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Abstract
Background: Human lens cells have a long lifespan and so must
maintain cell survival networks with regulate biological processes
including gene expression and regulation. The purpose of this study
was to identify mRNA transcript differences in the transparent and
cataractous human lens.
Methods: The expression of 25 genes was examined at RNA level
in human lenses, including miRNA-205, miRNA-137, and mirlet-7A. All
genes were isolated from 9 subjects with senile cataractous lenses and
5 subjects with transparent lenses as a control. The gene expressions
were determined by methods of Real Time PCR (qRT-PCR). All genes
were normalized to internal control by using Gapdh gene expression,
and the calculations were based on the 2-∆∆Ct method.
Results: Seven genes had lower levels of expression in the samples
from cataractous lenses (p21, p27, Cox2, CygB, Mirlet-7A, Caspase-3
and CryAA) and 5 genes had higher levels of expression in cataractous
lenses (Mir-205, SIRT3, HSP60, miR137 and Akt). The remaining 13 were
not significantly different.
The increasing of Sirt3, Hsp60, and Akt in cataractous lens
suggested these genes protected and maintained lens cells survival
and both miR-205 and miR-137 might also involve in lens cell survival
networks. These two microRNA different profile from miR-7A that
was down-regulated. Interestingly, increasing of Hsp60 indicated
the inflammatory reaction or immune reaction might be involved in
pathogenesis of cataract.
p21 and p27 were down-regulated in cataractous lens, suggested
the role of these genes in maintaining cell senescent decreased.
Interestingly, the CygB was down-regulated in cataractous lens, this is
also indicating hypoxic may be one of the risk factor in cataract.
Conclusion: Collectively, our data showed that of 25 detected
gene expressions in cataractous lens, 13 genes were different
from transparent lens. Interestingly, the Hsp60 might be associated
with inflammatory reaction or immune system and CygB might be
associated with hypoxic state of lens cells, suggested both Hsp60 and
CygB were important in pathogenesis of human cataract. In addition,
miR-205 and miR-137 expressions that were increased strongly in
cataractous lens and decreasing of mirlet-7A indicated that these
three miRNAs involved in cell lens network regulation.

