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Although the prevalence of IgE-mediated latex allergy has in-
creased over the past decade, the circumstances which culminate in
sensitization remain uncertain. The objective of these studies was to
evaluate the role which sensitization route plays in the development
of latex allergy using murine models representative of potential ex-
posure routes by which health care workers (topical and respiratory)
and spina bifida patients (subcutaneous) may be sensitized. BALB/c
mice administered latex proteins by the subcutaneous, topical, intra-
nasal, or intratracheal routes exhibited dose-responsive elevations in
total IgE. In vitro splenocyte stimulation initially demonstrated spec-
ificity of the murine immune response to latex proteins. Subsequently,
immunoblot analysis was used to compare latex-specific IgE produc-
tion amongst sensitization routes. Immunoblots of IgE from subcu-
taneously sensitized mice demonstrated recognition of latex proteins
with molecular weights near 14 kDa and 27 kDa. These protein sizes
are consistent with the molecular weights of major latex allergens
(Hev b 1 and Hev b 3), to which high percentages of spina bifida
patients develop antibodies. Mice sensitized by intratracheal or topi-
cal administration exhibited combined IgE recognition of latex pro-
teins near 14 kDa, 35 kDa, and 92 kDa. These molecular weights are
similar to other latex allergens (Hev b 6, Hev b 2, and Hev b 4)
commonly recognized by IgE of health care workers. Mice sensitized
to latex proteins by topical, intranasal, or intratracheal exposures
exhibited bronchoconstriction as evaluated by whole body plethys-
mography following respiratory challenge with latex proteins. Sub-
cutaneously sensitized mice were unresponsive. These differences in
latex-specific IgE immunoblot profiles and altered pulmonary func-
tion amongst the four different sensitization routes suggest that ex-
posure routes leading to sensitization may play a role in determining
the primary allergen(s), and the clinical manifestation of the allergic
responses.

Key Words: mouse; latex; allergy; IgE; topical; respiratory;
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Allergic responses to NRL products include contact dermatitis,
asthmatic bronchospasms, and life-threatening anaphylactic
shock (Slater, 1994; Landwebt al, 1996). Greater than 80%

of the allergic responses to NRL products are due to delayed
type hypersensitivity (DTH) directed toward chemical process-
ing aids used during product manufacture (Conde-Salatzar
al., 1993; Coheret al,, 1998). IgE-mediated reactions to latex
are potentially more severe and have been shown to be directed
towards residual NRL proteins, which remain on products
following the manufacturing process. To date, eight NRL pro-
teins Hev b1-10) have been classified as major latex allergens
by the International Union of Immunological Societies. Both
the biology of NRL and the manufacture of NRL products have
been described in numerous publications (Letyal, 1992;
Landwehret al, 1996; Warshaw, 1998).

While the majority of the literature supports a latex allergy
prevalence of less than 2% in the general public (Turjanmaa,
1987; Moneret-Vautriret al, 1993; Bernardiniet al., 1997;
Cremeret al,, 1998; Lisset al, 1999), increased risk has been
associated with several occupations and medical conditions.
Numerous reports have suggested that between 8-17% of
healthcare workers (HCWe.g, physicians, nurses, dentists)
may be allergic to NRL (Hamiltort al., 1994; Yassiret al,
1994; Sussmaat al,, 1995; Sussmaet al,, 1997; Tarloet al,
1997). Persons employed in the manufacture of latex products
have also been linked with a heightened prevalence (11%) of
occupational allergies toward NRL (Tarkt al, 1990). Fur-
thermore, young patients with disorders which require repeated
surgical procedures have been associated with an increased risk
of latex allergy. While HCW are primarily exposed to latex
proteins dermally and by inhalation, surgical patients are ad-
ditionally exposed subcutaneously. For example, up to 70% of
spina bifida (SB) patients have been diagnosed with IgE-

~ Natural rubber latex (NRL) allergy has become recognizeflediated latex allergy (Kellgt al, 1994; Nietoet al, 1996;
internationally as a major health concern over the past decadgemeret al, 1998), and a positive correlation between the

number of surgical procedures and latex allergy prevalence

These studies were funded by the National Institute for Occupational Safg¥s heen demonstrated within these patient populations (Chen

and Health and the National Toxicology Program under Interagency Agree

ment No. YO2ES10189.

et al, 1997; Porriet al, 1997).
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products were reported as early as 1927 (Stern, 1927). Imple- 207 Sl g
mentqtlon of “Unlversgl Rrecautlons” in the late 1980’s corre- 78 Sf-i

late with the sudden rise in latex allergy prevalence. Although 2

the prevalence of latex allergy has increased, the primary 47

route(s) of sensitization, and the complete spectrum of latex
proteins which result in allergic responses remains unclear. 34 -
Immunological assays have provided evidence that HCW dem- 28 -

onstrate higher recognition for water soluble latex proteins

while SB patients exhibit increased recognition of rubber- .
associated proteins (Alenigs al,, 1993; Hamiltoret al., 1996; 20 =

Reunalaet al, 1996; Yeanget al, 1996; Posclet al, 1998).

