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Abstract
●   AIM : T o investigate the expression of nod-like receptor pyrin domain 3 (NLRP3) in lens anterior
capsule of Uveitis associated with cataract  and  observe the ultrastructural changes of them .  
●  
Methods: 17(22 eyes)  cases of uveitis associated  with cataract were selected a s experimental group  
and 1 0  (18 eyes)  cases of age-related  cataract   were selected a s contro l group. The expressions of
NLRP3, apoptosis-related speckle protein （ASC） and caspase-1  protein were tested  by
immunohistochemical  and  the ultrastructural changes of anterior capsul e   was observed under
electron microscope.  
●   Results: The expression of NLRP3 、 caspase-1   and  ASC  in the anterior capsu
le  of cataracts associated with uveitis was significantly higher than that of the control group, the
difference was statistically significant (p ＜ 0.05).  The apoptotic changes of lens epithelial cells in uveitis
associated with cataract were obvious, and the apoptotic changes of lens epithelial cells were mild in
age-related   cataract patients. ●   Conclusion: Strongly postive  expressed NLRP3 inflamma some   and
obvious apoptotic changes are founded in the   lens epithelial cells of patients with uveitis associat
ed with cataract, suggesting that NLRP3 inflamma some and  the apoptosis of lens epithelial cells may
play a role in the progress of uveitis associat ed   with cataract.

Background
Uveitis associated with cataract is one of the most important causes of visual impairment in
ophthalmology patients, which causes visual impairment and even blindness all over the world.
[1]Unfortunately, there is a lack of research on its pathogenesis. Human lens epithelial cells(HLECs) is the
most active cells of the lens. As a mediation barrier between crystal fibers and aqueous humor, HLECs
play a vital role in regulating ion concentration and water accumulation so as to protect the interior of the
lens. The functional change of HLECs is considered to be the cellular basis of cataract development,
which is closely related to the formation of cataract.[2]Besides, HLECs are close to the anterior chamber,
which is the most easily affected by uveitis anterior inflammation, resulting in cataracts.

Nod-like receptor heat protein domain related protein 3 (NLRP3) body is composed of procaspase-
1, NLRP3 and ASC. After the self-activation of procaspase-1. It promotes the release of inflammatory
cytokines IL-1βand IL-18, further aggravating the inflammatory response. NLRP3 inflammasome plays a
role in the  development of diabetic retinopathy, age-related cataract and other diseases. [3-4]However,
whether NLRP3 inflammasome is expressed in the anterior capsule of uveitis associated with cataract
has not been investigated in ophthalmology. Apoptosis of epithelial cells can promote the formation of
cataracts[5]. Although numerous experiments confirm this process, there are little intuitive evidence to
prove it. Electron microscope observation helps us to verify the pathogenesis.

In this study, we reserached the expression of NLRP3 inflammasome in lens anterior capsule of uveitis
associated with cataract using the anterior capsule. Immunohistochemistry and electron microscope
were used to observe the expression of NLRP3 inflammasome and ultrastructure changes in lens anterior



Page 3/10

capsule. Our studies have explored the NLRP3 expression and significative ultrastructure changes in the
anterior capsule, which suggests a new novel mechanism underlying the disease pathogenesis.

Methods
Subject  17 cases (22 eyes) of patients with cataracts associated with uveitis in the ophthalmic inpatient
department of our hospital were randomly selected as the experimental group and 10 cases (18 eyes)
ofage-related cataract patients as the control group from August 2018 to June 2019. All the anterior
capsule were obtained on posterior continuous curvilinear capsulorhexis. The factors such as diabetes,
organ injury, hypertension and age, nature of work, living environment, severity of illness, gender and
living habits were excluded. Ophthalmic examination excluded other eye diseases, and none of the above
cases had a long history of medication. All eyes were > for 3 months before operation.  

Immunohistochemical Human lens epithelial tissues were removed and immediately embedded by a
paraffin embedding machine. The embedded specimens were pre-cooled in liquid nitrogen for 2 min, and
then stored in a low-temperature refrigerator at -80℃. The paraffin-embedded sections dewaxed by
xylene were soaked in alcohol and water for the hydration and soaked in PBS. Following that, the antigen
repair was performed under the high pressure. The slices were immersed in water, poured into EDTA repair
solution, boiled and repaired about 2min. After cooling, 3% H2O2 was added to continue the incubation at
room temperature for 20min. After that, the sections were rinsed 3 times with PBS and dried, and the
primary antibody was added to incubate at 37 ℃ for 60 min. The slices were then washed off 3 times
and dried. Following that, the secondary antibody was added to incubate 30 min. Then, the slices were
washed with PBS three times and stained by DAB method. Image ProPlusV6.0 was adopted to analyze
the protein expression of NOTP, ASC and Caspase1 by optical density analysis. 

