
neutrophils. Finally the decrease in LPR hista-
mine release after IT correlated with both the
decrease in mononuclear cells (R* = 0.817,
p = 0.002) and the decrease in neutrophils
(R* = 0.813, p = 0.002).

Biopsy

Seven of nine subjects agreed to undergo biop-
sies during the study. Table III shows changes in
cellular infiltration of lesions at 8 hours. All
biopsy specimens were examined in a blinded
fashion. No consistent changes in the cell density
or cellular composition were observed with IT.
Three of the seven subjects converted to predom-
inantly mononuclear cell infiltration with IT, but
two other subjects showed a predominantly mono-
nuclear cell infiltration before IT.

The biopsy specimens were also examined by
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TABLE Ill. Effect of IT on cutaneous LPR biopsy cellular infiltrate and MBP deposition

Total white blood
cells present (%)

Neutrophil Mononuclear Eosinophil Infiltrate density Change Change
in in
Subject Pre-IT Post-IT Pre-IT Post-IT Pre-IT Post-IT Pre-IT Post-IT cells MBP
1 33 30 33 40 33 30 +2to +3 +1to +2 Decrease None
3 1 20 98 50 1 30 +1 +2to +3 Increase Decrease
4 1 40 99 20 0 40 +1 +3 Increase Increase
5 20 1 50 99 30 0 +2—+3 +1 Decrease None
7 33 30 33 35 33 35 +2—+3 +3 None None
8 33 1 33 98 33 1 +2—+3  +1 Decrease Increase
9 60 10 20 60 20 30 +2—+3  +2 None Decrease

1+ to 4+ scale indicates overall cell density on a visual analog scale.

indirect immunofluorescence for the presence of
MBP in a blinded fashion (Table IIT). No consis-
tent changes in MBP staining were observed dur-
ing the course of the study.

No significant differences were found between
MC-allergic and HDM-allergic subjects for any of
the responses in skin chamber or biopsy studies.

DISCUSSION

Several studies have previously shown a de-
crease in the size of the cutancous LPR with IT.
In an early retrospective study Pienkowski et al.'
examined the effect of IT in a group of IT-treated
ragweed-allergic patients compared with an un-
treated group. In the untreated ragweed-allergic
patients a cutaneous LPR developed in 94%,
whereas only one third of the treated group dis-
played a cutaneous LPR. In their study the size of
the LPR correlated inversely with the serum level
of IgE antiragweed antibody. The first prospective
study examining the effect of IT on the cutaneous
LPR was by Fling et al.” in MC-allergic subjects
treated with IT and compared with a control
group treated with placebo. Suppression of the
cutaneous LPR in the IT-treated group was dem-
onstrated and correlated significantly with both
the cumulative dose of MC antigen received and
with MC-specific IgG,. A follow-up study of MC-
allergic subjects by Parker et al.> also confirmed
correlation of cutaneous LPR suppression with
postseasonal level of MC-specific 1gG, and IgG,
and with improvement of symptoms. There seems
to be a consensus that IT decreases the cutaneous
LPR more than the cutaneous early response, but
the mechanisms remain obscure.

The allergen-induced cutaneous LPR is charac-

terized by an influx of cells, including baso-
phils, eosinophils, mononuclear cells, and neutro-
phils."** The effect of IT on the cutaneous LPR
cellular influx has not been previously evaluated.
Therefore we used the skin blister chamber model
to examine prospectively the effect of IT on skin
chamber histamine and inflammatory cell influx in
addition to LPR skin test reactivity and LPR skin
biopsies.

Cutaneous LPR biopsies have been performed
by several investigators previously. Charlesworth
et al.* demonstrated an increase in basnphils,
eosinophils, and mononuclear cells in the skin
LPR after antigen challenge compared with non-
challenged control sites. Frew et al.'* showed
activated CD4* T lymphocytes and activated eo-
sinophils are present in cutaneous LPR biopsy
specimens, but cutaneous LPR diameter at 6
hours correlated best with the number of acti-
vated eosinophils rather than with the number of
infiltrating T cells.”” They also demonstrated in-
hibition of cutaneous LPR T-cell and eosinophil
infiltration with IT.'* Lower numbers of infiltrat-
ing CD4™" T cells were significantly correlated
with lower eosinophil counts after IT.