Latex proteins can aerosolize (Swansiral, 1994) or pene-

trate the skin (Hayeet al, 1999) and potentially sensitize 7 “

HCW, while physiological fluids from surgical patients who

come in contact with NRL products may elute additional latex MWM  NAL
proteins allowing for exposure to a unique set of proteins. TherFIG. 1. 10% SDS-PAGE separation of NAL proteins (Coomassie stain).
objective of these studies was to evaluate the role whidfwM = molecular weight marker; molecular weights are reported in kDa.
sensitization route plays in the development of latex allergy

using murine models representative of potential exposure

routes by which health care workers (topical and respiratorigjections. Vehicle-treated mice received glycerol buffer alone. Doses ranged from

and spina bifida patients (subcutaneous) may be sensitizecP. ng—700ug NAL protein per injection. Mice were exposed weekly for approx-
imately 3 months in order to characterize the dose-response and time-course of IgE

production. Subsequent studies, conducted by other routes of exposure, were
MATERIALS AND METHODS concluded once serum total IgE levels appeared to plateau.

Topical exposures. NAL dosing solutions were prepared in Goodyear
preservative and then diluted 1:1 in acetone for all topical studies. A 15-20%

Female BALB/c mice were purchased from Harlan Sprague Dawley, In@radient SDS-PAGE gel suggested that the NAL protein profile was unaf-
(Indianapolis, IN). Mice were 6—8 weeks of age upon arrival and wef&cted by acetone (data not .shown). Each mouse was anesthetized (methoxy-
quarantined for at least one week prior to use. Mice were maintained unélefane; Schering-Plough Animal Health Corporation, Omaha, NE) and dorsal
conditions specified within th&uide for the Care and Use of Laboratory thorax or lumbar regions were clipped once per week (Mondays). The clipped
Animals(NIH, 1996). Nitrile or vinyl gloves were worn while handing mice. Surface was treated with Néihair removal lotion for up to 1 min and the back
Mice were weighed and assigned into homogeneous weight groups)nAll ~ Was Wa_shgd With warm _ther a_nd dried. The exposure si_te was abraded via
mice were provided tap water and Agway Prolab Animal Diet (5% #at) (&P Stripping with 10 stripping discs (D-Squarth&ripping Discs, 14 mm or

libitum. Animal rooms were maintained between 18—-26°C and 40-70% ref2@ MM, Cuderm Corp., Dallas, TX). As demonstrated by histology, the stratum
tive humidity with light/dark cycles at 12-h intervals. corneum of a mouse is largely removed following tape stripping with 10 discs

(data not shown). Mice were dosed 5 days/week withubBontaining 0—-150
ng NAL; all topical exposures were non-occluded.

As non-occluded, topically exposed mice were group housed (5/cage), the
Latex proteins were prepared from raw non-ammoniated latex (NALpossibility of animals receiving an oral exposure following topical application

kindly provided by Dr. Che Hasma Hashim of the Rubber Research Institui® NAL existed. An experiment was therefore conducted to address the
of Malaysia (RRIM). Raw latex was tapped from a rubber tree and immedietential for IgE production due to oral exposure following topical applica-
ately diluted 1:2 with a Goodyear Preservative (50% glycerol/67 mMons. Mice were administered 10l of NAL solution 5 days per week by
NaHCG/2 mM L-cysteine buffer). Upon receipt, the latex/glycerol solutiorplacing doses on the tongue using a 20Gilson pipetman. Mice fed three
was centrifuged for 40 min @ 14,48@ to separate the rubber fraction fromdifferent concentrations (1.2 ng, 78 ng, andu&f) of NAL did not demonstrate
the aqueous protein phase. Collection of the aqueous layer underneathelbgations in total IgE by day 79 (data not shown).

rupber fraction was accomplished using an ,18 gaugtf: needle and a 10-Granasal exposures. Unanesthetized, BALB/c mice were instilled intra-
syringe. The aqueous fraction was then centrifuged twice more at 40005541y (i n.) with NAL proteins (0-5@.g) diluted in glycerol buffer and PBS.

for1 h per_spin. The final proteinoextract was filFered through a 0.45 micrqflice were administered 5d/nostril for 5 days per week over 72 days.
bottle top filter and'stored at —80 C.'Total protein concgntrauon c.>f' the NAlehicle-treated mice received glycerol buffer diluted in PBS.