Ultrastructure under the electron microscope The anterior capsule membrane was stored in
glutaraldehyde at 5 ℃ for 24 hours. Afterwards, the membrane was rinsed in PBS buffer solution and
fixed in 1% osmium tetroxide. Following that, the membrane washed off was dehydrated by ethanol, fixed
and embedded. Further, the repaired embedded block was sliced into ultra-thin sections, with a thickness
of 70nm and taken out by a copper mesh. Ultimately, the sections were stained with electron (lead and
uranium) and observed under an electron microscope.

 

 

Statistical analysis Statistical analysis was performed using the SPSS 20.0 statistical software. All data
were expressed as mean±standard deviation (SD). Differences were analyzed by paired t-test and ANOVA
and considered statistically significant at P<0.05.

Results
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Caspase-1 expression: the expression of caspase-1 in the lens anterior capsule of the lens in uveitis
complicated with cataract (Figure 1 A) was significantly higher than that in the lens anterior capsule of
the lens in age-related cataract (Figure 1 D), and the difference was statistically significant (P < 0. 05).

ASC expression: the expression of ASC in the lens anterior capsule of lens in uveitis complicated with
cataract (Figure 1 B) was significantly higher than that in the lens anterior capsule of lens in age-related
cataract (Figure 1 E), and the difference was statistically significant (P < 0.05).(table 2 for data)

NLRP3 expression: NLRP3 is positively expressed in lens anterior capsule of lens inage-related cataract
and uveitis complicated with cataract, but NLRP3 expression is significantly higher in lens anterior
capsule of lens in uveitis complicated with cataract than in lens anterior capsule of lens in age-related
cataract (Figure 1 C and Figure 1 F), the difference is statistically significant (P < 0.05);

Table 1 The comparison of optical density values of NLRP3, caspase-1 and ASC in the two groups（`x±s，OD）

Group NLRP3（`x±s） Caspase-1（`x±s） ASC（`x±s）
The experimental group

0.384±0.067a0.321±0.057a0.337±0.037a
The control group 0.331±0.085 0.270±0.044 0.259±0.038

t value 2.222 3.114 6.562
P value 0.032 0.003 0.000

Note: a means P < 0.05

Ultrastructure observation of lens anterior capsule of lens in uveitis associated cataract and age-related
cataract under electron microscope

In the lens epithelial cells of patients with uveitis complicated with cataract, obvious nuclear pyknosis
was observed, chromatin was condensed and edge set, cell nuclear membrane was folded and slightly
widened, mitochondrial morphology was basically normal, part of mitochondrial crest disappeared. In the
nucleus of lens epithelial cells of age-related cataract, chromatin concentration and marginal collection
were also observed. Nuclear pyknosis was mild compared with the experimental groupand mitochondrial
morphology and mitochondrial crest are in normal.

Discussion
In the lens, previous studies indicate that oxidative stress conducts a pivotal role in the occurrence and
progress of age-related cataracts[6].Moreover, the abnormality of lens epithelial cells is the basis of the
progress of cataract. At present, oxidative stress induced by H2O2 can promote the formation of cataract.
[5]Furthermore, oxidative stress can facilitate the activation of NLRP3 that leads to processing and
secretion of the proinflammatory cytokines IL-1b and IL-18. Increasing studies have found that the use of
H2O2 to induce oxidative stress can accelerate the activation of IL-1β mediated by NLRP3, thereby
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promoting the development of cataracts. [7-8]Our study proved that NLRP3 was expressed in lens
epithelial cells of age-related cataract, suggesting that it may conduct a role in promoting the
development of age-related cataract.

The pathogenesis of uveitis remains unclear, but it is believed that the most common cause of
inflammation is autoimmune response.In addition, the uveitis has been confirmed to be related to a
variety of cytokines, including IL-1, IL-6, IL-8 and IL-23, among which IL-1βis mainly derived from NLRP3.
Therefore, NLRP3 inflammasome has been verified to be related to the occurrence and progress of
uveitis. [9-10]What’s more, IL-1β can promote the production of VEGF. The content of VEGF was increased
in aqueous humor and serum of patients with cataract. [11 XOMA 052 anti-IL-1β antibody can effectively
treat acute and aggravated drug-resistant Behcet uveitis and IL-18 is related to the occurrence of Behcet
and disease activity. [12]In the aqueous humor with HLA-B27-related uveitis, the content of IL-18 was
increased and correlated with aqueous flare. [13-14]HLECs is close to the anterior chamber and iris. IL-1
promotes leukocyte recruitment and might initiate apoptosis as a potent extracellular stimulator[15]. In
this study, it was found that the expression of NLRP3 in anterior capsule of cataract patients was higher
than that of senile cataract. It was speculated that HLECs was close to the anterior chamber and iris, and
NLRP3 in aqueous humor of uveitis patients may transmit exogenous IL-1β through aqueous humor to
stimulate HLECs, thereby accelerating the cataract. But this mechanism needs further experimental
confirmation.

