Chemokines in seasonal allergic rhinitis

Piotr Kuna, Mark Lazarovich, and Allen P. Kaplan Srony Brook, N.Y.

Monocyte chemotactic and activating factor/monocyte chemoattractant protein-1 (MCAF/
MCP-1), RANTES, and macrophage inflammatory protein (MIP)-1o are chemokines known
to activate basophils (MCAF/RANTES) and eosinophils (RANTES/MIP-1c). IL-8 inhibits
MCAF-induced histamine release from basophils. We questioned whether a relationship exists
between the levels of these chemokines and various inflammatory mediators released from
mast cells, eosinophils, and basophils as assessed in nasal secretions obtained from patients
during the allergy season and out of season. Samples were assessed for MCAF/MCP-1,
RANTES, MIP-1c, IL-8, histamine, tryptase and eosinophil cationic protein (ECP) in three
subject groups: subjects with allergic rhinitis (n = 18), atopic subjects without rhinitis (n =
9), and healthy individuals (n = 6). Statistically significant differences were apparent only in
the subjects with symptoms as follows. MCAF/MCP-1 increased during the season from 336
*+ 47 pgiml to 829 = 137 pgiml (p < 0.001), whereas IL-8 decreased from a baseline of
1932 + 335 pg/mi to 1070 = 202 pgiml (p < 0.028). The ratio of IL-8 to MCAF/MCP-1
decreased during the symptomatic season from the baseline of 6.66 + 1.06 seen during winter
to 1.3 = 0.22 during ragweed season (p < 0.001). Histamine increased from 6.3 % 1.5 to 89
* 15.5 ng/ml (p < 0.001), ECP increased from 20.6 * 6.4 to 237.1 + 50.2 ngiml (p <
0.001), and tryptase increased from 2.34 * 0.6 to 9.7 = 2.3 U/ml (p < 0.001). Most samples

did not have detectable quantities of MIP-1a or RANTES. We also found a correlation
between the level of MCAF/MCP-1 and IL-8 and the level of histamine or IL-8 and ECP.
Our results suggest that the chemokines MCAF/MCP-1 and IL-8 may participate in the
pathogenesis of allergic rhinitis, contributing to the attraction of the proinflammatory cells and
mediator release, which might be very important during the late phase of the allergic reaction.
Furthermore, the ratio of certain chemokines, such as MCAFIMCP-1 and IL-8 may reflect
the magnitude of the reaction, as does the presence of histamine and ECP. (] ALLERGY CLIN

IMmMUNOL 1996;97:104-12.)
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Histamine releasing factors (HRFs) are defined
as cytokine-like molecules that induce basophil
and/or mast cell secretion of histamine in the
absence of a particular antigen or anti-IgE anti-
body. Much of the activity appears to be due to
type B chemokines (C-C family), which include
monocyte chemotactic and activating factor/mono-
cyte chemoattractant factor-1 (MCAF/MCP-1),%2
RANTES,># and human macrophage inflamma-
tory proteins (MIP)-1a and B.> ¢ Priming basophils
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with cither IL-3, IL-5, or granulocyte-macrophage
colony-stimulating factor augments secretion in
response to any of these chemokines. Group «
chemokines, such as connective tissue activating
peptide II/neutrophil activating peptide-2 (CTAP
III/NAP-2), are cither less potent as secretagogues
or dependent on prior cell priming for activity as
reported with IL-8.78 Preincubation of basophils
with various chemokines, IL-8 in particular, can
inhibit histamine release caused by p chemokines
and represents the activity termed histamine re-
lease inhibitory factor.> 10

The activity of HRF has been characterized
primarily by using basophils as the target cells;
studies of mast cells, particularly in human beings,
have been limited but suggest a lesser responsive-
ness to chemokines.> Both MCAF/MCP-1 and
RANTES have been shown to be chemotactic for
basophils, and RANTES is chemotactic for eosin-
ophils.% 1% 12 Infiltration with these cells is associ-
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ated with the late-phase allergic reaction and may
account, in part, for the protracted histamine
release seen, particularly in studies of allergic
rhinitis.3: 14

HRF has been shown to be present in nasal
washings of patients with allergic rhinitis,'> and the
quantity present, based on functional assessment,
appears to be diminished by treatment with either
topical corticosteroid'® or allergen-specific immu-
notherapy.!” However, there has been no assess-
ment of any of the identified molecular forms of
HRF in nasal washings. In this article we focus on
the group B chemokines, as well as 1L-8, and relate
their presence to the subjects’ atopic status, as well
as to secretion of mediators derived from ba-
sophils, mast cells, and eosinophils.