extract was determined to be approximately 7 mg/ml using a modified Lowry . o

Assay (ASTM, 1998; Standard D5712-95). Figure 1 shows the protein proﬁlelr?tratracheal exposures. Intratracheal (i.t.) asplra_nons were performed
of the NAL extract following centrifugation and filtration. This protein extracSimilar to that described by Keane-Myestsal. (1998). Mice were anesthetized

was utilized for all sensitization and challenge exposures, with the exception@ Methoxyflurane inhalation and restrained in a vertical position on a plexi-
respiratory challenges performed for plethysmography evaluations. glass stand by the upper and lower teeth. The tongue was withdrawn using
padded forceps, and 5@ of NAL/glycerol buffer/PBS dosing solution was

pipetted into the back of the oral cavity. The tongue was held, to prevent

swallowing, until the dose was aspirated from the oro-pharyngeal cavity.
Subcutaneous exposures.BALB/c mice were injected once per week sub-Vehicle groups received glycerol buffer diluted in PBS. Mice were dosed every

cutaneously (s.c.) in the dorsal thorax region between the shoulders witl 106" day for 4 weeks with NAL doses ranging from 0—f@.

NAL protein diluted in Goodyear preservative (glycerol buffer). One-cc tuberculin I.t. and i.n. aspirations of 0.5% Evans blue were used to demonstrate the

syringes with latex-free plungers fitted with 25 gauge needles were used fordditribution of test article in the respiratory tract. Within 10 min following i.t.

Animals

Latex Test Materials

NAL Protein Exposures
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aspiration of 50ul, blue dye was visible in the trachea and the right and lefor ovalbumin-inhibited allergen strips were compared to sample diluent treated
lungs, including the cranial, medial, and caudal lobes of the right lung. Evasisips to determine percent reduction in band intensities.

blue was also observed in the bronchi of the accessory lobe of the right lung.

Conversely, i.n. instillation with 1Qul of Evans blue dye demonstrated nowhole Body Plethysmography

signs of lower respiratory tract exposure. Blue dye, however. was visible in the
stomach of animals within 10 min of i.n. instillation. To determine pulmonary reactivity, enhanced pause (PENH), an indicator of

bronchoconstriction (Drazeet al. 1999), was evaluated in fves, vehicle, and
latex- sensitized mice using whole body plethysmography following respira-
tory challenge with NAL protein (30Qug). Glycerol-free, lyophilized NAL

Prior to and following NAL protein exposures, mice were tail-bled weeklprotein was kindly provided by Dr. Donald Beezhold of the Guthrie Research
or biweekly and total IgE serum levels were measured as described by Marlggtitute (Sayre, PA) and was reconstituted in PBS (pH 7.2) for use as the
and Meade (1999). Serum samples were serially diluted and then addedegpiratory challenge solution. Prior to i.t. challenge, sensitized mice were
96-well flat bottom microtiter plates (Immulon-2), which had been coateplaced into plethysmograph chambers (Buxco Electronics, Sharon, CT) and
overnight with the rat anti-mouse IgE monoclonal antibody. Bound mouse Igonitored for five min to determine baseline PENH values. Mice were then
was quantified using a two step addition of a biotin conjugated rat anti-mouggesthetized (methoxyflurane) and challenged by i.t. aspiration, as described
IgE, followed by strepavidin-alkaline phosphatase (Sigma Chemical). P-nitiereviously. Immediately following aspiration of NAL into the trachea, mice
phenyl phosphate tablets diluted in substrate buffer were added and plgse placed into plethysmograph chambers and monitored for 25 min. The
absorbency was determined within 30 min at 405 nm. IgE concentrations fogan enhanced pause was reported over a period of 20 breaths and was
each serum sample were interpolated from a standard curve using a multipéaieulated for each breath as follows:
analysis. Monoclonal antibodies used during the ELISA were previously
characterized by Keegaet al. (1991) and Liuet al. (1980), and were purified expiratory time peak expiratory flo
from hybridomas kindly provided by Dr. Daniel Conrad (Virginia Common- PENH= ( relaxation ime ) (peak inspiratory flo\\,/\)
wealth University, Richmond, VA).

Total IgE ELISA

_ ) ) PENH values for individual mice were averaged for each minute over 25 min
In vitro Splenocyte Proliferation Assay and recorded. The percent increase over baseline was subsequently calculated and
In light of the fact that the total IgE response is not indicative of a speciff?:loned versus time for each mouse. The area under the curve for percent increase

immune response, splenocyte proliferation was evaluated followingtro was determined for individual mice using Graph Pad Prism, version 2.01 (San

challenge with NAL to demonstrate antigen specificity. Spleens from IateQ—'ego’ CA). Group means and standard errors were calculated.
exposed mice were collected aseptically and placed in sterile Hank’s Balanced

Salt Solution (pH 7.2; 15 mM HEPES). Single cell suspensions were prepargi@tistics

using frosted microscope slides and splenocyte counts were determined usi
a Z2 CoulteP Counter. Splenocytes ¥10°) from latex-treated and control
mice were incubated with either RPMI media or increasing concentrations
latex proteins (0.1 — 2@.g/ml) in RPMI at 37C and 6% CQfor 72 h. RPMI

