Immunologic cross-reactivity between
respiratory chemical sensitizers:
Reactive dyes and cyanuric chloride
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Background: CyCl isalow molecular weight reactive chemical
used as an intermediate in the production of plastics, herbi-
cides, pharmaceuticals, and fiber-reactive dyes. It is a potent
inducer of specific IgE antibody. The CyCl functionality isa
structural component of monochlorotriazine and dichlorotri-
azine dyes.

Objective: We have investigated the immunologic cross-reactivi-
ty between cyanuric chloride (CyCl) and reactive dyes and it
was hypothesized that this moiety might be a dye epitope and
that it might stimulate an allergic antibody responsein dye-
exposed workers.

Methods: To test this hypothesis, we have used sera with IgE
antibodies to CyCl and also sera from dye-exposed workers who
have IgE antibodies to Procion Orange M X2R, an azo dye con-
taining the dichlorotriazine group. As a control group we have
used dye-exposed workerswith IgE antibody to Remazol Black
B, a diazo dye containing the vinyl sulfone-reactive group.
Results: Using RAST and RAST inhibitions, we identified neg-
ligible cross-reactivity between CyCl and dichlorotriazine dye.
Conclusion: Theresults of this study imply that the allergenic
moiety on the dye residue resides in the chromophore rather
than in the common structural component of CyCl and dichloro-
triazine dyes. (J Allergy Clin Immunol 1998;102:835-40.)

Key words: Cyanuric chloride, reactive dyes, sensitizers, IgE anti-

body

Several low molecular weight reactive chemicals have
been associated with occupational asthma and allergy.!
One class of such chemicals contains fiber-reactive
dyes.2 The dyes contain achromogen linked to areactive
group that enables the covalent attachment of the dye to
hydroxyl groups on cellulose fibers. The chemical reac-
tivity also allows the dyes to function as haptens and
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Abbreviations used
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Rem B: Remazol Black B

presumably to bind in vivo to carrier molecules and
stimulate an immune response. The dyes that have been
shown to cause occupational allergy and asthma in
human subjects are predominantly the azo dyes or the
anthraquinones.3 The reactive groups on these dyes are
monochlorotriazines and dichlorotriazines, vinyl sul-
fone, bromoacrylamide, and monochlorodifluoro pyrim-
idine. Dye-specific IgE antibody has been detected in
some workers exposed to these various dyes.

Cyanuric chloride (CyCl) is areactive chemical that is
used as an intermediate in the synthesis of plastics, herbi-
cides, pharmaceuticals, and dyes.45 Specifically, CyCl is
used to synthesize the monochlorotriazine or dichlorotri-
azine fiber-reactive dyes. It is an irritant and an allergen,
with specific IgE antibodies detected in sera of exposed
workers.6 In experimental systems, lymphocyte prolifera-
tion has been observed in lymph nodes of mice exposed
topically to 2.5% to 10% of the chemical,” and elevated
levels of I1L-4 and IL-10 have been detected in cultures of
the lymph node cells, suggesting stimulation of T,, cells.8
Therefore clinical and experimental data indicate CyCl
can function as a hapten and stimulate immune respons-
es. Because the CyCl functionality is a structural compo-
nent of monochlorotriazine and dichlorotriazine azo dyes,
we hypothesized that this moiety might be a dye epitope
and stimulate allergic antibody in dye-exposed workers.

To test this hypothesis, we investigated serologic
cross-reactivity between CyCl and reactive dyes. Human
sera containing IgE antibody to CyCl were tested in
RASTs and RAST inhibition studies with human serum
albumin (HAS) conjugates of a panel of dyes, Remazol
Black B (Rem B), a diazo dye containing the vinyl sul-
fone reactive group; Procion Orange MX2R (PrOr), an
azo dye containing the dichlorotriazine group; and 2
other dichlorotriazine dyes with distinct chromophores.®
Additionally, reactivity of antibody from dye-exposed
workers was tested with CyCl. Reactivity would be
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FIG 1. Structures of CyCl, PrOr, and Rem B.

expected if CyCl isan epitope of monochlorotriazine and
dichlorotriazine dyes. Accordingly, cross-reactivity
between CyCl and PrOr would be expected, but that
between CyCl and Rem B would not. The results of this
study indicate little cross-reactivity between CyCl and
dichlorotriazine, implying that the allergenic epitope on
the dye resides not in the dichlorotriazine moiety but
rather in the chromophore. Inhibition of IgE binding to
PrOr with dichlorotriazine dyes that have distinct chro-
mophores also implies the allergenic epitope resides
mainly in the chromophore.