METHODS
Materials

Tissue culture flasks were purchased from Corning
Glass Works (Corning, N.Y.); MIP-1a and IL-§ ELISA
kits were from R&D Systems (Minneapolis, Minn.); and
Tryptase RIACT assay and eosinophil cationic protein
(ECP) radioimmunoassay were purchased from Kabi
Pharmacia Diagnostics (Piscataway, N.J.). Recombinant
human MCAF/MCP-1 (th-MCAF/MCP-1), rh IL-8, rh
RANTES, and rh MIP-1a were purchased from Pepro
Tech Inc. (Rocky Hill, N.J.); and purified goat anti-
mouse and rabbit anti-goat IgG conjugated to alkaline
phosphatase were purchased from Jackson Immuno-
research Laboratories, (West Grove, Pa.). Microtiter
plates (Immulon-2 and Immulon-4) were from Dynatech
Laboratories Inc. (Alexandria, Va.), and chloroform and
sodium hydroxide were obtained from Fisher Scientific
(Springfield, N.J.); Dulbecco’s phosphate-buffered sa-
line (PBS) without Ca* ™ and Mg™* ™, penicillin, strepto-
mycin, and RPMI-1640 weré from Gibco Lab." Life
Technologies, Inc. (Grand Island, N.Y.). Spectrapor
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dialysis tubing was obtained from Spectrum Medical
Industries (Los Angeles, Calif.); affinity-purified goat
anti-human IgE antibody was from Kirkegaard & Perry
Laboratories Inc. (Gaithersburg, Md.); tritiated hista-
mine and [**C]S-adenosyl methionine were from New
England Nuclear Corp. (Boston, Mass.); and scintilla-
tion fluid was from ICN Radiochemicals (Irvine, Calif.).
The following reagents were obtained from Sigma
Chemical. Co. (St. Louis, Mo.): ethylenediaminetet-
raacetic acid, sodium phosphate monobasic, sodium
chloride, piperazine-N, N’'-bis[2-ethanesulfonic acid],
human serum albumin, histamine hydrochloride, cal-
cium ionophore A 23187, cetyldimethylethyl-ammonium
bromide (CTAB), and phenylmethylsulfonyl fluoride
(PMSF).

Subjects

Subjects included 18 atopic individuals with seasonal
allergic rhinitis caused by ragweed pollen only, nine
subjects without allergic rhinitis but with positive skin
test responses to-one or more common allergens (20-
allergen panel; Greer Laboratories, Lenoir, N.C.) and
six. healthy, nonatopic individuals. The subjects with
positive skin test responses had no symptoms of asthma,
urticaria, or eczema but had positive skin test responses
to a variety of allergens (e.g., dust mite, Dermatopha-
goides pteronyssinus, cat) but not ragweed. Allergic thi-
nitis was defined by a positive seasonal history and a
positive skin test résponse (5 mm or greater wheal at 15
minutes) to ragweed (prick. test; 4000 PNU/ml; Greer
Laboratoties). All donors with allergic rhinitis réported
symptoms present during the allergy season for at least 3
years before the study. None of the atopic subjects Had
asthma, urticaria, or eczema nor did they ever undergo
immunotherapy; and none had any nasal. infection
within 1 month before the study. The nonatopic subjects
had no history of seasonal or perenuial rhinitis, asthma,
or urticaria and had negative prick skin test responses to
a panel of allergens. None of the subjects had received
any medication for at least 3 days before ‘the study.
Patients had been taking antihistamines, such as chlor-
pheniramine or brompheniramine, but not long-acting,
nonsedating ones. -Administration wag stopped 3 days
before the study. No patient had used systemic steroids,
and none had begun use of fopical cromolyn or steroids
when the season started, because the study was planned
prospectively. These drugs had been ‘used during the
prior season. Blood was drawn for determination of total
IgE.