We were not able to demonstrate any consis-
tent quantitative changes in the number of inflam-
matory cells in biopsy specimens of the cutaneous
LPR. Because we performed biopsies at a single
point in time, it is possible that serial biopsies at
multiple time points of the late phase might
demonstrate a more obvious change. Despite the
lack of uniform histologic changes in the LPR
cellular infiltrate, all subjects demonstrated a
marked diminution in the size of their skin test
LPRs. Skin biopsy specimens of the LPR demon-
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strated no consistent change in differential cell
counts or density of cellular infiltrate, although
three subjects did convert to a predominantly
mononuclear cell infiltrate.

Cellular influx in LPR skin chambers demon-
strated a significant decrease with IT for neutro-
phils only, whereas monocytes did not decrease
significantly and eosinophils tended to increase at
3 months followed by a decline to less than the
pre-IT levels at 6 months. We found that IT
significantly decreased skin test reactivity to anti-
gen at hours 4 to 12 and early skin test reactivity
at 1 to 3 hours. The decrease in LPR skin test
reactivity was found to correlate significantly with
the decrease in early skin test reactivity. The
decrease in LPR skin test reactivity also corre-
lated significantly with percent decrease in mono-
nuclear cells, and the decrease in LPR histamine
production with IT correlated significantly with
both the decrease in mononuclear cells and the
decrease in neutrophils. Comparison of the cellu-
lar data for LPR skin biopsy versus LPR skin
chamber demonstrates differences. There is a
time lag between appearance of cells initially in
the dermis and their migration into the skin
chamber, as demonstrated in previous LPR biopsy
studies of Charleworth et al.* This is partly ex-
plained by the fact that the appearance of cells in
the dermis depends not only on chemotactic fac-
tors but also on cellular adhesion molecules on
endothelial cells (such as endothelial-leukocyte
adherence molecule-1'") and their respective
ligands on the infiltrating cells. Cells enter the
skin chambers more as a result of passive diffu-
sion and less as a result of interaction of cellular
adhesion molecules.

A recent study by Iliopoulos et al."® used the
nasal model to evaluate the effect of IT on nasal
early reactions and LPR. Twenty-one subjects
with allergic rhinitis to ragweed were treated with
active extract for 8 months and compared with 20
subjects treated with placebo, with the use of the
nasal challenge model. This study found no sig-
nificant differences in cellular influx into the nose
with antigen. Mononuclear cells tended to de-
crease but not significantly. A study by Furin et
al."” also used the nasal model to study a cohort of
ragweed-allergic subjects and found a significant
decrease in eosinophil influx, compared with un-
treated control subjects, only after 3 years of IT.
The effect of IT on late-phase cellular influx has
also been studied in the lung. Rak et al.”° dem-
onstrated that IT attenuated the seasonal rise in
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bronchoalveolar lavage fluid eosinophils and eosi-
nophil cationic protein in a group of patients with
birch pollen-allergic asthma treated with IT com-
pared with an untreated group. Our findings of
the effect of IT on the cutaneous LPR were
similar to those of both Iliopoulos et al.'* and
Furin et al.” for the nasal LPR. The lack of
significance for changes in cellular influx with IT,
other than for neutrophils, suggests that IT may
achieve clinical efficacy by mechanisms other than
simply modifying the number of inflammatory
cells infiltrating the dermis in the LPR.

Leiferman et al.*' have shown that by the third
hour after an intradermal antigen challenge there
was extensive deposition of MBP, which persisted
for up to 56 hours. Although MBP deposition was
found in all of our biopsy specimens, no consistent
changes were detected after IT. The MBP data
confirmed the routine hematoxylin-eosin histo-
logic cell counts, in which no consistent changes in
tissue eosinophil numbers were noted. Again,
these data suggest that factors that determine
LPR skin test reactivity are complex and not
solely dependent on the character of the cellular
infiltrate.