Abbreviations
ROS: Reactive Oxygen Species; HSTF: Heat Shock Transcription
Factor; ERSS: Endoplasmic Reticulum Stress Signal
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Introduction
To analyze the functional changes of human eye lens at the
molecular level, we need to determine mRNA transcripts as molecular
indicators for early detection of senile degenerative diseases, including
of human eye lens cataract. For this purpose, we need to take both
specific and the other related genes expressions of lens into account,
and also to analyze the involvement of related signaling networks.
The changes in gene expression in human lens can cause a variety of
clinical impacts, including a cataract, which in this study, we attempt
to learn more about the expressions and further develop the molecular
network of 25 genes expression associated with the cataractous lens.
Several stimuli such as oxidative, radiation and temperature variation
contribute to the cataractous lens [1-3]. However, no information
about inflammation and another injured stimuli, including hypoxic
condition were reported, those all might be accumulating throughout
the human life impacting eye lens functions. As protein synthesis
is an important cell function, the existing mRNA transcripts play a
central role in most cell responses, including in lens cells.
In the current study, we identified 25 gene expressions at mRNA
level including miRNA differentially expressed in transparent
and cataractous lens. Micro RNAs (miRNAs) are a class of short
endogenous RNA (~ 22 nt) that regulate a wide range of biological
processes, including their expressions to maintain the eye lens
functions. Over the past decade, both in vitro and in vivo analysis have
shown that micro RNAs (miRNAs) is essential for gene expression
regulation [4]. The regulation is to degraded the mRNA or repress
the translation.
To explore the possibility that miRNAs might be partly of the
several genes suppression network, we examined miRNA 205,
mir-137 and mirlet-7A expression profiles in the cataractous and
transparent lens, beside another 22 genes (Hsp70, TNFα, Grp78,
Sirt1, Sirt3, CryAA, p27, Ucp1, NFκB, p53, Caspase-3, GSR, CygB,
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p21, Hstf, Hsp60, Cox2, Rip1, Beclin1, GSS, E-Cadherin, and Akt1)
expressions. MiR-205 is now known to play a fundamental role in
epithelial biogenesis and maintenance [5,6] and has been widely
studied in a number of settings [7], however, there have not been
reported the expression of miR-205, miR-137 in cataractous lens, and
mirlet-7A has not yet concluded too.
For these purposes, both cataractous and control mRNAs were
reverse transcribed under certain condition in which the reaction was
normalized to certain equal amount of RNA extract. The response of
eye lens cells to microenvironment changes is a useful symptom to
study complex cellular process in aged cataractous lens. In this study,
qualitative analysis of 25 different genes could be grouped into their
response associated with their multicellular function, such as general
cell survival (Akt and Cox2), cell senescent (p27, p21), cell adhesion
(E-Cadherin), cell aging signals (Sirt1, Sirt3), cell death (p53, Rip1,
Beclin1, Caspase-3), thermal induced signals (Ucp1, Hstf, Hsp70),
oxidative signals or ROS production signals (CryAA, GSR, GSS),
inflammation signal (Hsp60, TNFα, NFκB), hypoxic signal (CygB),
endoplasmic reticulum stress (Grp78), and the three miRNAs (miR205, miR-137, and mirlet-7A).
It has been known that the lens cells of the human eye are very
long term survival, it can be decades of years. It has been reported
[8,9], that in the center and in the fiber cells of the human eye lens in
the old person contains the same cells as those when the person was
born. Even though the fiber cells still contain many proteins while the
cells have not enough organelles anymore. How lens cell maintains
the existing protein molecules in long time period and contributing
the maintenance of cell survival. The cellular architecture and
arrangement of fiber cells and particularly their structure are critical
for light transmission and lens transparency [10]. Although gene
expressions at the protein level have been reported [2,11] in the
eye lens cells, but the mechanism how cells maintain their protein
is still unknown. In that regard, we intend to conduct the research
on the role of RNA and miRNAs genes expression in lens cells both
in transparent and cataractous lens and created a biological network
that can explain the mechanism of the cell to be survived. Therefore,
the purpose of this study is to analyze the presence of mRNA
transcripts of 25 genes by Real Time PCR (qRT-PCR) associated with
the multicellular functions.

Materials and Methods
Human lens specimens
Patients were age 40-79 years old (n=9) diagnosed with cataract
NC4 senilis up to NC6 (NC = nuclear cataract) and 5 non-cataract
patients with age 40-79 years old were use as control (transparent
lens). These 5 patients suffer from High Myopia (>10.00 D/seq) who
needed refractive surgery intervention (clear lens extraction). This
decision was made based on pre surgical diagnostic evaluations:
less corneal thickness, decreased endothelial cell count, and narrow
anterior chamber depth, leading to LASIK procedure and other
refractive interventions could not be chosen. Lens material was very
soft, for that the lens extraction were performed by making 4.5 mm
scleral incision. These lens material were usually disposed, but in this
study we collected them after gaining approval from the patient to be
obtained as control (transparent lens) in our study. Both senile cataract
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and the control were not suffered from diabetic and another diseases
causing lense cataract. Human lens specimens were obtained from
lens during cataract surgery by means of the small incision cataract
surgery (SICS) after informed consent at the National Eye CenterCicendo Eye Hospital Bandung-Indonesia. By this method the cortex
and the nucleus of the lens were taken and put into Eppendorf tube
containing RNA later (Ambion, USA). The specimen has to be soaked
completely in the RNA later solution. Then the lens specimens were
stored at -20 °C. The next day the specimens were subjected to RNA
preparation. This study was approved by the Research Ethic Board of
Faculty of Medicine, Universitas Padjajaran, Bandung-Indonesia (the
ethical number: 545/UN6.C2.1.2/KEPK/PN/2014).