It was found that the apoptosis of lens epithelial cells was involved in the mechanism of cataract
patients with exfoliation syndrome. [16]The apoptosis-related proteins were abnormally expressed in lens
anterior capsule of age-related cataract.[17]Moreover, apoptotic lens epithelial cells damaged the function
of organelle, which affected the barrier protective effect of regulating ion and water accumulation. In this
study, it was found that under an electron microscope the apoptosis of lens epithelial cells in patients
with complicated cataract was more obvious than that in patients with senile cataract, accompanied by
the high expression of NLRP3, which may be related to the fact that the high concentration of NLRP3
promoted the apoptosis in patients with cataract.

The pyroptosis is a kind of rapid inflammatory cell death, which is characterized by the early formation of
cytomembrane pore and cell permeability expansion.[18] Besides, the apoptosis is the main mode of cell
death, which is considered to be immune silencing and maintains the completeness of cytomembrane
until the cell is engulfed. It’s worth noting that NLRP3 plays a crucial role in both the pyroptosis and
apoptosis. [19]AIM2(absent in melanoma-2) and NLRP3 activate caspase-8 and caspase-1, leading to
apoptosis and pyroptosis.Additionally, the balance between apoptosis and pyroptosis depends on the
concentration of DNA. Given that the pyroptosis may also be one of the mechanisms of cataract[20],
NLRP3 may promote the development of cataract both by the apoptosis and pyroptosis. The apoptosis
dependent on caspase-1 is first initiated through ASC, and ASC is necessary for all caspase
fragmentation. Besides, ASC is a key molecule involved in the synthesis of procaspase-1 and procaspase-
8 and plays an important role in the pyroptosis and apoptosis.[19]It is not difficult to understand the high
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positive expression of ASC in anterior capsule of the cataract. The pyroptosis features the obvious
swelling of cells and formation of cell pores. There are little reports on ultrastructural changes of anterior
capsule cells in patients with cataract under electron microscope, and the further study is needed in the
future.

ATP and intracellular K ion efflux can induce the activation of NLRP3 inflammasome, both of which are
abundant in cells.[21-22]NLRP3 can promote the pyroptosis by activating Caspase-1, which can damage
the plasma membrane and expose the contents of cytoplasm. By this manner, ATP and potassium ions
will flow out with the process of pyroptosis, thus further activating NLRP3 inflammasome. This
mechanism may be another reason for the high positive expression of NLRP3 inflammasome.

 This research was limited due to the sample size enrolled in this experiment is relatively small result from
the limited number of cases.

Conclusion
During the development of Uveitis associated with cataract, the expression of NLRP3 inflammasome
increases. Generally, the apoptosis is a vital feature of anterior capsule changes in patients with cataract.
Hence, our data indicate that NLRP3 inflammasome may be involved in the development of cataract by
promoting apoptosis. It’s imperative to collect a larger sample to further validate our results. Complex and
multiple factors is involved in the development of uveitis associated with cataract , and its underlying
mechanism remains far from being fully clarified. This study can provide new direction in its reserach
and treatment of preventive measures.
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Figures

Figure 1

The expression of NLRP3 inflammasome in lens anterior capsule of each group detected by
immunohistochemistry. A Expression of caspase-1 can be seen in the experimental group. B Expression
of ASC can be seen in the experimental group. C Expression of NLRP3 can be seen in the experimental
group. D Expression of caspase-1 can be seen in the control group,lower than that in the group A. E
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Expression of ASC can be seen in the control group,lower than that in the group B. F Expression of NLRP3
can be seen in the control group,lower than that in the group C.

Figure 2

Ultrastructure changes in lens anterior capsule of each group A: apoptotic changes in lens epithelial cells
are seen in patient with uveitis associated with cataract, with chromatin condensed and edge set
(Indicated by the arrows)，part of mitochondrial crest disappeared（Indicated by an asterisk）. B: apoptotic
changes were also observed in the control group, but some changes were mild compared with the
experimental group