METHODS
Antigens

CyCI-HSA was prepared as described.® Briefly, CyCl (100%)
was dissolved in acetone and added dropwise to a 0.5% solution of
HSA (Sigma) in 0.05 mol/L phosphate buffer, pH 7.4. The molar
ratio of reactants was 50:1. The haptenic content of the conjugate
antigen, determined by using 2,4,6-trinitrobenzene sulfonic acid,®
indicated 46 mol CyCl bound per mol HSA.

HSA conjugate antigens with the dyes were prepared by separate-
ly dissolving 5 mg of PrOr (ICl), Procion Yellow MX4R (ICl), Ciba
Yellow F3R (Ciba), and Rem B-vinyl sulfone (Sandoz) in 5 mL 2%
HSA (in 50 mmol/L NaHCO; solution, pH 10.00). After 1 hour at
4°C, the solutions were didyzed for 12 hours against PBS. The hap-
tenic content of the PrOr conjugate was 19 mol PrOr per mol HSA.

TABLE I. RAST reactions of sera from CyCl-exposed
workers

CyCI-HSA PrOr-HSA
Total IgE HSA RAST RAST RAST
Sample (lU/mL) (% bound) (% bound) (% bound)
1 84 0.3 20* 0.5
2 42 0.4 37* 2.8*
3 301 0.6 35* 2.8*
4 21 0.3 9* 0.3
5 135 0.5 * 0.6
6 103 0.2 8* 0.4
7 252 0.6 15* 0.7
8 7 0.3 8* 0.3
9 78 0.3 13* 0.4
10 140 0.6 42* 5.2*

Vaues in bold indicate positive titer by regression method analysis.
*Positive titer by RAST ratio method.

Sera

Serawere obtained from 10 workers with occupational exposure
to CyCl and from 11 dye-house workers who weighed and mixed
dyes. The total IgE content of the sera was assessed by using RIA
kits (Hycor, Ventrix Division, Portland, Me and Pharmacia Upjohn).
Serawere stored at —70°C until use.
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FIG 2. RAST and RAST inhibition of serum C547. A, Serum from this PrOr-exposed worker demonstrated 10.6%
RAST binding to PrOr-HSA-coated disks that was inhibited by PrOr-HSA (1.6% binding), but not by CyCI-HSA
(10.0% binding). B, Serum demonstrated 1.8% RAST binding to CyCI-HSA disks. Binding was inhibited equal-
ly by PrOr-HSA (0.7% binding) and by CyCI-HSA (0.9% binding).

TABLE Il. RAST inhibition studies of CyCl-exposed workers

RAST (% cpm bound)

CyCl- CyCI-HSA(d) CyCI-HSA(d) PrOr- PrOr-HSA(d) PrOr-HSA(d)
Sample HSA(d) CyCI-HSA(i) PrOr-HSA(i) HSA(d) PrOr-HSA(i) CyCI-HSA(i)
2 35 8 (76%)* 33 (6%) 2.3 ND ND
3 50 14 (72%) 45 (9%) 35 ND ND
10 71 19 (76%) 72 (0%) 6.4 1.4 (100%) 4.8 (43%)

Values in bold indicate significant inhibition of RAST binding.
d, Antigen-coated disk; i, inhibitor; ND, not done.
*Values in parentheses indicate the percent inhibition of binding.

RAST

Assays were performed in 2 laboratories. In each, antigen-coat-
ed disks were prepared by reaction of haptenated HSA with
cyanogen bromide—activated paper disks.® For the assay, a disk was
added to atest tube containing 50 pL of serum. After incubation at
ambient temperature for 16 hours, the disk was washed and added
to 50 pL 125-anti-human IgE (Hycor-Ventrex and Pharmacia
Upjohn). After 16 hours, the disk was washed and counted in a
gamma scintillation counter. The amount of antigen-specific IgE
antibody was expressed as the percentage of the added cpm that
remained bound to the disk (percent binding). RAST positivity was
assessed by 2 methods: the regression method described by Karol et
al® and the ratio method. In the ratio method a positive value is
defined by the following equation:

*Cpm hapten-HSA — cpm HSA
HSA

>2

RAST inhibition assay

Hapten-HSA at 1 mg mL-1in PBS was mixed with an equal vol-
ume of serum. After 2 to 4 hours at 37°C, an antigen-coated disk
was added, and assay was performed as described above. Inhibition
of 25% or greater was scored as positive.6

100 (1 — net cpm with inhibitor)
% inhibition =

(net cpm with buffer)
RESULTS

The structures of CyCl, PrOr, and Rem B are shownin
Fig 1. Features of the CyCl structure found in PrOr dye
are highlighted.

Sera from CyCl-exposed workers

Sera from 10 CyCl-exposed workers were selected on
the basis of previous findings of positive CyCI-HSA
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FIG 3. Prediction of allergenic features of PrOr by using Structure Activity Relationship model.