RNA preparation
RNA extractions were carried out by homogenizing the
subcapsular material of lens tissues containing fiber cells [9] in trizol
reagent (Invitrogen, USA) from which total RNA was obtained. The
homogenized solution was centrifuged at 14,000 g using column
tube according to the manufacturer’s instructions. RNA pellets
were recovered and purified by phenol-chloroform extraction and
ethanol precipitation then was diluted with TE Buffer pH 8.0. Total
RNA purity, quantity, and quality were checked by NanoDrop
spectrophotometer ND-1000 (Thermo Scientific, USA). The RNA
solution was ready for Real Time PCR (qRT-PCR) (Kappa Biosystem,
USA).

Real time PCR (qRT-PCR)
The expression levels of mRNA and microRNA were determined
using the 1 step qRT-PCR kit according to the manufactures
instructions (Kapa Biosystem, USA). The primers consisted of
forward and reverse sequences for Hsp70, TNFα, Grp78, Sirt1, Sirt3,
CryAA, p27, Ucp1, NFκB, p53, caspase-3, GSR, miR-205, miR137, mirlet-7A, CygB, p21, Hstf, Hsp60, Cox2, Ripk1, beclin1, GSS,
E-cadherine and Akt1 (Table 1). The primers were designed based
on NCBI Referrence Sequence. The qRT-PCR reaction was subjected
to reverse transcription (RT) for 5 minutes at 42 °C, followed by
inactivation of the RT enzyme at 95 °C for 3 minutes and the cycle
of PCR for 40 cycles. The circle consisted of 95 °C of denature (30
sec); 60 °C of annealing (20 sec) and 72 °C of extensions (20 sec).
The result can be seen in the form of threshold cycle (Ct curve) by
applying the relative changes in targeting genes expression [12]. Ct
(threshold cycle) is reported as the PCR cycle number that crosses an
arbitrary placed signal threshold [13]. The average Ct was calculated
for both target gene and internal control (Gapdh) [14] and the ∆Ct
was equal to the difference in threshold cycles for target and Gapdh
(Ct target–Ct Gapdh). Gene expressions was then calculated as 2-∆∆Ct.
We categorized the Ct values varying from 15 to 40; 15-20 was very
high expression; >20-25 was high expression: 25-30 was moderate
expression; >30-35 was low expression, and >35-40 was very low or
no expression. We also adapted the possibilities of genes expression
under 15 of Ct value, called over-expression. All these categories were
confirmed with gel electrophoretic data.

Results
In an effort to understand the changes of biological functions of
eye lens and cell signaling networks, we establish gene expressions
both in transparent and cataractous lenses by analysis the mRNA
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transcripts. The mRNA transcripts were determined by Real-Time
PCR, which identified 26 genes expressions (including Gapdh) using
26 primers oligonucleotide synthesis (Table 1) and data evaluation
results in threshold cycle (Ct) value. The mean Ct values for both
cataractous and transparent lens were determined at the same time
and the amount of the transcripts = 2-∆∆Ct. By using Gapdh as a
reference gene [14] we determined ∆Ct that is equal to the difference
in threshold cycle (Ct) for target and reference gene [12]. The
expression were studied and completed by analyzing the Ct values of
25 gene expressions compared to Gapdh expression of human lens
cataract and transparent lens. In Table 2, the variations of expressions
were divided into 5 categories. These categories were needed to know
how far the gene expressions shift their profiles from transparent to
the cataractous lens. Of the 25 gene expressions in cataractous lens,
2 genes (beclin1 and mirlet-7A) were very low expressions, 9 genes
(Hsp70, E-cadherin, Caspase 3, Sirt1, p21, Ripk1, Cox2, CygB and
p53) were low expressions, 5 genes (p27, mirlet-137, GSS, Ucp1 and
NFκB) were moderate expressions, 4 genes (GSR, mir-205, Grp78,
Akt) were high expressions, and 2 genes (Sirt3 and CryAA) were very
high expressions, but it was not found the over expression gene as
in the transparent lens. The profile of miRNA expressions was also
shown that miR-205 and miR-137 were increased 40 and 13, 4 fold,
respectively, but the miR-let-7A were 3 fold decrease. Of six thermal
induced signal genes, 4 genes (Ucp1, Hstf, Hsp70, and Grp78) were
not significant different, but they showed the relative fold changes
trend decreased. Interestingly, the other two thermal genes (Hsp60
and CryAA) were significant different. Hsp60 was up-regulated
whereas CryAA was down-regulated. Hsp60 was 7,8 fold increase in
cataractous lens compared to transparent lens.