Nasal washings collection

Subjects were asked to exhale forcefully through the
nose to clear excess mucus. Then, preservative-free PBS
(150 mmol/L. NaCl, 50 mmol/L NaH,P(Q,), prewarmed
to 37° C, was aerosolized into the nostrils sequentially
with a manually operated metered-dose pump, deliver-
ing 200 ! per activation. To collect the nasal washings,
the subject allowed the fluid to decant passively into a
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sterile plastic 50 ml tube submerged to the rim in
crushed ice, containing 5 mmol/L. ethylenediaminetet-
raacetic acid and 0.5 mmol/L PMSF to inactivate pro-
teolytic enzymes. The procedure was repeated, alternat-
ing nostrils, until a total of 3.0 ml of liquid was collected.
The individual variation in the recovered versus intro-
duced volume (the mean recovery of lavage fluid was
58% =+ 14%) prompted us to base our studies on
constant recovered volumes rather than volume intro-
duced. This method increases consistency of compari-
sons between individuals. The sample was centrifuged at
400 g for 10 minutes at 4° C. Next, three glass beads
(diameter, 2 mm) were added to the collected superna-
tant and vigorously vortexed for 10 minutes at maximal
velocity, 1800 to 2000 rpm/min, in order to disrupt
mucus clumps. The sample was then filtered through a
0.22 pm membrane, aliquoted in cryotubes, and stored
at —80° C.

Chemokine recovery

The percentage of cytokine recovery was evaluated
with two different approaches. First, we determined
cytokine recovery in our immunoassay by the addition of
a known amount of recombinant cytokine to the nasal
lavage fluid. Second, we determined cytokine recovery
from the nose. Six volunteers, including the authors,
participated in the experiment. Participants cleared their
noses of excess mucus, and 100 ul of a mixture of IL-8,
MCAF, MIP-1a, and RANTES at a concentration of 30
ng/ml each (prepared in PBS immediately before the
experiment) was subsequently introduced into one nos-
tril with an automatic pipette. An equivalent volume of
PBS alone was introduced into the second nostril. After
30 seconds, preservative-free PBS at 37° C was aerosol-
ized into the first nostril and allowed to decant passively
into a 50 ml plastic tube, containing 0.5 mmol/L. PMSF,
submerged to the rim in crushed ice until a volume of 1.5
ml was collected. Thereafter, identically prepared PBS
from a new pump was aerosolized into the second nostril
and allowed to decant into a second, iced, plastic 50 ml
tube with 0.5 mmol/L. PMSF to a volume of 1.5 ml. Both
samples were processed (as described above) and ali-
quoted into cryotubes and stored at —80 C. The recovery
of chemokines from the nasal fluid was in the range of
86% to 112%, (mean = SEM, 96.7% * 3.9%). The
recovery of chemokines from the nose was in the range
of 56% to 83% (mean = SEM, 68.8% =+ 3.8%).

Mediator assay

Histamine assay. The radioenzyme assay for histamine
was performed in duplicate for each serial dilution (1:1,
1:5, 1:10, 1:50, and 1:100) of nasal washing by using a
modification of the double radioenzymatic method of
Beaven et al.'® as described previously.®

Tryptase. Tryptase in the lavage fluid was analyzed
with a modified Pharmacia Tryptase RIACT assay with
two monoclonal antibodies for tryptase.'® In the RIACT,
50 pl of nasal lavage fluid, 50 pl of sample diluent, and
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50 pl of iodine 125-labeled anti-tryptase antibody were
simultaneously added to plastic tubes coated with anti-
tryptase antibody. After incubation overnight, the tubes
were washed three times and then counted in a gamma
counter.

ECP. The radioimmunoassay for ECP was performed
in duplicate for each serial dilution (1:1, 1:10, and 1:100)
of nasal washings. Nasal washes were mixed with 0.5%
CTAB in 0.15 mmol/L NaCl. Fifty microliters of nasal
fluid with CTAB was assayed for ECP with a commer-
cially available radioimmunoassay kit from Pharmacia,
according to the manufacturer’s directions.