"Satistics were conducted using Graph Pad Prism, version 2.01. Total serum IgE
Ie¥els,in vitro splenocyte proliferation, and PENH data from vehicle and NAL
&otein exposed mice were analyzed by one-way ANOVA. When significant

) ) ) ) differences were detected £ 0.05), test groups were compared to the controls

0, -

media contained 15 mM HEPES, 0.225% Sodium Bicarbonate, 2 mM GIHsing a Dunnett’s test. PENH data were also evaluated using the Prism software’s

. i 0,

gaom'r,:;’zllslo U/mi P?; G, Ia nd 1QL%/(;nI dS_tretptornyiln_Sulfsti. 102 FBS andf_inear Trend Test. Correlation between total IgE and PENH responses were
pM e-Viercaptoethanol were added just prior to incubation. Loncanavai, ie using a two-tailed, Pearson’s correlation calculation. Unpaired t-tests

A (1 pg/ml) and LPS (10pg/ml) were added to control wells as positive

) ) N were used to perform pair-wise comparisons of PENH data between NAL-
control mitogens to assure splenocyte responsiveness. Twentf “H-

challenged and PBS-challenged mice, between NAL-sensitized and vehicle con-
thymidine (5.Ci/mM) diluted 1:20 in RPMI media were added 18 h prior to 9 g

cell harvesting. Cells were harvested onto filter pabisthymidine uptake by trol groups, and between naive mice and veficle control groups.
splenocytes was determined via beta liquid scintillation counting and served as

an indicator of splenocyte proliferation and a measure of specific allergen RESULTS

stimulation.

Total IgE Response

‘ ‘ Female BALB/c mice injected s.c. with 12/4-700 ug of
Pooled sera from vehicle- or NAL (50g)-exposed mice were evaluated fory a | protein exhibited statistically significant elevations in

latex-specific IgE using AlaBLOT™ latex-specific allergen strips (OPKbs . .
Angeles, CA). Sera from NAL exposed mice were diluted between 1:2—1'[8'[6lI I9E by day 16 (Flg' ZA)' IgE increases were dose respon-

with AlaBLOT™ sample diluent to normalize total IgE contentl,500 ng), SIV€ and peaked near 30,000”.9(m| b_y day 86 (Fig. 2B). IgE
then incubated with latex allergen strips (nitrocellulose) for two h at roogerum levels following s.c. administrations of 49 ng NAL were
temperature. Sera from vehicle-treated mice were diluted 1:2 with samggmilar to those of vehicle-exposed mice, while s.c. injections

diluent prior to incubation with allergen strips. Bound murine IgE was SUbSWith only 0.19 ug resulted in a 10-fold increase in total IgE
quently identified by the step-wise addition of rat anti-mouse IgE-HRP (South- ’

ern Biotech, Birmingham, AL), diluted 1:500 for one h, followed by S0®f prpductlon, a level which was not statistically significant
BCIP/NBT substrate solution (AlaBLOT™ Universal Kit substrate) for up tdFig. 2B).

15 min. To further demonstrate specificity of the IgE produced by mice Topical applications of 15Q.g of NAL to tape stripped mice
exposed to latex proteins, sera inhibition with NAL and ovalbumin wafpr two weeks resulted in significant increases in total IgE by
performed prior to immunoblot analysis. Test sera (280were incubated day 16. While 5Qug topical exposures elicited IgE production

with an equal volume of NAL (1 mg), ovalbumin (1 mg), or AlaBLOT™ . . . .
sample diluent for 2 h at 37°C prior to addition to latex allergen strips, AQ abraded mice after week 3, non-tape strlpped mice showed

described above. Normalized band intensities were determined on scanigdincrease in total IgE through day 23 (Fig. 3). By day 53, IgE
images of immunoblot strips using Gel Expert 97 (version 2.0). Latex protei@vels peaked near 10,000 ng/ml, and elevations in total IgE