In Table 3, of 25 gene expressions showed that 5 genes were upregulated expressions (miR-205, Sirt3, Hsp60, miR-137, and Akt)
(p<0,05), 7 genes were down-regulated expressions (p21, p27, Cox2,
CygB, mirlet-7A, caspase3, and CryAA) (p<0,05), the remaining 13
(Hsp70, GSS, Ucp1, E-Cadherin, Sirt1, TNFα, p53, Rip1, beclin1,
NFκB, Hstf, GSR, and Grp78) were not significant different (p>0,05).
The two largest decreases in expression among the 7 genes were the
p21 and Caspase 3. The largest increase among the 5 up-regulated
genes was Sirt3. The Sirt3 expression was associated with cell aging
signal which in this study different trend with Sirt1. Here, the Sirt1
was low expression. Gene maintaining cell survival was represented by
Akt that was up-regulated. Cell proliferation was maintained by Cox2
that in this study was down-regulated. In this study, miR-205 and
miR-137 up-regulated but mirlet-7A was down-regulated suggested
mirlet-7A different mechanism from the other two miRNAs. Hsp60
gene expression is important for immune response that in this study
increased. From these 13 gene expressions showed that the Ucp1
was ~ 8- fold increase in cataractous lens. This gene codes protein
producing heat in mitochondria. In addition, Sirt1 was ~2,6-fold
decrease, while NFκB was ~4,0-fold increase. CygB that was downregulated in cataractous lens should be noticed, it might be related to
the hypoxic state of lens cell. Interestingly, p53, Caspase-3, Rip1, and
beclin1 gene inducing cell death signal were low expressions.

Discussion
Analysis of 25 genes expression was determined based on the
2-∆∆Ct method variated from the lowest to the highest expression
(Table 2). Further analysis, we observed 25 gene expressions, 5 genes

Table 1: Primers used for Real Time (qRT-PCR) and Conventional RT-PCR.
Gene

Forward primer (5’-3’)

Reverse primer (5’-3’)