IL-8 and MIP-1a ELISA. ELISAs of IL-8 and MIP-1«
were performed with specific ELISA kits. Study samples
and standard dilutions of a specific cytokine were as-
sayed separately in duplicate according to the manufac-
turer’s instructions. The color intensity of the ELISA
reaction was read at a wavelength of 450 nm with the
correction set to 570 nm by using a Thermo max
microplate autoreader (Molecular Devices Corp., Menlo
Park, Calif.). The average net optical density of the
standards was plotted, and the amount of a specific
cytokine in each sample was determined by interpolation
from the standard curve. Results were the means of
duplicate samples. None of the assay had demonstrated
any measurable cross-reactivity to other cytokines. The
sensitivity of the ELISA for MIP-1a was 2 pg/ml, and for
IL-8, 4.7 pg/ml.

Preparation of monoclonal anti-MCAF  antibodies.
BALB/c mice were immunized with purified human
recombinant MCAF/MCP-1. The presence of MCAF/
MCP-1-specific antibody in serum was determined by
indirect ELISA and Western blot. The lymphocytes were
fused with P3X63-Ag 8.653 mouse myeloma cell line
according to a standard fusion protocol. The initial clone
selection and subsequent subclone selection were done
on the basis of reaction with human recombinant
MCAF/MCP-1 as determined by ELISA and Western
blot. The subclone that yielded the strongest signal
termed (no. 40-2) was grown in 2 L of RPMI-1640
medium. Cells were removed, the supernatant was con-
centrated, and IgG was purified with a protein G Sepha-
rose HiTrap column (Pharmacia). A sodium dodecylsul-
fate—polyacrylamide gel electrophoresis was performed
to assess purity; more than 99% of the total protein
migrated as IgG. Antibody class and subclass were
determined by ELISA and shown to be IgG 2b kappa.
The antibodies were specific and did not react with
RANTES, HuMIP-1¢, and -B, HC-14, MCP-2, MCP-3,
1-309, IP-10, IL-8, CTAP III/NAP-2, and platelet factor
4.

Anti-MCAF antibody preparation. A polyclonal anti-
MCAF antibody was raised in a rabbit. Recombinant
human MCAF/MCP-1 (100 pg in 200 pl of PBS) was
diluted in 1.0 ml of 1:4 mixture of Freund’s complete and
incomplete adjuvant and injected at three sites: one
subcutaneous and two deep intramuscular. Booster in-
jections were given as described previously every 2
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weeks; however, the third and all subsequent injections
were given in incomplete adjuvant. After 3 months, the
rabbit was bled, and antiserum was collected and assayed
(ELISA) against purified recombinant human MCAF/
MCP-1, IL-8, RANTES, HuMIP-1a, HuMIP-18, I-309,
IP-10, CTAP 111, and platelet factor 4. The antiserum
was specific and reacted only with MCAF/MCP-1. The
antiserum and the preimmune rabbit serum were made
45% in ammonium sulfate and centnfuged at 10,000 g
for 15 minutes; the supernatant was discarded, and the
precipitate wag dissolved in PBS and dialyzed against
PBS. IgG was purified with a protein G Sepharose
HiTrap column. The purified protein migrated as IgG on
sodium dodecyisulfate~polyacrylamide gel electrophore-
sis.

Sandwich ELISA for MCAF/MCP-1 and RANTES.
ELISAs were performed according to standard proce-
dures with 96-well microtiter plates (Immulon-4). The
wells were coated with 5 pg/ml of the rabbit anti-MCAF/
MCP-] IgG in 100 pl of 0.05 mmol/L. NaHCO, buffer
(pH 9.6) for 24 hours at 4° C. The wells were washed,
and unbound sites were blocked by incubation for 60
minutes at 37°C with 1% nonfat milk in PBS. After
washing, triplicate samples. of 100 pl MCAF/MCP-1
standards or unknowns (riasal lavages) at dilutions of 1:1
and 1:10 in PBS containing 0.05% Tween were added
and incubated for 2 hours at 37° C, The plates were
washed again with PBS/Tween, filled with 100 pl/well of
anti:MCAF 40-2 monoclonal antibody at a concentra-
tion of 10 pg/ml, and incubated for 2 hours at 37° C. The
wells were washed, and goat anti-mouse IgG conjugated
to alkaline phosphatase, diluted 1:2000 in PBS/Tween,
was added and incubated: for 2 hours at 37° C. After
washing, 100 ul of p-nitrophenyl phosphate (1 mg/ml) in
10%: diethanolamine-HCL buffer (pH 9.6) was added to
the wells. The absorbance was read after 30 minutes at
405 nm: on a Thermo max microplate reader. RANTES
concentrations were measured by an analogous sand-
wich ELISA.? The assay uses two anti-RANTES mono-
clonal antibodies that recognize different, noncompeting
determinants. The specificity of the ELISA was tested
with other chemokines of the C-X-C -and C-C families,
none of which were shown to cross-react in the assay. All
experiments were repeated twice. Using this procedure,
we were able to quantitatively measure human MCAF/
MCP-1 and RANTES at concentrations of 100 pg/ml
and higher.