Immunoblot Analysis (AlaBLOT™)
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2000 In vitro Splenocyte Proliferation
- A. Day 16 Splenocytes from mice sensitized with NAL demonstrated
T 1500 *x 2o dose-responsive proliferation followirig vitro challenge with
EJ I = latex proteins. Figure 5 shows a representative dose response
; 1000 . following challenge of splenocytes from animals sensitized s.c.
oo T with 6.25 ug NAL. While in vitro stimulation of murine
= splenocytes with vehicle resulted in approximately 1,000
2 500 c.p.m./2Xx 10° spleen cells, splenocytes challenged with 10 or
20 ng/ml NAL exhibited greater than 6,000 c.p.m.X 10°
0 |""‘| ™ |l| |I] lsplenzc;yteg Splieﬁozcgtes/fr|c>r|r\1]A\I/_ehicrI1¢l:—)¢xpéosedl.fmicg chal-
S © & engedin vitro wit pg/m exhibited proliferative
A‘bw@ ¥ °"\% ">'¢ 07 DS responses that were not different than RPMI challenged con-
trols. Splenocytes challengéul vitro with Concanavalin A (1
subcutaneous dose (g NAL) rg/ml) or LPS (10ug/ml) demonstrated splenocyte prolifera-
tion within historical positive values for this assay.
Immunoblot Analysis
Sera collected from mice sensitized with 5@ NAL by
40000 s each of the four exposure routes demonstrated IgE specific for
B. Day 86 T owe X latex proteins on AlaBLOT™ latex-specific allergen strips
@ 30000 sk g (Fig. 6). Conversely, sera from vehicle-treated mice demon-
Eo o strated faint recognition of latex proteins between 35—40 kDa.
g Simultaneous comparison of immunoblots from each exposure
= 20000 . ) e )
o0 route demonstrated some differences in specific IgE profiles.
= Sera from mice sensitized s.c. with NAL demonstrated IgE
S 10000 | recognition of latex proteins with molecular weights near 14
kDa (consistent wittHev b1, Hev b6.03, andHev b8), 24-27
0 — [=| |;| 1 | kDa (similar to molecular weight ofHev b 3), as well as
S w@ Q,.\% A’_g; \"? RO protems with molecular weights ranging from 35—70 k_Da,
& including one near 48 kDaHev b7 = 46 kDa). Mice sensi-
subcutaneous dose (ug NAL)
FIG. 2. Total IgE response following s.c. exposure to NAL proteins. 4000_
BALB/c mice (n = 5) were i_njected Wegkly with latex protein; sera were Dav 16 * %
prepared and IgE concentrations determined via ELISA. Bars represent group ay —
meanst standard error on days 16 (A) and 86 (B). Asterisks indicate statistic&s" Day 23
differences from vehicle-exposed mice atp0.05 (*) or p=< 0.01 (**) using % 3000
a Dunnett's test. = %% ‘31
Newer’
o - .= 20004 piy
were observed in mice administered only 12& NAL topi- 08

cally. Any difference in total IgE concentrations betweerg
abraded and non-tape stripped mice was negligible by day 5§; 1000_
both groups exhibited equivalent IgE levels (59861517

ng/ml vs. 5856+ 3243 ng/ml).

I.n.-exposed mice did not demonstrate a statistical increase 0
in total IgE until day 40, following 5Qug instillation (Fig. 4A). VH 313 625 125 25 50 150 S0
. . . . (intact)
No appreciable elevations in total IgE were noted in any other topical dose (ug NAL)

dose group through day 72.

Following i.t. aspirations of NAL protein, total IgE levels FIG. 3. Murine total IgE response following latex protein application to
were increased in the 129 and 50ug dose groups by day abraded and non-tape stripped skin. BALB/c mice %n5) had the hair
23, although only 5Qug exposures resulted in statistical Sig[emoved from the back and were tape stripped weekly. NAL diluted in acetone

. . . . . ~“was applied to the back 5 days/week. Sera were prepared and total IgE
nificant elevations in IgE (Flg. 4B)' No other group of mlc%oncentrations were determined via ELISA. Bars represent group means

demonStrated a ri_se ir‘ serum 'IgE ?Omparable to vehicle-@xandard error on days 16 and 23. Double asterisks (**) indicate statistical
posed mice following i.t. administration of NAL. differences from vehicle-exposed mice atp0.01, using a Dunnett’s test.



total IgE (ng/ml)

total IgE (ng/ml)

A. Intranasal

1500,

10004

5004

MURINE MODELS OF NRL ALLERGY

—&— S0ug
—k— 12.5pg
—V—3ug
—0—0.78pg
—+0.19ug
——0.049.¢g
—O—VH

B. Intratracheal

——50pg
—k— 12.5n1g
—V—3ug
—0—0.78pg
T 0.19,¢g
—&—0.049ug
—O—VH

*k

=
h—

10

15 20

U 1

25 30

days

347

in a reduction in latex-specific IgE when analyzed via immu-
noblot analysis, incubation with the same quantity of ovalbu-
min, an unrelated protein, resulted in minimal inhibition of
band intensities. Latex protein inhibition resulted in 86%, 87%,
and 81.5% reductions in band intensities at 40 kD, 36 kD, and
30 kD respectively, compared to buffered treated sera. Ovalbu-
min treatment of sera prior to immunoblot analysis resulted in
only 13%, 30%, and 19% reductions in intensities for the same
three mw proteins.

