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CONTACT DERMATITIS

Application of HEMA on intact mouse skin — effects

on the immune system
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Previously, we have shown that 2-hydroxyethylmethacrylate (HEMA) can bind to protein and that
autoantibodies were induced in mice by immunization with a self-protein in vitro conjugated with
HEMA. The present study aimed to develop a model for HEMA-induced sensitivity by the
application of the substance on intact skin. Female BALB/c mice were painted on the dorsum of
each ear with 50% HEMA in vehicle twice a week for 6 weeks. The anti-CD3e-stimulated lymph
node production and the spontaneous spleen-cell production of the cytokines interleukin (IL)-2, IL-4,
IL-6, IL-10 and interferon-y were assessed by enzyme-linked immunosorbent assay. In another
experiment, the cytokines were followed after subcutanecous HEMA injections. Animals painted
with HEMA had a significantly higher IL-6 production by anti-CD3e-stimulated lymph node cells
and significantly suppressed IL-10 production by spleen cells compared to vehicle-treated mice. This
correlated to some extent with the spontaneous spleen-cell production induced by subcutaneously
administered HEMA. An injection of 20 pmol of HEMA induced an increased production of IL-6,
while injection of 40 umol depressed both IL-6 and IL-10 production. Although there was no sign
of inflammation on the ears, findings suggest that HEMA had penetrated the skin and induced a
reaction in the immune system.

Key words: acrylate; dental material, HEMA; IL-10; IL-6. © 2006 The Authors. Journal compilation
© 2006 Blackwell Munksgaard.

Accepted for publication 14 July 2005

Acrylates have become widely used in dental mate-
rials, some of which have been reported to cause
adverse reactions. Both irritant and allergic
contact dermatitis (ICD and ACD) as well as
respiratory hypersensitivity have been reported
(1-5). The small-monomer 2-hydroxyethylmeth-
acrylate (HEMA) has been acknowledged in this
group as a frequent cause of ACD (5). Owing to its
size and water solubility, HEMA is often included
in dental bonding material where the content of
HEMA can amount to be between 30% and 55%
(6, 7). Another field of application is as solvent or
copolymer in composite resins and glass ionomer
cements. After curing, un-polymerized HEMA has
been shown to be eluted from the material in
amounts sufficient to be cytotoxic (8, 9).

ACD is a T-cell-mediated immune response to
low-molecular-weight compounds that activates
the immune system as a result of their binding
to proteins in the epidermis. After an inductive
sensitization phase, subsequent exposure leads to
elicitation of inflammation. Recent studies sug-
gest that interferon (IFN)-y-producing CD8 "

T cells initiate this response, while it is down-
regulated by CD4 " T cells producing interleukin
(IL)-4 and IL-10 (10), also reviewed in (11).

We have earlier shown that HEMA can bind to
protein, thereby fulfilling one requirement for the
ability to cause ACD (12). We also demonstrated
that HEMA modification of a self-protein leads
to the production of autoantibodies towards the
carrier protein in mice (12). However, in order to
study the background mechanisms for HEMA-
induced ACD, a mouse model based on topical
exposure of HEMA would be most useful.
Contact hypersensitivity towards HEMA has been
established in guinea pigs (13-15) but is to our
knowledge still elusive in mice. A substance found
to be cross-reactive with HEMA in guinea pig stu-
dies, 2-hydroxypropylmethacrylate (14), was found
to be negative in the murine local lymph node assay
(LLNA), although, due to positive patch tests,
considered as an allergen in humans (16).

In the evaluation of LLNA by the Interagency
Coordination Committee on the Validation of
Alternative Methods (ICCVAM), this method
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was recommended as a stand-alone alternative to
assess contact sensitization hazard, although it
was recognized that weak sensitizers might give
false negative results (17). Considering that the
exposure period in LLNA only last for 3 days
while contact hypersensitivity towards weak
allergens in humans probably arises after long-
term exposure, it is possible that a longer period
of exposure is necessary to identify weak aller-
gens in mice.

The aim of the present study was to induce
HEMA sensitivity by frequent ‘painting’ on the
skin with the substance at a high dose, during an
extended period of time. Subsequently, we
assessed the spontaneous spleen-cell production
as well as the anti-CD3e-stimulated production
of the cytokines 1L.-2, IL-4, IL-6, IL-10 and IFN-
v from draining lymph node. The results were
compared with the spontaneous spleen-cell pro-

duction induced by subcutancous HEMA
injections.