Total IgE measurements

Total IgE was determined in serum samples from each
individual donor with a commercially available: radioim-
munoassay kit from Pharmacia according to the manu-
facturer’s instructions.

Protein

Protein concentration was determined according to
the method of Bradford?! with human IgG as the reference
protein.
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Statistical analysis

Results are expressed as means = SEM. Paired data
were analyzed by Student’s paired ¢ test and the Mann-
Whitney U test. Unpaired data were analyzed by Stu-.
dent’s ¢ test. Spearman’s rank correlation was used to
evaluate relation between parameters studied with the
StatWorks computer program (Cricket Software, Phila-
delphia, Pa.).

RESULTS

The results of atopic, ragweed-sensitive subjects
compared with atopic subjects without symptoms
and nonatopic control subjects are shown in Fig, 1.
Total proteins in micrograms per milliliter were
measured in the subjects with symptoms and in-
creased from a mean of 583.7 = 106.2 to 1287.8 =
252 when the winter season was compared with
ragweed season. The comparable mean protein
values for the atopic subjects without symptoms
were 201.8 = 61.6 and 208.4 = 17.1, and thosc for
normal control subjects were 193.3 = 71,7 and
205.3 £ 77.2. Thus the baseline protein level was
increased in the symptomatic group, and it in-
creased further during ragweed season. No. such
change was seen in the other control subjects (Fig.
1, A). Histamine, ECP, and tryptase levels in-
creased only in the subjects with symptoms (Fig. 1,
B, C, and D) as follows. Histamine levels increased
from 6.3 = 1.5 to 89.1 = 15.5 ng/ml, ECP levels
increased from 20.6 * 6.4 to 237.1 +50.2 ng/ml,
and tryptase levels increased from 2.34 = 0.6 to 9.7
+ 2.3 U/ml; whereas no significant change was
observed in the other groups. The changes ob-
served in protein content or mediator levels in the
symptomatic group were significant when com-
pared with the baseline value obtained during
winter (protein, p < 0.01; histamine, p < 0.001;
ECP,p < 0 001; tryptase, p < 0.001). The data are
similarly significant when the levels of patients with
symptoms during the late summer are compared
with levels of either of the other two groups during
the ragweed season.

We next assessed the levels of MCAF/MCP-1,
RANTES, MIP-1a, and IL-8 in nasal washings of
the same subjects. As shown in Fig. 1, E, there is a
marked increase in MCAF/MCP-1 from 336 * 47
to 829 + 137 pg/ml (p < 0.001) in the patients with
symptoms during their allergy season. We thought
it would 'be interesting to separate our normal
control subjects (who have not only no ragweed-
induced hay fever but no allergic symptoms what-
soever) into those who did and those who did not
have a positive skin test result, assuming that these
might indicate an atopic background, which mlght
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FIG. 1. Seasonal comparison of total protein (A); histamine (B);, ECP (CJ; tryptase (D); MCP-1 (E),
and IL-8 (F) levels between ragweed-sensitive subjects (n = 18) and control subjects {n = 15).
The latter group consists of nine atopic subjects without symptoms and six nonatopic subjects.

some day be evident clinically. Values among the
healthy subjects (negative skin test results) varied
from 135 = 46 pg/ml in winter to 219 = 76 pg/ml in
summer, and values in the group with positive skin
test results and no symptoms ranged from 270 =+
13 to 258 = 17 pg/ml in summer. Combined they
are 216 * 24 pg/ml in winter and 243 * 31 pg/ml
in summer. No statistically significant difference is

seen (Mann-Whitney U test or Student’s paired ¢
test) in both groups between winter and summer.
Thus MCAF/MCP-1 behaved in a fashion similar
to the products of mast cells (or basophils) or
eosinophils. On the other hand, IL-8 decreased in
atopic subjects with symptoms during the season
from a baseline of 1932.1 + 334.8 pg/ml to 1070 =
202 pg/ml (p < 0.028). Although a decrease is seen,
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the baseline IL-8 level is greater than that of
MCAF/MCP-1, and values are similar in magni-
tude during the symptomatic period. No significant
change in IL-8 level is seen in the other groups,
although- the baseline mean level was lower at
5343 * 333.8 pg/ml for atopic subjects without
symptoms and 336.7 * 200.6 pg/ml for healthy
donors with a broader range of variability (Fig. 1,
F).