Enhanced Pause (PENH)

Whole body plethysmography was used to evaluate pulmo-
nary responses of sensitized mice following respiratory chal-
lenge with NAL. To confirm the specificity of the PENH
response, naive mice, mice administered vehicle i.t., and i.t.
NAL (50 ng)-sensitized mice were monitored for bronchocon-
striction following respiratory challenge with either PBS or
300 wg NAL. Naive mice and mice administered vehicle i.t.
did not demonstrate bronchoconstriction following i.t. chal-
lenge with PBS (Fig. 7). Conversely, mice sensitized with
NAL via i.t. aspiration demonstrated an almojf@ld increase
in bronchoconstriction following PBS challenge £ 0.05).
Naive and vehicle-treated mice challenged i.t. with NAL pro-
tein exhibited statistically significant bronchoconstriction as
compared to PBS-challenged mice. Enhanced pause following
NAL challenge of mice i.t. sensitized with latex protein was
almost 4-fold higher (p= 0.05) than the PENH response in
naive and vehicle mice not previously exposed to NAL.

PENH was evaluated following respiratory challenge with
NAL in mice sensitized by each of the four routes of exposure.
Despite an elevation in serum total IgE (up to 14,390 ng/ml),

FIG. 4. Time course of total IgE response in BALB/c mice ¢ 5)
following respiratory tract exposure to latex protein. A. I.n. exposure: animals
were administered NAL 5 days/week for 10 weeks. B. |.t. exposure: mice weres 10000 -
anesthetized and dosed via i.t. aspirations with NAL evérgddy for 4 weeks.
Sera were prepared and total IgE concentrations were determined via ELISAG

% %

Data represent group means. Asterisks indicate statistical differences frorg 7500-
vehicle-exposed mice at$ 0.05 (*) or p= 0.01 (**), using a Dunnett's test. g

o

N
. . _ . ) 5000
tized i.t. to NAL exhibited a number of IgE bands ranging frome
35-70 kDa, as well as recognition of a latex protein near 9%
kDa. This protein was not detected by sera from other routes & 2500-

sensitization. Topically exposed, derm-abraded mice demorE

strated fewer IgE bands than s.c. or i.t. sensitized mice bu%
showed a number of proteins between 36—-60 kDa and more in- 0-
tense binding of a latex protein near 14 kDa. Despite the

low IgE concentrations following i.n. instillation of NAL pro-

teins, some IgE specific protein bands were detected Usingg. s. in vitro stimulation of splenocytes with latex protein. Splenocytes
AlaBLOT™ allergen strips. Sera from i.n. sensitized BALB/@rom s.c. sensitized (6.2ag) mice (dotted bars) or vehicle-treated mice (closed

mice demonstrated IgE for latex proteins near the 32—40 kzp) were incubated with latex protein for 72°H}-thymidine was added for the
and the 60 kDa ranges final 18 h. Bars represent group£n5) meanst standard error. Double asterisks

Th ificit f the IE from latex-sensitized mi W g*) indicate statistical differences from RPMI stimulated splenocytes=t(p01
€ specincity o €lg o alex-sensitize ce wa sing a Dunnett's test. Concanavalin A (/ml) or lipopolysaccharide (10

further confirmed by demonstrating immunoblot inhibition,gmi) added to positive control wells resulted in 60,56@,717 c.p.m./2< 10°
with latex protein. While incubation of sera with NAL resultedsplenocytes and 24,226 551 c.p.m./2x 10° splenocytes respectively.

RPMI 0.1 05 1 5 10 20 20
in vitro stimulation (1g/ml NAL)
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suggest that mast cells require between 14 days and 1 month to

- fully recover from a degranulating stimulus (Kruget al,

o 1981; Hammekt al, 1989; Levi-Schaffeet al., 1990). Addi-
tionally, one mouse from the 5Qg dose group anaphylaxed
following dosing and was sacrificed prior to the termination of

| the study. Surprisingly, the low-dose group (0.04§) dem-

onstrated signs of bronchoconstriction with almost a 2-fold

increase in PENH following respiratory challenge. The remain-
ing groups did not show any evidence of bronchoconstriction
and exhibited PENH values similar to vehicle mice.

DISCUSSION

Although the prevalence in IgE-mediated latex allergy has
risen since the mid-198§, the primary exposure route(s)
which lead to latex sensitization remain undefined. The exper-
iments described herein were designed to develop murine
models of IgE-mediated latex allergy which are representative
of potential human sensitization routes. Murine models have
been used to assess the allergenicity of proteins by various
routes of administration. Elevations in IgE production have

FIG. 6. Comparison of latex-specific IgE induced by different routes dpeen demonstrated in mice following injection, topical appli-
sensitization. BALB/c mice (= 5) were sensitized to NAL proteins by s.c.cation, or respiratory exposure to protein allergens such as
camples were normalized for oal 12 content (spproximatey 1,600 o) aggc. U OF Alcalase (Renat al, 1992 Hiltonet al, 1994
incutr;ated with AlaBLOT™ latex allgrgen strips. If)a?tex-specif?lc IgE wag d %logam al, 1994’ RObII’]ESORBt al, 1996'. Wanget al, 1.996)'
tected using a rat anti-mouse IgE monoclonal antibody. Molecular weights j:ré‘rthermore' increased immunoglobulin concentrations have

reported in kDa. Sera from glycerol buffer (vh) injected mice demonstrat&een reported by other investigators in mice exposed to a single
faint recognition of latex proteins.