Several mediators have been demonstrated to
be released during the cutaneous LPR, including
histamine* and leukotriene C,* Additionally,
there are emerging data that several cytokines are
also released into skin chambers during the I.PR.
including interleukin (IL)-6,” IL-8,**and IL-1."7
In the nasal model, tosylarginine methyl ester
esterase activity and kinins have been found dur-
ing the LPR,* which may enhance vasopermeabil-
ity of serum-derived proinflammatory proteins.
With the nasal challenge model IT has been
shown to significantly decrease the release of
histamine and tosylarginine methyl ester esterase
activity,' ** % Kkinins,” and the production of
prostaglandin D, after allergen challenge. Wang
and Hsieh® found that IT decreased antigen-
stimulated histamine release in plasma and super-
natant from cell cultures of polymorphonuclear
and mononuclear cells in children with asthma
and also decreased cell culture supernatant leu-
kotriene C, while increasing supernatant prosta-
glandin E,.

Our study demonstrates a decrease in both
early (hours 1 to 3) and late (hours 4 to 6 and 10
to 12) histamine release after high-dose IT. Bru-
net et al.” demonstrated a decrease in spontane-
ous and allergen-induced production of histamine
releasing factor from mononuclear cells in IT-
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treated patients with allergic rhinitis. Liao and
Hsieh™ found similar results in IT-treated chil-
dren with asthma. Kuna et al.”" showed a decrease
in allergen-stimulated mononuclear cell histamine
releasing factor in a group of IT-treated adults
with asthma and further noted that only those
patients with clinical improvement also demon-
strated a decrease in spontaneous histamine re-
lease. A decrease in allergen-induced histamine
releasing factor production in patients treated
with IT is one possible explanation for the de-
crease in cutancous LPR histamine production
that we found. It is also possible that the decrease
in LPR histamine may simply represent an atten-
uation of the number of basophils present in the
late phase because we did not use specific stains
for basophils. However, because the amount of
histamine released from basophils and mast cells
can be influenced by many variables, including
histamine releasing factor*” and histamine release
inhibitory factor,® it is possible that the absolute
numbers of mast cells and basophils are less
important than the factors controlling histamine
release. The amount of skin chamber histamine
during hours 7 to 9 increased from the first to the
second study, then decreased back toward base-
line levels by the third study. This may indicate an
increase in histamine releasability for this time
period during the buildup phase of IT, with de-
crease in releasability with further IT.

Changes in serum antigen-specific IgE and IgG
with IT in our study were consistent with those
found by previous investigators. Van Metre et al.**
demonstrated an initial rise in ragweed-specific
serum IgE with IT, followed by a failure of the
customary rise during the allergic season. After 4
to 5 months of IT, 9 of 15 subjects demonstrated
a rise in antigen-specific IgE, and 6 of 15 a
decline, but all had an increase in allergen-specific
IgG. In our study antigen-specific IgE was de-
creased from baseline in only two of nine subjects
after 6 months, but antigen-specific IgG was in-
creased in eight of nine subjects and antigen-
specific IgG, increased in all five MC-allergic
subjects in whom it was tested. Our findings agree
with those of other investigators who have ob-
served that the efficacy of IT is not dependent
solely on a decrease in antigen-specific IgE.

In summary, our data confirm results of previ-
ous studies showing a decrease in size of the
cutaneous LPR. Skin chamber LPR cellular influx
decreased significantly only for neutrophils,
whereas cutaneous LPR biopsy specimens showed
no consistent changes for either the cellular infil-
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trate or the deposition of MBP. To our knowledge
this is the first time that IT has been shown to
significantly decrease both early and late hista-
mine release. This suggests that IT might be
exerting a downregulating effect on both the mast
cell (presumably the source for early histamine)
and the basophil, which may contribute to the late
histamine release. Kay et al.® in the United
Kingdom have shown a decrease in CD4+ T cells
and activated eosinophils after 8 months of IT.
These authors have hypothesized that IT may
suppress the function of Tu, helper cells and their
cytokine products rather than having a direct
quantitative effect on the nonlymphocytic inflam-
matory cells. Further studies are needed to exam-
ine the effect of IT on cellular activation, media-
tor release, and cytokine production.
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