Materials and Methods
Animals

Female BALB/c mice, 6 weeks old (Charles
River, Sulzfeld, Germany), were kept in the
animal facility according to governmental rules.
The ecthical committee on animal experiments
approved the protocols.

Topical application of HEM A

Groups of mice (n = 8) were painted on the dor-
sum of each ear with 20 ul of 50% HEMA (i.e.
80 umol/ear) in vehicle (acetone : olive oil, 4 : 1)
or vehicle alone twice a week for 6 weeks. The
animals were killed 1 day after the last painting.
Individual single-cell suspensions were prepared
from draining lymph nodes and from spleens.

Subcutaneous injection of HEM A

Groups of mice (n = 8) were injected subcuta-
neously with 20 pmol or 40 umol HEMA in
100 mM NaHCO; or with 100 mM NaHCO;
alone as control, once a week for 3 weeks.
Animals were killed 5 days after the last injection,
and individual spleen-cell suspensions were
prepared.

Preparation and treatment of cell suspensions

Spleen cells. Spleens were squeezed through a
70 um cell strainer (Falcon, Labora AB,
Sollentuna, Sweden). The cell suspensions were
centrifuged on Ficoll-Paque™ (Amersham
Pharmacia Biotech AB, Uppsala Sweden). Cells

from the interface were washed 2 times before they
were suspended in Dulbecco’s MEM, supple-
mented with 5% fetal calf serum, penicillin—
streptamycin and gentamicin (complete DMEM)
(all from Gibco BRL™, Invitrogen, Stockholm,
Sweden). Cells were seeded 5 x 10° cells/well in
0.2 ml complete DMEM in triplicates in U-shaped
96-well plates (Nunclon, GTF AB, Goéteborg,
Sweden) and then incubated for 4 days in
humid atmosphere, 5% CO, at 37°C before the
content of the wells were transferred to tubes and
centrifuged 220 g for 10 min at 4°C. The super-
natant was collected and kept frozen at —20°C
until analysis.

Draining lymph node cells. Lymph nodes were
squeezed through a 70 pm cell strainer. The cell
suspensions were individually collected and
washed 2 times. Cells were seeded 5 x 10° cells/
well in 0.2 ml complete DMEM in triplicates in
U-shaped 96-well plates coated with anti-CD3e
antibodies. The cells were incubated in humid
atmosphere, 5% CO, at 37°C, for 3 days before
the content of the wells were transferred to tubes
and centrifuged 220 g for 10 min at 4°C. The
supernatant was collected and kept frozen at
—20°C until analysis.

Anti-CD3e antibody stimulation. Plates were
coated with 30 pl/well of hamster anti-mouse
CD3g monoclonal antibodies, 25 pg/ml (BD
Biosciences Pharmingen, Stockholm, Sweden) in
phosphate-buffered saline (PBS) for 90 min in
37°C. The wells were then washed 2 times with
sterile PBS before lglmph node cells were seeded
in triplicates 5 x 10° cells/well in 0.2 ml complete
DMEM.

Assessment of cytokine production

IL-2, IL-4, TL-6, 1L-10 and IFN-y concentration
in the supernatants was assessed by commercial
sandwich enzyme-linked immunosorbent assay
systems, ‘Duosets’ (R&D systems, Abingdon,
UK). Plates were coated with capture antibody
according to the included instructions. The next
day the plates were washed 3 times with PBS—
Tween-20, blocked with 1% BSA in PBS for 1 hr
at room temperature before samples and stan-
dard were added. Complete DMEM was used
for dilution if necessary. Plates were incubated
over night at 4°C. The next day the plates were
washed 4 times with PBS-Tween-20 before 2 hr
of incubation with the biotinylated detection
antibody at room temperature. After 4 PBS—
Tween-20 washes, the plates were incubated
with streptavidin—HRP for 20 min. The plates
were washed anew 4 times with PBS-Tween-20
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before incubation in the dark for 20 min with the
substrate tetrametylbenzidine dissolved in 0.05 M
phosphate citrate buffer (pH 5.0) supplemented
with 30% H,O,. The reaction was stopped after
20 min by the addition of 1 M H,SO,4. The
absorbance was read on a Spectra MAX 340 at
450 nm (Molecular Devices, Sunnyvale, CA,
USA).