15

‘ Dye front
i.t. top i.n. s.c. vh

7500

mice immunized s.c. with NAL (0.049-5Qg) did not dem-

onstrate increases in PENH values. Conversely, mice topicall

sensitized with NAL (0.78-5Q.g) demonstrated slight bron-

choconstriction, which was dose responsive(p.05) follow-

ing respiratory challenge with latex proteins. Derm-abrade

mice sensitized topically with 50.g NAL exhibited a 2-fold S

: : ; . . £

increase in PENH values, while non-tape stripped mice als&

showed bronchoconstriction which was approximately 2-folcg§

greater than vehicle controls despite serum IgE levels whicE

were approximately 6-fold lower than those from derm-

abraded mice (4,627 ng/ml vs. 779 ng/ml). 0
Respiratory challenge of mice exposed i.n. to high-dose

NAL (50 ug/ml) demonstrated almost a 4-fold increase in

mean enhanced pause compared to vehicle i.n. mice (p

0.01). Animals in this group were the only ones to demonstrate

an elevation in serum total IgE (1,248 ng/ml) and the only oned1G- 7._ PENH response by naive, vehicle, and NAL-sensitized mice.

ALB/c mice (n = 5 except for 50ug NAL exposed and challenged group

to demonstrate bronchoconstriction following respiratory ch /here n= 4) were dosed via i.t. aspirations with glycerol buffer or NAL for

lenge. Mice sensitized i.t. with 50g NAL demonstrated an 4 weeks. Naive and i.t-exposed mice were challenged i.t. with PBS or NAL,
approximate 2fold increase in enhanced pause compared #n evaluated for bronchoconstriction. Percent over baseline PENH was
vehicle mice following respiratory challenge. The responses gg}culated and plotted vs. time; area under the curve was subsequently deter-

the 50ug group may have been negatively skewed; five da ined. Bars represent meansstandard error. Asterisks (*) indicate statistical
ior to PENH det inati . £ thi ’ d ifferences from the appropriate PBS-challenged mice, while delta syn#)ols (
prior to eterminations, mice irom this group emor?ﬁdicate statistical differences between NAL-sensitized and vehicle control