TABLE lll. RAST binding of sera from dye-exposed workers

RAST (% cpm bound)

CyCI-HSA CyCI-HSA
IgE PrOr- Rem B- (RAST (regression
Sample (lU/mL) HSA HSA HSA ratio) ratio)
C152 105 04 04 3.0* 04 ND
C156 42 04 0.7 3.1* 0.3 ND
C157 84 04 11 6.8* 0.6 32
C159 42 0.3 8.6* 17 03 33
C163 301 0.9 3.4* 0.7 15 56
C164 21 0.3 0.7 8.1* 0.5 28
C165 135 0.3 0.7 3.4 0.6 40
C560 7 0.4 5.0* 5.1* 04 18
C561 78 0.3 8.0* 8.7* 11 39
C556 252 05 10.2* 0.7 12 41
C547 103 0.3 14.5¢ 17 2.0* 88

Values in bold indicate significant titer by the regression ratio method.
ND, Not done.
*Positive titer by RAST ratio.

RAST vaues.t In the current study the sera were evalu-
ated for binding to disks coated with CyCl-HSA, PrOr-
HSA, and HSA aone. Results of the RAST assays are
presented in Table I. Binding to CyCI-HSA disks ranged
from 7% to 42% cpm bound, whereas that to HSA disks
ranged from 0.2% to 0.6%. By using both methods of

RAST analysis, each of the serawas confirmed to remain
highly positive for CyCl IgE antibody.

Assessment of IgE reactive with PrOr-HSA yielded
much lower RAST values (Tablel). Samples 2, 3, and 10
scored positive by using the RAST ratio method,
athough the absolute amounts of PrOr-HSA binding of
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TABLE IV. RAST inhibition studies of IgE binding to PrOr
in dye-exposed workers

RAST (% cpm bound)

PrOr(d) PrOr(d)
PrOr(d) Procion yellow Ciba Yellow

Sample PrOr(d) PrOr(i) MX4R(i) F3R (i)
C159 8.8 0.5 (94)* 4.6 (47) 5.2 (41)
C163 4.3 0.7 (84) 2.6 (39) 2.7 (37)
C560 4.1 0.5 (88) 4.1 (0) 4.3 (0)
C561 7.6 0.8 (89) 2.2 (71) 2.4 (68)
C556 7.0 0.6 (92) 8.2 (0) 6.7 (4)
Ccs547 13.7 1.6 (88) 7.1(48) 7.0 (49)

Values in bold indicate positive RAST binding of greater than 2% to the
inhibitor.

d, Antigen-coated disk; i, inhibitor.

*Values in parentheses indicate the percent inhibition of binding.

samples 2 and 3 were very low. Only sample 10 scored
positive by the regression method.

The specificities of the RAST reactions were eval uat-
ed by using RAST inhibition analyses. Serum 10 had
exceptionally high binding (71%) to the CyCl-HSA disks
(Tablell). The binding wasinhibited 73% by CyCI-HSA,
but there was no inhibition with PrOr-HSA. Similarly,
reactions of sera 2 and 3 with CyCl-HSA—coated disks
were inhibited by CyCI-HSA, but not significantly by
PrOr-HSA.

Testing was performed to determine possible reactivi-
ty of the antibodies in sera of CyCl-exposed workers
with the dye antigens. As indicated in Table I1, low lev-
els of binding were obtained with PrOr-HSA—coated
disks (column 5). Binding by serum 10 was significant
and was inhibited completely by PrOr-HSA and by 43%
with CyCI-HSA.

Sera from dye-exposed workers

Serafrom 11 workers exposed to PrOr, Rem B, or both
had been collected during 1985 to 1986 and stored at
—80°C. The serawere thawed and evaluated for IgE anti-
body reactive with the dye conjugates, CyCI-HSA, and
HSA. The CyCI-HSA RAST was performed in 2 labora-
tories and evaluated by the 2 methods. RAST results are
provided in Table I1l. HSA RAST binding ranged from
0.3% to 0.9%. Samples C159, C556, C163, and C547
demonstrated IgE reactivity only with PrOr antigen.
Samples C152, C156, C157, C164, and C165 were posi-
tive only in the Rem B-HSA RAST. Two samples, C560
and C561, were positive in both dye RAST assays.