HEMA

Prior to injections, HEMA (Sigma-Aldrich,
St Louis, MO, USA; H8633) was passed over a
column (Aldrich No. 30631-2, Sigma-Aldrich) to
remove the inhibitor hydroquinone.

Results

Spontaneous cytokine production by spleen cells
after topical treatment

Mice were painted twice a week for 6 weeks with
50% HEMA in vehicle or vehicle alone on the
dorsum of both ears (80 umol HEMA/ear).
Single-cell suspensions from spleen cells were
grown for 4 days before the concentrations of
IL-2, IL-4, IL-6, IL-10 and IFN-y in the super-
natant were assessed. While the IL-2 production
was unaffected by the in vivo treatment, the IL-10
production  was  significantly  suppressed
(Fig. la,b). There were no detectable production
of IL-4, IL-6 and IFN-y.

Anti-CD3e-stimulated cytokine production by
draining lymph node cells

Mice were painted twice a week for 6 weeks with
50% HEMA in vehicle or vehicle alone on the
dorsum of both ears. Single-cell suspensions from
draining lymph nodes were grown for 3 days on
plates coated with anti-CD3e antibodies. The
concentrations of IL-2, IL-4, IL-6, IL-10 and
IFN-vy in the supernatants were assessed. The
production of IL-6 was significantly higher in
the group that had been painted with HEMA
compared to those painted with vehicle
(Fig. 2a). Although not significant, there was a
tendency for increased production of IL-2 and
IL-4 in the group painted with HEMA
(Fig. 2b,c). No obvious difference in the produc-
tion of IL-10 and IFN-y could be detected (data
not shown).

Spontaneous cytokine production by spleen cells
after subcutaneous injection

Mice were injected subcutaneously with 20 pmol
or 40 umol HEMA in 100 mM NaHCOj; or with
100 mM NaHCOs; alone as control, once a week
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Fig. 1. Spontaneous spleen-cell production of interleukin
(IL)-2 (a) and IL-10 (b). Groups of mice (n = 8) were
painted with 50% 2-hydroxyethylmethacrylate (HEMA) in
vehicle (acetone : olive oil, 4 : 1) or with vehicle alone on the
dorsum of both ears, twice a week for 6 weeks. 1 day after
the last painting, the animals were killed and single-cell
suspensions were prepared and seeded on plates. After
4 days of incubation, the IL-2 and IL-10 concentrations of
the supernatants were assessed by enzyme-linked immuno-
sorbent assay. Dots denote 1 animal, and the horizontal bar
indicates the median. Mann—Whitney U-test was used for
statistical comparison (*P < 0.05).



Contact Dermatitis 2006: 54: 186—191

TOPICALLY APPLIED HEMA 189

(a) (b) (c)
IL-6 pg/ml IL-2 pg/ml IL-4 pg/ml
"1 . e
800 1 . 1
5000 - 6 *
600 1 e °
L 3000 00 40 1
—ofy— T -
o) o -
400 - So —— ot o o,
o0 o
. oo . 20 - *
200 - 1000 - —&&—
o &) P
o0
Sham HEMA paint Sham HEMA paint Sham HEMA paint

In Vivo treatment

In Vivo treatment

In Vivo treatment

Fig. 2. Cytokine production of interleukin (IL)-6 (a), IL-2 (b) and IL-4 (c) by draining lymph node cells stimulated in vitro by
anti-CD3e antibody. Groups of mice (n = 8) were painted with 50% 2-hydroxyethylmethacrylate (HEMA) in vehicle
(acetone : olive oil, 4 : 1) or with vehicle alone on the dorsum of both ears, twice a week for 6 weeks. 1 day after the last
painting, the animals were killed and single-cell suspensions were prepared and seeded on plates coated with anti-CD3e
antibody. After 3 days of incubation, the cytokine concentration of the supernatants was assessed by enzyme-linked
immunosorbent assay. Dots denote 1 animal, and the horizontal bar indicates the median. Mann—Whitney U-test was used

for statistical comparison (*P < 0.05).

for 3 weeks. Single-cell suspensions from spleens
were prepared and incubated for 4 days before
the content of cytokines IL-2, IL-4, IL-6, IL-10
and IFN-y was assessed in the supernatants.
There was no detectable production of 1L-4 or
IFN-y. The HEMA injections did not affect IL-2
production (data not shown). The production of
IL-10 was unaffected by in vivo injections of
20 umol HEMA but significantly suppressed by
injections of 40 umol (Fig. 3a). The production
of IL-6 was significantly increased by the
20 pmol injection but depressed by the 40 pmol
(Fig. 3b).

