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Expression of Hsp70 and Hsp27 in lens epithelial cellsin contused
eye of rat modulated by thermotolerance or quercetin
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Purpose: To investigate the dynamic expression of heat shock protein (Hsp)70 and Hsp27 in lens epithelial cells (LECs)
of contused eyes and the effects of heat shock and quercetin.

Methods: Rat eyes were randomized into three groups: contusion, heat shock, and quercetin. Eye contusions were in-
duced by dropping a 20 g steel ball from a height of 20 cm for 100 times. Heat shock was induced by raising the core body
temperature to 40.5-41°& for 8 min, 2-3 h before eye contusion. Quercetin, an inhibitor of Hsp expression, was given
via gavage (100 mg/kg) 2-3 h before eye contusion. Experimental eyes were enucleated at 0, 1, 3, 6, and 24 h following
each group treatment for the detection of Hsp70 and Hsp27 expression in LECs using RT-PCR. Lens sections were
examined by immunohistochemistry with antibodies to Hsp70.

Results: Basic expression of Hsp70 and Hsp27 was observed in LECs. Expression of Hsp70 in LECs was increased after
contusion in a time-dependent manner. Preconditioning hyperthemi&€ (85min) resulted in a significant increase of

Hsp70 expression compared to the base level, and enhanced the expression in each subgroup in contrast to the correspond-
ing subgroup in the contusion group. However, Hsp70 levels in the 1-6 h subgroup in the quercetin group was signifi-
cantly lower. There was no notable change of expression of Hsp27 between each group. Immunostaining of Hsp70 was
prominent in LECs of contusion eyes and heat shock eyes compared with those in normal eyes. Immunostaining of Hsp70
was faint in LECs of quercetin eyes.

Conclusions: Increased expression of Hsp70 in LECs of contused eyes may play a protective role against degeneration of
lens protein. Thermal preconditioning possibly protects against lens injury by increasing the expression of Hsp70. Endog-
enous protective mechanisms may be important in eye contusion.

The lens is an indispensable part of the ocular opticahat aid in maintaining cell homeostasis under environmental
system and an important intermediate of refraction. Thus, th&tress [6-8], and this effect can be regulated by many factors.
maintenance of its transparency plays an important role iRor instance, stressors including heat shock, ischemia, oxida-
keeping normal optic function. It has been established thdive stress, pH extremes, nutrient limitation, osmotic varia-
lens transparency is maintained by the supramolecular orgen, hypoxia, chemotherapeutic agents and noxious chemi-
nization of its constituent proteins [1]. Preservation of thiscals, anoxia, mechanical trauma, ethanol, glucose deprivation.
organization is maintained by the fidelity of native proteinsand heavy metals can rapidly activate the expression of the
Quarternary protein structure depends on proper folding ajenes for Hsps and subsequently synthesize the inducible forms
newly synthesized polypeptides, and adequate protection froof Hsps. Conversely, quercetin, a bioflavonoid from gingko
environmental and pathophysiological stress [2]. One possiblgloba, regarded as an inhibitor of heat shock factor protein 1
protective mechanism suggested is the heat-shock respon@dsSF1) [9,10], can block stress-inducible Hsps induction at
which involves the transcriptional activation of a small set othe transcriptional levels.
specific genes and a subsequent synthesis of the “heat shock Previous data have demonstrated that Hsp70, a major
proteins” (Hsps) [3]. member of the Hsps family, is expressed in the lens under

It has been shown that in vivo and in organ cultures, sewnstressed conditions, suggesting normal microenvironment
eral mammalian tissues respond to heat shock or other forméthe lens is stressful and Hsp70 is continuously needed [11-
of stress by the synthesis of one or more Hsps [4,5]. Regard&8]. Further studies found that inducible Hsp70, Hsp40, and
as molecular chaperones, many of these Hsps can not olgp27 are expressed in the lens epithelium cells (LECs) un-
prevent the accumulation of unfolded or aggregated polypepler heat shock, oxidative stress, and osmotic stress [4,5,14],
tides, but they can also promote the rapid degradation of susliggesting that certain Hsps may play a part in protecting LECs
abnormal proteins. In addition, Hsps are protective proteinagainst a variety of insults that can damage or denature cell
proteins. However, whether blunt trauma (a mechanical stress
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modification on the expression of Hsp70 and Hsp27 in LECs;ontusion. Rats anesthetized in the quercetin group received
we used heat shock pretreatment to raise rat core body teguercetin (100 mg/kg; Sigma Chemical Co., St. Louis, MO)
perature and administered quercetin, an inhibitor of Hsps, vida gavage 2-3 h before eye contusion. Then, the rats were
gavage prior to inducing eye contusion. Our results show thekglled by CQ inhalation, and the eyes or appropriate ocular
are basic expressions of Hsp70 and Hsp27 in LECs of rats
We find that contusion of eyes increases the expression ¢ A
b

