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Upregulation of HSP90 in the Tongue Tissue of Rats Exposed to Methyl Methacrylate
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Abstract: Exposure to Methyl Methacrylate (MMA ) has been associated with several adverse effects including
sensitivity reactions and inflammations. The objective of the present study was to explore the impacts of
exposure to MMA on the tongue tissue of rat. The methodology involved the design of an experimental model
of two groups control group (N = 10) and experimental group (N = 10). Experimental group rats received MMA
0.3 mgkg™" bedy weight every day for 30 days. After the end of experiment, indirect immunoproxidase staining
was carried out to study the expression of HSP9O in the tongue tissue of all rats. Study findings showed that
the exposure of MMA increased significantly (p = 0.001) the expression of HSP90 in the tongue tissue of
exposed rats. Taken together, the results of the present study demonstrated molecular impacts due to the
exposure of MMA through the upregulation of HSP90 in the tongue tissue of exposed rats.
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INTRODUCTION

Methyl Methacrylate (MMA) is widely used in
dentistry as a dental prosthetic and it is considered as one
of the contents m acrylic resin of dentures as residual
monomer (Keyt and Keyf, 1998). MMA has exhibited the
ability to induce various adverse effects mcluding
irritation, inflammation and allergic response of the oral
mucosa (Giunta et al., 1979; Syed et al., 2015). Other
studies reported that MMA has the capability to induce
stomatitis and an angular cheilitis (Stoeva et al., 2008,
Batchelor and Todd, 2010; Johns ef al., 2014).

Side effects associated with the use of MMA have
been reported through several studies to include contact
dermatitis (Goon ef al, 2006, Aalto et al, 2007),
respiratory distress (Sokmen and Oktemer, 1988;
Gosavi et al, 2010) and cardiovascular effects
(Gosavi et al., 2010).

Heat Shock Proteins (HSPs) are a group of synthetic
proteing that their levels are elevated as a response to
variations in the environmentaltemperature (Elsaad et al.,
2016). HSPs have other physiclogical functions based on
their molecular weight in which HSPs are classified mto
HSP10, HSP40, HSP70, HSP90 and others (Elsaad et al.,
2016). In general terms, HSPs have activities as
chaperones and involved in certain cellular functions
including protein folding, assembly, controlling cell cycle
and offering anti-stress protection (Scheibel and Buchner,
1998).

HSP90 has been found since its discovery to be
highly expressed in response to heat stress and it 1s one
of most available proteins, approximately 1-2% of total
proteing in eukaryotic cells (Picard, 2002). The HSP90 has
two isoforms: inducible HSP90u and constitutive HSP20B
(Taityab and Rao, 2011; Young et al., 2001). In their study,
Zhang et al. (2015) found that HSP90 was highly
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expressed mn liver cells and in serum as a response to
exposure to benzene. The study of Biaoxue et al. (2014)
found that overexpression of HSP90 in lung cancer
compared with control significantly (p<0.05). According
to Hojlund ef al. (2003), the upregulation of HSPS0 has
been involved in several pathologies including skeletal
muscles of diabetic patients, cardiac tissue of diabetic rats
(Atalay et al., 2004), atherosclerosis (Kilic and Mandal,
2012) and idiopathic inflammatory myopathies
(Paepe et al., 2009).

The tongue has been described to be made mainly of
skeletal muscle (Abayomi ef al., 2009). The liming mucosal
layer of the inferior surface 1s characterized by being thin,
smooth and similar to the remaining parts of the oral
cavity. The mucosal layer of the pharyngeal part of the
dorsum has lymphoid follicles (Burkah et al., 1993). The
tongue has physiological functions including moving
food m the mouth, in addition to sensory and secretory
functions (Burkih et al., 1993).

The present study was conducted in the light of lack
of the studies that targeted the impacts of exposure to
MMA on the tongue as a part of oral cavity.

Study objectives: The main objective of the present study
1s to study the expression of HSP90 in tongue tissue of
rats exposed to MMA.

Study question

The main question of the present study is: Does the
exposure of rats to MMA mduce upregulation of HSP90
1n tongue tissue?

Study hypothesis

The main hypothesis of the present study states that: the
exposure of rats to MMA does not induce upregulation
of HSP90 in tongue tissue.
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MATERIALS AND METHODS

Animal preparation: Two groups of Wister rats (N = 10),
welghing at average 180 g were chosen randomly and
assigned as control group (N = 10) and experimental
group (N = 10). One cage was used for each group of
animals. We followed standards in treating animals before
initiating the experiments so that the two groups of
animals were placed in the room where experiments were
planned to occur for 1 week and during that time, both
groups of ammals received standard diet and water.
Amnimals in each group were labeled either “C” for Control
or “E” for Experimental group. According to control
group, rats were given serial munbers as C1-C10 and in
experimental group, rats were given serial numbers as El-
E10.

Experimental model: Experimental group rats received
MMA, freshly prepared, 0.3 mg kg™' body weight every
day for 30 days. Rats in control group continued receiving
standard diet and water. After 30 days, all animals were
scarified using ethylene i certain chambers in which rats
were exposed to ethylene soaked cotton for 5 min.
Tongues from all rats were removed and placed in labeled
containers, filled with 10% formalin for 24 h for fixation.