Most samples did not have detectable quantities
of MIP-1a or RANTES. Of the 33 subjects tested,
only six had detectable MIP-1a levels. Four were
in the symptomatic group, and the level of MIP-1a
varied from 57 = 10 pg/ml in winter to 62 = 11
pg/ml in summer. Two were in the asymptomatic
atopic group, and the concentration of MIP-la
varied from 48 = 9 pg/ml in winter to 53 = 10
pg/ml in summer. Seven subjects had detectable
RANTES levels. Five were in the symptomatic
group; and the level of RANTES, detectable only
during the ragweed season, was 204 + 37 pg/ml
Two were in the asymptomatic atopic group, and
the mean concentration of RANTES was 147 = 12
pg/ml

We also examined the data for correlations
between the levels of histamine, tryptase, ECP,
and protein for the atopic subjects with symptoms.
As shown in Fig. 2, there is a correlation of
histamine and ECP levels for atopic subjects
with symptoms during the summer (r = 0.59, p <
0.01). There was no correlation between histamine
levels and either protein (r = —0.14) or tryptase
levels (r = 0.37), although. the trend was an in-
crease in each of them during the symptomatic
season. The level of MCAF/MCP-1 did not corre-
late with values for histamine, protein, or tryptase;
whereas corrélation was seen between 1L-8 and
ECP (r = 0.7, p < 0.001), but only during the off
season. There was no correlation of IL-8 levels and
histamine, protein, tryptase, or ECP during the
ragweed season. The changes in MCAF and IL-8
observed when compared in the winter (symptom-
free period) to the summer (ragweed season) were
negatively correlated because the mean levels of
MCAF rose, and the mean TL.-8 level diminished.
Thus the ratio of the IL-§ level to the MCAF/
MCP-1 level decreased during the season from a
baseline of 6.66 = 1.06 to 1.3 = 0.22 (p < 0.001).
Symptom scores are not given; however, the sub-
jects with rhinitis all had many symptoms includ-
ing sneezing, rhinorrhea, and congestion that
correlated with the timing of the ragweed season,
wheteas control subjects were totally free of symp-
toms.
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DISCUSSION

Chemokines such as MCAF/MCP-1, RANTES,
and MIP-1a/B are known to activate basophils and
eosinophils and are responsible in large part for
“HRF” activity.® They are also potent chemotactic
factors for basophils and eosinophils, as well.as
mononuclear cells, and may therefore contribute
to the cellular infiltrate that characterizes the
allergic late-phase reaction.???% Recently de-
scribed, MCP-2 is a weak basophil agonist, where-
as MCP-3 is a potent basophil activator and acts on
eosinophils also; these were not examined in this
study, and monospecific antisera are not'yet avail-
able.?”- 2 However, our anti-MCP-1 antibody does
not recognize either,

One model used to study the allergic late-phase
reaction in the nose i antigen challenge adminis-
tered after a standardized protocol of nasal wash-
ing and vasoconstriction.>> 30 Postchallenge nasal
washés can then be assayed for a variety of medi-
ators of allergy symptoms. For example, histamine,
prostaglandin D, leukotriene C,, platelet activat-
ing factor, and kinin-generating engzyrmes {toluene-
sulfony! arginine methyl ester esterase) can be
detected during the immediate reaction, and a
similar array of substances, except for prostag-
landin D, are seen during the late phase.*® Hista-
mine has been particularly difficult to measure,
with results ranging from an inability to detect it to
specific release as a result of antigen challenge.?® 31
This same model can be used to study other
substances, such- as cytokines, cheémokines, and
basic proteins secreted by eosinophils.3> 73 In this
study, we have sampled nasal secietions during the
ragweed season and during a controlled;: asymp-
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tomatic period rather than by an antigen challenge,
hoping to more closely approximate the natural
condition. We also chose not to wash out the nose
in any preliminary fashion but to monitor the
initial washing during the season versus out of
season, even though the timing of the secretion
obtained cannot be inferred.