Hsp70inrat LECs in vivo at both gene and protein levels, an
this effect of contusion on the induction of Hsp70 synthesi
can be modulated. Preconditioning hyperthermia can enhan
the effect of contusion on Hsp70 induction, while quercetir
can attenuate the size of the inducible response. However, ¢
study also demonstrates Hsp27 levels remains unchanged
ter contusion insults.
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METHODS % HSP70
Animal handling and euthanasia: Animals were handled un- 100
der a license from Shanghai Laboratory Animal Center, Chi
nese Academy of Sciences. Rats were kept under stand:
lighting conditions with a 12:12 h light/dark cycle at room
temperatures maintained.betwee'n 21Q4All expgriments bp_ M __C __Oh 1h_ 3h 6h 24h
and procedures were carried out in accordance with the ARV
Statement for the Use of Animals in Ophthalmic and Visior
Research. Seventy-two male Sprague-Dawley rats weighir
50-100 g were randomized into three groups (n=24 each
contusion, heat shock (thermal preconditioning 2-3 h prior 7950
trauma), and quercetin groups (100 mg/kg of quercetin give500
orally 2-3 h prior to trauma). Preoperative examinations wer
performed under anesthesia with 10% chloral hydrate by ir250
traperitoneal injection (3 mg/kg). We performed slit lamp
(Haag-streit 900, Bern, Switzerland) biomicroscopic exam; 100
nations before preconditioning to exclude any other defect
such as corneal abnormality or cataract. Each group was ftc
ther randomized into six subgroups: C (control group), O h, b
h, 3 h, 6 h, and 24 h groups (according to the time that ey:
were enucleated at 0, 1, 3, 6, and 24 h following trauma).

Animal protocols: Rats were anesthetized with 10% chlo-
ral hydrate by intraperitoneal injection (3 mg/kg). Blunt traumezsg
was induced by dropping a 20 g steel ball from 20 cm heigt
100 times on the eyes of anesthetized rats. Heat shock (hyp
thermia) was induced by increasing the core body temperizgq
ture of animals to 40.5-417 by partial immersion in a wa-
ter bath (45C) [16] and remaining at 40.5-41°6 for 8 min, 100
and allowing to recover at room temperature for 2-3 h befor

B-actin
HSP70

Figure 1. Expression of Hsp70 mRNA in rat lens epithelial cells. Ir D
the contusion group), Hsp70 is expressed normally but increased 12

progressively by 1 h after eye trauma, peaked at 3 h, and decreas Quercetin group
progressively by 24 h. In the heat shock grdB] Hsp70 was ex- & 101 | —@—contusion group *
pressed higher after heat shock, increased progressively by 1 h, peaTg | |~ Heat shock group

at 3 h, and decreasing at 24 h but still remained higher than the cc
trol subgroup. In the quercetin group)( Hsp70 also increased at 1
h and peaked at 3 h, then decreased progressively until 24 h, but
densitometry value of each subgroup was lower than the control grov% 4|
D: Comparison of three groups shows the heat shock group was t §
highest and the quercetin group was the lowest. M indicates the mQ 2!
lecular weight marker. The lanes are identified as control (C) or b