?traFed signs Pf bronchoconstriction upon .dosing. Several stygle. statistical significance was determined a 19.05 using a one-tailed,
ies investigating rat mast cell degranulation and morphologypaired t-test.
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concentration of latex proteins via i.p. injections or i.n. instiltration of latex proteins resulted in marked increases in IgE, i.n.
lation (Kurupet al, 1994; Slatert al, 1998; Thakkert al,, instillation elicited a much lower response. The low IgE re-
1999). The time-course studies described here have compapednse following i.n. administration of latex proteins may be
dose-responsive increases in total IgE following administratialue to the limited antigen distribution in the lower respiratory
of latex proteins by four different sensitization routes (subctract. Robinsoret al. (1996) demonstrated that only an approx-
taneous, topical, intranasal, and intratracheal) and evaluaieete 30% of an i.n. administered @0 dose of'*’l BSA was
specific responses following latex protein challenge. recovered from the lungs of mice, with the majority being
Protein from NAL was used as the test material due to tmecovered from the nasal cavity and gastro-intestinal tract.
improved homogeneity in protein profiles as compared to am-A recent report demonstrated a significant correlation be-
moniated latex or NRL glove extracts; this allowed for moreveen specific IgE levels and both the incidence and severity of
direct comparisons amongst sensitization routes without int@sthma and urticaria following latex challenges in humans
ducing variability due to test articles. Furthermore, NAL extKim et al, 1999). Studies have described altered pulmonary
tracts have been shown to possess comparable diagnostic famstion in mice sensitized with ovalbumin by one route (top-
sitivity and specificity in comparison to AL and glove extractdcal or i.p.), and challenged either i.t. or by nebulization
and an NAL preparation is under consideration by the FDA §Salogaet al., 1994; Keane-Myerst al, 1998). Thakkeet al.
a standardized skin prick test reagent (Hamiledral,, 1996, (1999) demonstrated altered pulmonary conductance and com-
1998). The concentrations of latex proteins chosen for evahliance in mice sensitized i.n. with latex proteins and chal-
ation in these studies were consistent with potential humbanged with allergen intravenously. In these studies, mean total
exposure levels. A number of laboratories have described & levels correlated with PENH responsest{®.05) follow-
elution of latex proteins from NRL gloves (Aleniust al, ing topical (F = 0.87), i.n. (F = 0.73), and i.t. (f = 0.66)
1994; Slater, 1994; Yungingest al, 1994; Tomazicet al, sensitization. Conversely, mice sensitized s.c. demonstrated the
1995). Approximately 75% of the powdered gloves evaluatdiighest serum total IgE response (14,390 ng/ml), but showed
by these investigators had greater than L@Qof latex protein no signs of bronchoconstriction as measured by enhanced
per gram of glove; therefore, a latex glove weighing 8 granmsause.
could contain 80Qwg of protein. Swansoet al. (1994) quan-  Evidence that HCW and SB patients have a higher preva-
tified between 8-978 ng/htatex aeroallergens in several areakence of sensitization to particular latex proteins has emerged.
of a medical center where powdered gloves were used. Aptile the rubber associated proteldsv bl (14 kDa) andHev
proximately 34% of the airborne particles collected were ré&-3 (22—-27 kDa) are recognized more frequently by IgE from
spirable & 7 um). Based on human minute ventilation rates$SB patientsHev b2 (35-36 kDa)Hev b4 (100—110 kDa), and
a 40-h work week could result in respiratory tract exposure tev b 6.01, 6.02, and 6.03 (20 kDa, 5 kDa, and 14 kDa,
to 10 ng of latex proteins per week. respectively) are freely soluble proteins to which a higher
The stratum corneum is considered to be the major barrjggrcentage of allergic HCW develop antibodies (Alergtial,,
between topical antigens and the dermal immune system, but393; Hamiltoret al,, 1996; Reunalat al,, 1996; Yeanget al,,
is frequently compromised in HCW due to dermatitis causei®96; Poschet al, 1998). Realizing that molecular weights
by extensive glove usage and hand washing. Usingitro alone can not be relied upon to identify specific latex proteins
diffusion cells, Haye®t al. (1999) demonstrated that, follow-(Hev b1, Hev b 6.03, andHev b 8 have similar molecular
ing 24 h of exposure to a single dose of 10§ latex proteins, weights), the different latex-specific IgE profiles observed in
approximately 26% of NAL penetrated into or through tapthese studies following distinct sensitization routes is consis-
stripped human skin, while less than 1.5% of the applied dowant with the hypothesis that the route of sensitization contrib-
penetrated intact, non-abraded skin samples. Skin abrasionutes to the varied specific antibody production among latex
only improves penetration of proteins through the skin batlergic patientsi(e., HCW and SB patients).
contributes to the ensuing immune response. Tape stripping ofhese studies suggest that NRL sensitization may occur
skin has been reported to increase Langerhans cell expres$lowing s.c., respiratory, and topical exposure to latex pro-
of MHC Il and CD86 (Nishijimaet al, 1997), and induce teins. Mice sensitized to latex proteins demonstrated immuno-
Th2-dominant cytokine responses in the skin of BALB/c mickgical responses which are consistent with those described for
(Kondoet al, 1998). Consistent with these factors, serum Igktex allergic patients. Sensitized mice demonstrateditro
became elevated more quickly in animals which had been tagenocyte proliferation consistent with that described for latex
stripped to remove the stratum corneum. However, by day Zllergic patients by multiple laboratories (Murali al., 1994;
the effects of tape stripping appeared minimal, as IgE levéRaulf-Heimsothet al, 1996; Eboet al, 1997). Peripheral
were comparable between tape stripped and non-tape strippkbd mononuclear cells purified from allergic individuals and
animals. stimulated with latex proteins (0.5-2@g/ml) for 5-7 days
The skin and lungs are considered good anatomical locatisi®wed stimulation indexes between 2.5-14 at optimeitro
for IgE production following antigen exposure (\Wat al, challenge concentrations. Additionally, mice showed eleva-
1996; Frazeet al, 1999) and, while topical and i.t. adminis-tions in total and latex-specific IgE, as well esvivo bron-
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choconstriction following respiratory challenge with latex proHammel, I, Lagunoff, D., and Kruger, P. G. (1989). Recovery of rat mast cells
tein. Differences in latex-specific IgE profiles and pulmonary after secretion: a morphometric studgxp. Cell Res184,518-523.
function following sensitization of mice by four different™ee & 2 Cto 0 o i animal and human Sonicologist
r_outes suggest that exposure .ro.utes Ieadllng to NRL sensitiza- 74, P 9

tion may play a.role " determm!ng the primary allergens a’]ﬁ’nton, J., Dearman, R. J., Basketter, D. A., and Kimber, I. (1994). Serological
the clinical manifestation of the immune response. These muFesponses induced in mice by immunogenic proteins and by protein respi-

rine models of latex allergy appear to be representative Ofatory allergensToxicol. Lett.73, 43-53.
human latex allergy and should be useful in developing aR@ane-myers, A. M., Gause, W. C., Finkelman, F. D., Xhou, X.-D., and

evaluating new intervention techniques and strategies. Wills-Karp, M. (1998). Development of murine allergic asthma is dependent
upon B7-2 costimulation]. Immunol.160, 1036-1043.
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