One of the surprising results was the ready
determination of histamine levels, which were con-
siderably higher during the ragweed season than
during the control period or when assessed in
nonatopic subjects. We therefore believe that this
is a valid assessment of allergy mediators, which
may in fact more closely relate to the pathogenesis
of the disease than do in vivo antigen challenge
protocols. ECP and tryptase levels were similarly
increased in the subjects with symptoms and hista-
mine and ECP levels were correlated in this group.
Our results also focused on the chemokines
MCAF/MCP-1, RANTES, and IL-8 because these
are believed to modulate the presence and activa-
tion state of basophils and eosinophils.** MCAF/
MCP-1 was clearly elevated in allergic subjects,
whereas IL-8 levels, although high in all groups,
diminished during the allergy season. Thus the
ratio of MCAF/MCP-1 to IL-8 rose during the
ragweed season. The ratio of C-X-C cheniokines to
C-C chemokines may be critical to the pathogen-
esis of a wide variety of allergic or rheumatoid
diseases. Because MCAF/MCP-1 is the most po-
tent and plentiful form of HRF and IL-8 inhibits
histamine release, the increase in MCAF/MCP-1
and simultaneous decrease in IL-8 level may lead
to basophil recruitment and activation during the
allergy season and account for the protracted
histamine release seen during studies of the late-
phase reaction.> This observation is also consis-
tent with recent data indicating reciprocal control
of C-X-C and C-C chemokines at the messenger
RNA level on stimulation with IL-4 or interfer-
on-y, which are regulatory cytokines of allergic
reactions.? Interaction of various chemokines with
receptors on inflammatory cells is, however, very
complex. Recently, we have reported the phenom-
enoh of receptor class desensitization on human
basophils for C-X-C and C-C chemokines, showing
that low conhcentrations of various chemokines
desensitized basophils to subsequent challenge
with an optimal cencentration of MCAF/MCP-1.%7

In most of the subjects studied, we were unable
to quantitate RANTES and MIP-1a values because
the levels were too low and we could therefore not
infer their relationship to eosinophil chemotaxis and
activation. However, the close association of ECP
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levels with histamine levels implies the presence of
eosinophils along with basophils.

MCAF/MCP-1 and 1L-8 have been examined in
other inflammatory conditions. For example, IL-8
levels are elevated in empyema and parapneumo-
nic pleural effusions and correlate with neutrophil
counts, but IL-8 is undetectable in pleural fluid
transudates.® On the other hand, malignant pleu-
ral fluid had particularly high levels of MCAE/
MCP-1, which correlated with the presence of
monocytes; basophils were not examined.*® Studies
of nasal fluid or nasal washings of allergic subjects
have examined HRF activity as assessed by baso-
phil histamine release and have determined the
effect of corticosteroid therapy on HRF levels.
However, the specific constituents of HRF have
not been examined. The results indicate that HRF
activity of allergic and nonallergic subjects varied,
depending on the atopic status of donor basophils,
and that background histamine release present in
all nasal washings, whether donors are atopic or
not, is dependent on membrane-bound IgE.*s
Clearly, quantitation of particular substances is
necessary to interpret the data. Other cytokines
have been quantitated in the allergic late-phase
response in the nose and are clearly elevated.
These include IL-18, IL-5, IL-6, and granulocyte-
macrophage colony-stimulating factor.® Although
we did not examine IL-5 titers, it is interesting that
Kimmitt et al®® recently demonstrated that the
level of IL-5 varies with asthma symptomnis but not
with a skin test, which is similar to our observation
regarding MCP-1 level. Basophil and eosinophil
influx into the nose has been demonstrated after
antigen challenge, their presence is inhibited by
topical. corticosteroid treatment,’>4° and functional
HREF activity is significantly diminished.'¢ Thus inhi-
bition of leukocyte-endothelial cell interactions con-
comitant with cell migration (chemotaxis) is inferred.
Our observations suggest that the chemokine con-
centrations in the nose during a symptomatic period
relate to basophil influx and the protracted release of
histamine seen during late-phase reactions.*!> 4
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