the duration until enucleation for the subgroup within each group. 0-
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tissues were removed immediately. The dissection room wascommercial kit (ElivisionTM Kit, Maixin Bio). Sections were
maintained between 21-2€ during euthanization. The lenses rinsed with PBS then incubated with appropriated biotinylated
were removed from the eyes, and anterior capsule with LEGecondary antibodies for 30 min at room temperature. Sec-
were dissected and stored immediately in liquid nitrogen. tions were rinsed again with PBS before being exposed to
Reverse transcriptase-polymerase chain reaction analy-  horseradish peroxidase labeled streptavidin for 30 min. After
sis: After 0, 1, 3, 6, and 24 h of contusion, experimental ratseveral washes with distilled water, bound antibody was visu-
were sacrificed and total RNA was isolated from lenses usinglized with a DAB-nickel detection system. Sections were
Trizol Reagent (Invitrongen, Carlsbad, CA). cDNA was syn-counterstained with hematoxylin and eosin and coverslipped
thesized and subjected to RT-PCR for detecting Hsp70 anwiith a mounting medium. Slides were examined and docu-
Hsp27 mRNAs using a One-Tube Expand RT-PCR Systemmented with a microscope (Olympus, Tokyo, Japan) equipped
Kit (Roche Biochemicals, Basel, Switzerland). The followingwith bright-field illumination. Images were recorded by means
primer pairs were used: 5' Hsp70 cDNA primer (GenBanlof a digital camera (1000-Olympus DP11, Tokyo, Japan) at-
L16764), 5'-ATG AAG GAG ATC GCC GAG G; 3' Hsp70 tached to the microscope. The stained sections were exam-
cDNA primer, 5-AGG TCG AAG AT GAGCACG TTG (am- ined by tqo observers (Yan QH and Li P). Qualitative evalua-
plifying a 238 bp fragment); 5' Hsp27 cDNA primer (GenBanktion of the immunostaining (negative, faint, or increased
M86389), 5-TCA GCC AAG ACC ATG ACC G; 3' Hsp27 immunostaining) in the LECs was independently recorded by
cDNA primer, 5'-CGT GTATTT CCG GGT GAA GC (am- these two observers. Judgment of increased immunostaining
plifying a 300 bp fragment); &-actin cONA primer (GenBank was made only when both observers independently agreed.
NM_031144), 5'-GCA TTG TAA CCA ACT GGG ACG; 3 Statistical analysis: All results were expressed as
a-actin cDNA primer, 5-GCG TAA CCC TCA TAG ATG meansstandard deviation. Independent sample t-test and one
GGC (amplifying a 280 bp fragment, used as the internal stamvay ANOVA analysis (SPSS 13.0 statistical software) were
dard). Amplification was performed in a thermal cycler usingused to assess the data. A p<0.05 was considered to be statis-
the following conditions: 30 cycles of 9€ for 30 s, 56C tically significant.
for 20 s, 72C for 30 s, and 72C for 30 s. PCR products were
analyzed by electrophoresis in 0.8% agarose gels. The inten- RESULTS
sities of the amplified cDNA fragments were estimated usindReverse transcriptase-polymerase chain reaction analysis:
a video-densitometer (Kodak2000, Japan). Amplification of Hsp70 mRNA from rat LECs produced the
Histology: The eyes from normal animals and animalspredicted 238 bp signal before eye contusion in all three groups
24 h after contusion, 24 h after heat shock and trauma, and @8igure 1). Hyperthermal preconditioning significantly el-
h after quercetin via gavage and trauma were dissected, fixedated the baseline value of Hsp70 mRNA (2830 com-
with 10% buffered formaldehyde at room temperature overpared to 1.140.08, p<0.05; Figure 1B). In all three groups,
night, immersed in a series of graded isopropanol solutions{sp70 mRNA increased 1 h after contusion, peaked after 3 h,
rinsed several times with PBS, and then embedded in paraflescended gradually after 6 h, and then decreased to base level
fin. Serial 4-5um thick paraffin sections were cut along the again at 24 h (Figure 1D). Densitometry values of Hsp70 of
vertical meridian and mounted onto microscope slides. Onlthe contusion, heat shock, and quercetin groups are summa-
sections including the lens were used for immunohistochentized in Table 1. Hyperthermal preconditioning significantly
istry. enhanced the expression in each subgroup in contrast to the
Immunohistochemical analysis: Sections were corresponding subgroup of contusion group. The expression
deparaffinized, rehydrated, and pretreated with 0.3% hydraf HSP70 mRNA in the heat shock group also decreased 24 h
gen peroxide in PBS to decrease endogenous peroxidase after contusion, but it was still higher than that of the control
tivity. Sections were incubated with an anti-Hsp70 monoclonagroup. Intake of quercetin did not significantly decrease the
antibody made from inducible Hsp70 (1:200, Maixin Bio, baseline expression of Hsp70 mRNA, but significantly de-
Fuzhou, China) at room temperature for 45 min, and the prereased the expression of Hsp70 in the 1-6 h subgroups com-
mary antibodies were localized by immunoperoxidase usingared to the corresponding contusion subgroups. There was
no significant difference in the expression level of Hsp70
mMRNA at 24 h in the quercetin group when compared to that