Discussion

In this study, we have shown that HEMA applied
topically for an extended period of time affects
the immune system. The influence was recorded
as decreased spontaneous production of IL-10 by
spleen cells and increased IL-6 production
by draining lymph node cells in vitro stimulated
by an anti-CD3¢ antibody.

IL-10 is an important cytokine that has been
shown to exert pleiotropic activities on the
immune system, extensively reviewed in (18). In
mouse models with IL-10 deficiencies, contact
hypersensitivity (CHS) has been shown to be
exaggerated, suggesting that IL-10 restrains irri-
tant responses (19, 20). In the present study, we
found a suppressed production of IL-10 by spleen
cells in vitro, subsequent to in vivo HEMA treat-
ment. This effect was induced both by topical

application and by subcutaneous injection.
However, we could not detect any difference in
the IL-10 production by draining lymph node
cells stimulated with anti-CD3e antibodies
in vitro, following topical treatment. One possible
explanation could be that HEMA was not
retained in the ear tissue long enough and in
sufficient quantities to induce this cytokine. A
study on the toxicokinetic of HEMA in guinea
pigs indicated that a substantial metabolism of
HEMA occurs in vivo because 70% of subcuta-
neously injected *C-labelled HEMA was exhaled
as CO, after 24 hr (21). The remaining radio-
activity showed a broad distribution throughout
the body; 17% was found in the urine and 7.5%
was found in the organs with 0.5% in the skin.
Of further interest in the current study was that
the anti-CD3e-stimulated IL-6 production by
draining lymph nodes cells in vitro was increased
by the topical HEMA treatment. Stimulation
with plate-bound anti-CD3g antibodies has been
used in several studies to enhance in vitro cyto-
kine production, for example by lymph node cells
sensitized in vivo to dinitrofluorobenzene (10, 22,
23). IL-6 is a cytokine associated with inflamma-
tion. The secretion of IL-6 was shown to be sig-
nificantly increased in allergen-activated lymph
node cells as compared to vehicle-treated cells in
BALB/c mice (24). The production of IL-6 does
not seem to be exclusively induced by allergens,
though, as mRNA for IL-6 is upregulated by
topical treatment with both an irritant and an
allergen in BALB/c mice (25). The increased
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Fig. 3. Spontaneous production of interleukin (IL)-10 (a)
and IL-6 (b) by spleen cells. Groups of animals (n = 8)
received subcutaneous injections containing 20 pmol or
40 pmol HEMA in 100 mM NaHCOj3 once a week for
3 weeks. 5 days after the last injection, animals were killed
and individual spleen-cell suspensions prepared. After
4 days of spontaneous growth, the cytokine concentration
of the supernatants was assessed by enzyme-linked immuno-
sorbent assay. Dots denote 1 animal, and the horizontal bar
indicates the median. Mann—Whitney U-test was used for
statistical comparison (*P < 0.05, ***P < 0.005).

IL-6 production provoked by the topically
applied HEMA in the current study may reflect
the inflammatogenic properties of HEMA (26).
An increased production of IL-6 was also found
in spleen cells, following a subcutaneous injection
of 20 umol HEMA. The production was signifi-
cantly depressed by injection of 40 umol HEMA.
Whether this reflects a general toxic influence of
HEMA or a specific effect on IL-6 production
remains to be investigated. In order to clarify if
the findings in this study relate to allergenic or
irritant properties of HEMA, it would be rele-
vant to include groups treated with known strong
allergens and irritants in future studies.

Several studies have demonstrated the exist-
ence of acrylate allergy in humans, and the aller-
genic potential of, for example, HEMA has been
confirmed in studies on guinea pigs (13-15). The
difficulty to develop a mouse model for HEMA-
induced CHS has been addressed by others (14).
Even if the frequent and long-term topical treat-
ment applied in this study did not induce a
HEMA-related CHS, the findings suggest that
HEMA had actually penetrated the skin.
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