Immunohisto chemistry: All tongue samples were
processed m tissue processor in which several steps from
fixation, dehydration infiltration
completed. Tongue tissues were embedded in paraffin and
then cut by rotatory microtome (4 p thickness) on charged

and were

slides.

Indirect immunoperoxidase staining was carried out in
tongue tissues. Sections of tongue tissues were
deparatfinized through heating slides in an oven at 65°C
or 60 min. After that, sections were immersed in xylene for
5 min (2 chnges), then passed through decreasing
concentrations of Alcohol (100-70% ethanol) to distilled
water. To minimize endogenous peroxidase activity,
sections were treated with 3% hydrogen peroxide in
methanol for 10 min, thensections were washed in
phosphate buffer saline (pH 7.2) for 5 min, then sections
were treated with 1% albumin to mimmize non-specific
reactions for 10 mm. To mimmize the fixation effect of
formalin and expose the tissue antigens for reaction with
anti-sera in coming steps, sections were heated using
reveal solution (Biocare medical) for 4 cycles using
microwave, 2 min each cycle. After that, slides were
washed using phosphate buffered saline (pH 7.2).
Antibody against HSP90 (Santa cruz biotechnology) was
diluted 1:100 and incubated for 1 hr n a humid chamber
with tissue sections. After that, slides were washed with
phosphate buffered saline (pH 7.2) for 5 min, then treated
with bictinylated secondary antibodies for 30 min, washed
with phosphate buffered saline (pH 7.2) for 5 min, then
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incubated with streptavidin conjugated with horseradish
peroxidase enzyme for 30 min, then washed with
phosphate buffered saline (pH 7.2) for 5 min. To visualize
the reaction, clromogen (diaminobenzidine) with 3%
hydrogen peroxide was added for about 3 min to detect
the color of reaction as brown at antigemic sites. After
that, slides were washed with tab water to stop the
reaction, stained with hematoxylin as a counter stain for
30 seconds, then dehydrated through increasing
concentrations of alcohol (70-100% ethanol).

Interpretation of the results:Slides were assessed using
Adopyphotoshop  Software Version 7.2, Photos for
sections were taken and divided mnto pixels. The total
number of pixels was computed and represented both
colors (blue and brown), then the brown color (the color
of the marker under study) was computed and divided by
the total number of pixels (Al-Khatib, 2013). The
expression of HSP90 was compared between groups using
independent t-test. p<<0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Expression of HSP90 in control and experimental
group. As seen in Table 1 and Fig. 1 the expression rate
of HSP90 in control group and experimental groups were
demonstrated and showed that the average expression
rate for HSP90 was 0.0520 and that for expenimental group
was 0.1037. The statistical significance of the expression
of HSP90 between experumental and control groups. As

Table 1: The expression rate of HSP90 in experimental and control groups

Control group Experimental group
0.02 0.080
0.04 0.150
0.03 0.098
0.05 0.120
0.09 0.089
0.01 0.078
0.04 0.096
0.06 0.099
0.08 0.670
0.10 0.160

Awverage expression rate = 0.0520; 0.1037

0.18
016
0.14

0.12

o1
0.08
0.06

Al

0.04

o

Fig. 1: The expression of HSP90 for each rat in study
groups
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Table 2: The expression of HSP20 in experimental and control groups

Expression Confidence interval at 95%
Groups M SD F-value t-value df Lower Upper p-values
Control group 0.0520 0.03011 0.007 -3.802 18 -0.080 -0.023 0.001
Experimental group 0.1037 0.03069
012 CONCLUSION

0.1
0.08
0.06
0.04

0.02

Experimental group

control group

Fig. 2. The average expression rate of HSP90 in control
and study group

seen 1 Table 2 and Fig. 2, the expression of HSP90 in
control group was 0.0520+0.0301 and the expression of
HSPO0O was further increased due to the exposure of
MMA (0.1037+0.03069). This variation in expression was
statistically significant, based on independent t-test,
(F=0.007, T =-3.802, df = 18; p = 0.001).

The present study was conducted to explore the
mnpacts of exposure to MMA. Exposure to MMA has
been shown to widely among population either as
patients or as workers (Keyf and Keyf, 1998). Because of
the exposure to MMA is usually via the oral activity or
nasal routes, the tongue was selected to be studied in the
present study since it has a good mobile size which gives
a relatively good exposure.

The results of the present study showed that
exposure to MMA induced upregullation of HSP30 in
tongue tissue significantly compared with control group
(p = 0.001). Accordingly, the study hypothesis “the
exposure of rats to MMA does not induce upregulation
of HSP90 in tongue tissue” 1s rejected and the alternative
hypothesis “the exposure of rats to MMA induces
upregulation of HSP90 in tongue tissue” is accepted.

Although, the exposure to MMA has been associated
with various adverse effects as mentioned previously, no
previous studies, up to the best knowledge of researcher,
have been reported i literature to describe the expression
of HSP90 in the tongue of MMA exposure in rats.

Because the overexpression of HSP90 has been
described in various pathological conditions such as the
exposure to benzene (Zhang et al., 2015), lung cancer
(Biaoxue ef al, 2014) and others, we think that the
assessment of HSP90 levels would benefit patients,
particularly those involved in dental laboratories and
dental patients.
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The results of the present study demonstrated
molecular impacts due to the exposure of MMA through
the upregulation of HSP90 in the tongue tissue of exposed
rats.
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