TasLE 1. DENSITOMETRY VALUE OF HSP70 OF CONTUSION, HEAT of the contusion group. While a 300 bp PCR product of Hsp27
SHOCK,, AND QUERCETIN GROUPS MRNA was detected in each subgroup in all three groups (Fig-
Subgroup  Cont usi on Heat shock  Quercetin  Fvalue p value ure 2), there was no significant difference among them (Table
¢ 111:008 183:030 111:006 215 0 2).
D i ee ot sae oz 220018 30370 0 Immunohistochemical study: Maximal expressions of
o Lretzr 895 .002 S8 .04 138 9 Hsp70 after preconditioning were observed and localized in
24 1.32 =+ 0.54 3.14 + 0.54 1.19 = 0.05 45. 25 0

the nucleus or cytoplasm around the nucleus. The degree of
Subgroups are identified as controls (C) or by the duration untiHsp70 expression exhibited the increased level after precon-
enucleation (h) for the subgroup. The asterisks denote statisticalfitioning. In the control group (normal eyes) Hsp70 was not
significant differences between a subgroup and the control subgrogxpressed in the lens epithelium, but it was expressed strongly
(p<0.05; n=4; mearLD). in both contusion and heat shock eyes. Quercetin eyes dem-
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onstrated faint expression of Hsp70. These results conformeadggesting that Hsp70 and Hsp27 are expressed constitutively
to those of RT-PCR analysis and are presented in Figure 3.in the lens. The lens is a closed system with limited capability
to repair or regenerate itself [17]. However, the eye chamber
DISCUSSION is exposed constantly to agueous humor containing reactive
The heat shock response is one possible protective mechaeygen species (ROS) generated by light-catalyzed reactions
nism in maintaining normal microenvironment in the lens. Ouf18]. These free radicals may cause increased oxidation in tis-
results confirm the separate observations of previous studiesjes of the anterior eye segment and finally lead to oxidative
damage. Therefore, such constitutive expression of Hsp70 and
A Hsp27 in the lens may be due to continual oxidative stress.
Researchers found the presence of a nuclear matrix protein of
Oh _1h M_3h 6h 24h Hsps with significant sequence similarity to heat shock tran-
scription factor which upregulates synthesis of Hsps. Many of
these proteins act as molecular chaperones, suggesting sus-
tained heat shock protein synthesis in the mouse lens [19].
Their study further demonstrated that Hsp27 was expressed

bp_C

750 in all regions of the lens, and Hsp70 was found in the epithe-
500 HSP27  lium cells and superficial cortical fiber cells. A recent study
250 p-actin found that Hsp70 knockout mouse models showed more lens
opacity than normal mice [16]. All of these findings suggest
100 that the normal microenvironment of the lens is stressful and

Hsps, such as Hsp27 and Hsp70, are continuously needed.
Moreover, the main finding of the present study is that eye
contusion can induce Hsp70 synthesis in LECs of rats in vivo
in a time-dependent manner. In mammalian cells, Hsps are
commonly classified according to their molecular masses, for
example, Hsp90, Hsp70, Hsp60, and Hsp20 to Hsp30 KDa
(small Hsp). Most Hsps are constitutive proteins, and only
part of them can be induced by stress. For Hsp70, both consti-
tutive and inducible forms exist. Hsp70 can be induced in a
wide variety of cells such as rat islet cells, cardiomyocytes or
il H S P2 7 cultured hepatocytes in response to many stressors, and then
p-actin play an important role in keeping normal levels of protein syn-
thesis and a higher survival rate of cells under environmental
stress [20-22]. Thus, the induction of Hsp70 also suggests a
potential protective mechanism of the lens against eye contu-
sion. Furthermore, the finding that Hsp70 peaked at 3 h after
eye contusion may suggest that its expression conforms to eye
c traumatic process. In addition, our study also finds that pre-
C__0h 1h _M_3h 6h 24h conditioning hyperthermia and quercetin treatment can modu-
late the effect of this mechanical stress. Many previous stud-
ies confirmed that thermotolerance, which can be induced by
a short exposure to a nonlethal heat treatment, could enhance