Of particular interest in this study was the possible
cross-reactivity of these serawith CyCI-HSA. One sam-
ple, C547, demonstrated such reactivity when assessed in
both laboratories. C547 had CyCl-HSA RAST binding of
2.0% in laboratory A. Because the HSA RAST binding
inthislaboratory was 0.3%, the RAST ratio was positive.
In laboratory B the serum binding was 8.8%, and total
IgE was 103 1U/mL. These values resulted in a positive
score in the RAST regression analysis.
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The specificities of the RAST-reactive antibody serum
C547 were examined by using RAST inhibition assays.
Results are shown in Fig 2. Whereas antibody binding to
PrOr-HSA—coated disks was substantial (10.6% cpm
bound) and was inhibited to the extent of 84% by PrOr-
HSA, CyCI-HSA did not inhibit the binding. By contrast,
binding to CyCl-HSA—coated disks was low (5.6%) and
was inhibited equally by CyCI-HSA and PrOr-HSA.
Dyes with the dichlorotriazine functional group but with
a different chromophore to PrOr did not consistently
inhibit the binding of IgE to PrOr, and any inhibition was
lower than that with the PrOr (Table V).

DISCUSSION

Fiber-reactive dyes have been associated with cases of
occupational asthma. The dichlorotriazine functionality on
Procion dyesisresponsiblefor itsfiber reactivity by nucle-
ophilic reaction with the hydroxyl groups on cellulose.
The Rem B dye reacts by means of the B-sulphatoethyl
sulfone group.® Although CyCl has not been recognized
widely as a cause of occupational asthma, we have previ-
ously reported detection of high titer of anti-CyCl IgE
antibody in sera from workers occupationally exposed to
the chemical .6 Because of the structural similarity of CyCl
and the dichlorotriazine functionality on PrOr, we hypoth-
esized that the latter functionality might be a major con-
tributor to the allergenic activity of PrOr dyes.

A number of CyCl-exposed workers were found to
have high titer of anti-CyCl IgE.6 Ten such sera were
examined for possible cross-reactivity of these antibodies
with PrOr dye. Results indicated that the dye was not
able to inhibit the RAST reaction of any of the serawith
CyCI-HSA, whereas CyCI-HSA was a very effective
inhibitor in all cases (Table I1). Furthermore, only 1 of
the 10 sera gave a positive titer when tested with PrOr in
RAST (Table I). The RAST titer was minimal (ie, only
12% of that obtained with CyCI-HSA). The reaction was
inhibited more effectively by PrOr-HSA than by CyCl-
HSA (Table I1). These findings could be interpreted as
either a minor cross-reaction of anti-CyCl antibodies or
as independent production of antibody populations to
each of the 2 alergens. Further analyses would be neces-
sary to determine the correct explanation.

Sera were obtained from 11 dye-exposed workers, 6
individuals sensitized to PrOr dye and, for control pur-
poses, 5 workers sensitized to an unrelated fiber-reactive
dye (Rem B). Only one of the 11 sera (number 547)
showed reaction in CyCl-HSA RAST. This serum was
from a worker exposed to PrOr dye. The RAST titer to
PrOr antigen was 6-fold greater than that to CyCl anti-
gen. RAST inhibition studies indicated that only PrOr
antigen was able to inhibit the binding to PrOr-HSA
disks. The binding to CyCI-HSA disks was inhibited
equally by PrOr and CyCl antigens, but not by Rem B-
HSA. The latter finding excluded the possibility that
binding was due to antibody recognition of HSA.

Contamination of PrOr dye with CyCl was considered
as apossible explanation for the reaction of sample C547
with CyCl-HSA. However, the dye was known to be free
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of organic contaminants. Moreover, if PrOr had been
contaminated with CyCl, one would have expected posi-
tive PrOr RAST values from the CyCl sera. As evident
from Table |, although these sera had very high titer to
CyCl-HSA with only 1 exception, they did not react in
PrOr RAST. Additionally, reactions with CyCl-
HSA—coated disks were not inhibited with PrOr antigen
(Table I1). We therefore concluded that contamination of
PrOr by CyCl was not a plausible explanation of the
CyCI-HSA RAST binding of serum sample C547.
Rather, a more likely explanation is that in this individ-
ual the antibodies to PrOr have some limited reactivity
with the CyCl moiety.

Because only 1 of the sera from PrOr-exposed work-
ers gave a positive result in CyCI-HSA RAST and dyes
with the dichlorotriazine group but with a different chro-
mophore did not consistently inhibit the binding of IgE
to PrOr, it is unlikely that the dichlorotriazine functional -
ity isamajor alergenic epitope of the PrOr dye. We were
able to obtain a prediction of the structural features of the
dye that likely contributes toward respiratory allergenic-
ity from our structure-activity model10 of respiratory sen-
sitizers. The model identified several structural aerts as
indicated in Fig 3. Portions of the chromophore, as well
as of the dichlorotriazine moiety, were identified. This
result indicates that areas outside the reactive portion of
the dye likely contribute to the allergenic epitope.

In summary, a serologic study was undertaken to deter-
mine whether a common structural festure contributed to
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the alergenicity of CyCl and PrOr dye. Results indicated
that in all cases the common structural component was
not the major allergenic epitope of the dye.
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