C 0h 1h M 3h 6h 24h

750 Hsp70 induction and its effect of protecting cells against heat

500 HSP27

250 B_aCtm TABLE 2. DENSITOMETRY VALUES OF HSP27 OF CONTUSION, HEAT

SHOCK, AND QUERCETIN GROUPS
100 ) )
Subgr oup Cont usi on Heat shock Quercetin
c 0.298 = 0.021  0.290 = 0.012  0.295 = 0.017
0 0.278 = 0.013 0.288 = 0.017 0.280 = 0.016
1 0.300 = 0.026 0.290 = 0.022  0.288 = 0.017
. . . N 3 0.295 = 0.024 0.293 = 0.015 0.293 = 0.015
Figure 2. Expression of Hsp27 mRNA in rat lens epithelial cells. ¢ 0.268 = 0.010 0.270 = 0.008 0.300 = 0.014
Hsp27 is expressed normally in the contusiéh beat shockR), 24 0.303 = 0.021  0.298 = 0.017  0.295 = 0.006

and quercetin@) groups. The densitometry value was not different ) -~ ) ]
in each group and each subgroup. M indicates the molecular Weigﬁybgroups are identified as controls (C) or by the duration until

marker while C, 0 h, 1 h, 3 h, 6 h, and 24 h are each subgroup withfnucleation (h) for the subgroup. There were no statistically signifi-
each group. cant differences among groups or subgroups (n=4; a%2n
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or other stresses [23,24]. When undergoing thermaf@5 thermia (45°C, 8 min) regardless of whether eye contusion
15 min) stimulation, mesangial cells increase Hsp70 expresvas present, suggesting that LECs might execute
sion to protect themselves against subsequent oxidative ithermotolerance and become resistant to eye contusion. Con-
jury [25]. Heat-shock treatment also could increase light scatrersely, quercetin, an inhibitor against Hsp synthesis, also
tering and the expression of Hsp70 in bovine lenses [13]. Ardecreased the expression of Hsp70 in LECs of contusion eyes.
other study demonstrated that heating, which causedrevious data showed that quercetin was able to inhibit Hsp70
overexpression of Hsps as a result of preconditioning, showesynthesis at the transcriptional level due to the loss of HSF
obviously less lens opacity than in the control group after laphosphorylation or HSF-HSE binding activity [26]. Also, quer-
ser treatment. In this study, overexpressed Hsp70 in vivo wa®tin blocks Hsp induction and the protective effect of
found in LECs of rats as a result of preconditioning hyperglutamine and DON (6-diazo-5-oxo-L-norleucine), a

Figure 3. Micrographs showing the distribution of Hsp70 immunoreactivity in rat lens epithelium. Immunostaining of norreakajexs
Hsp70 was negative in lens epithelial cefl3 &nd the fiber cells of the lenB)(and is highlighted by arrows. Hsp70 reactivity in contusion
eyes indicated it was localized in the nucleus or cytoplasm around the nucleus, and exhibited increased immunostagnisgpittiedieal
cells C) and the fiber cells of the lenB) and is highlighted by arrows. Hsp70 is expressed strongly in lens epithelial cells in the heat shock
eye E), and faintly in lens epithelial cells in the quercetin dy)e fagnification was 400x.
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nonmetabolizable analog of glutamine [27]. Since it is comi2.
monly accepted that quercetin inhibits the syntheses of Hsps
at the transcriptional level, we propose that the induction of
Hsp70 possibly occurs at the cell transcriptional level.

In summary, our study clearly demonstrated that there w
basic expression of Hsp70 and Hsp27 in LECs of rat in vivo.
Contusion of eyes induced increasing expression of Hsp70 i
LECs in a time-dependent manner, and preconditioning hy-
perthermia and quercetin administration can modulate this
inducible effect. Together, basal expression and stress-inducé@.
induction of heat shock proteins could play an important role
in cellular protection against physiologic or environmental
stress. Further studies are required to determine the mechl%-
nism of how inducible Hsp70, even if only located in superfi-~—""
cial cortical lens regions, helps maintain lens transparencyg
during eyes contusion or thermal stress.
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