Gapdh

TGTTCCAATATGATTCCACCCAT

AGCCACACCATCCTAGTTGC

Hsp70

TCTTGTGTGGGTGTTTTCCA

CACCACCATAAAGGGCCAAT

TNFα

GAGCTGAGAGATAACCAGCT

CGTTTGGGAAGGTTGGATGT

Grp78

GAGGACAAGAAGGAGGACGT

GAACGGCAAGAACTTGATGTC

Sirt1

ATGAGGAGGATAGAGCCTCA

CTTGACCTGAAGTCAGGTATT

Sirt3

AAGTGTTGTTGGAAGTGGAG

AGCTCCTTGGCCAAAGTGAA

CryAA

TCGTCATCTTCCTCGATGTG

GAAGCAAAGGAAGACAGACAC
AGCTCCTGACTCACTTCAGG

p27

CTGCGCTATTTCCAGGCTGC

Ucp1

GAAGGGCGGATGAAACTCTA

GTGTAGCGAGGTTTGATTCC

NFkβ

GTTATGTATGTGAAGGCCCAT

TGTCACATGAAGTATACCCAG

p53

TCTGAGTCAGGAAACATTTTC

CTGGGAAGGGACAGAAGATGA

caspase 3

ATTGTGAGGCGGTTGTAGAA

CATGTATGATCTTTGGTTCCAA

TGGCTTTCCAAGTTGAGG

CTGCATGGCCACGGATGATT

GSR
miR-205

AAAGATCCTCAGACAATCCA

TGTCAGCTCCATGCCTCCTG

miR-137

TCCTCTGACTCTCTTCGGTG

ACAGAGCTGCAGAAATCAGG

mirlet-7A

TGGGATGAGGTAGTAGGTTG

TAGGAAAGACAGTAGATTGTTA

CygB

GGTGAGGTTCTTTGTGAACT

AGCACAGAGGACACCTTGTC

p21

CGCTCTACATCTTCTGCCTT

AACCTCTCATTCAACCGCCT

Hstf

TTCAAGCACAACAACATGGCC

AGCCTCATTCTCATGCTTCAT

Hsp60

CAGTGCTGAAGTAGCGAAAC

GGAGGGATAGAATTGAGAAG

Cox2

CCCTTGGGTGTCAAAGGTAA

GCCCTCGCTTATGATCTGTC

Ripk1

CCAGTGACTTCCTGGAGAGT

ATCATCTTCGCCTCCTCCAA

Beclin 1

CAGAACTACAAACGCTGTTTG

TGTATTCTCTCTGATACTGAGC

GSS

CAGTGTCCTGAGTAAGACCA

AGCAATCAGTAGCACCAGAG

E-Cadherin

GACGCCGAGAGCTACACGTT

GGAATAACCCAGTCACTCTT

Akt1

CAAGAATGATGGCACCTTCA

GGATGATGAAGGTGTTGGGC
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Table 2: Ct value determined for 25 transcripts in total RNA samples from transparent and cataractous lenses. The order of 25 targeting genes was placed in the order
from lowest to highest based on their Ct values compared to Ct of Gapdh. The ∆Ct was the differences between the target gene and the Gapdh Ct value. Negative
delta Ct (-∆Ct) indicated a higher expression than Gapdh and positive delta Ct (+∆Ct) indicated a lower expression than Gapdh. ∆∆Ct = ∆Ct (target gene) - ∆Ct
(Gapdh). Calculation of data was adapted from Livak and Schimttgen [12].

Targeting genes in

GAPDH Ct

∆Ct

genes Ct

transparent/
Cataractous

∆∆Ct

+∆Ct

Categories of
expression based
on the Ct value

2-∆∆Ct

(avg. target gene Ct - avg. GAPDH Ct)

lenses

Normalized
target gene
relative to
GAPDH

-∆Ct

Transparent
Lenses (n=5)
Hsp70

27.95 ± 5.27

0.01 ± 5.05

0.01

0.99

GSS

28.18 ± 4.03

0.24 ± 2.36

0.24

0.85

Ucp1

28.29 ± 3.31

0.35 ± 2.48

0.35

0.79

E-cadherin

28.61 ± 2.52

0.67 ± 1.57

0.67

0.63

p21

28.71 ± 4.70

0.77 ± 4.22

0.77

0.58

Sirt1

29.22 ± 5.04

1.28 ± 5.08

1.28

0.41

miR205

29.26 ± 4.41

1.32 ± 5.33

1.32

0.40

Sirt3

29.56 ± 2.40

1.62 ± 2.62

1.62

0.33

Cox2

29.80 ± 2.72

1.86 ± 2.49

1.86

0.28

TNFα

29.83 ± 2.34

1.89 ± 2.04

1.89

0.27

Hsp60

31.24 ± 3.40

3.30 ± 2.75

3.30

0.10

miR137

31.56 ± 1.97

3.62 ± 1.65

3.62

0.08

p53

31.88 ± 3.81

3.94 ± 3.42

3.94

0.07

CygB

32.21 ± 1.85

4.27 ± 2.02

4.27

0,05

Ripk1

32.54 ± 0.82

4.60 ± 2.01

4.60

0.04

mirlet-7A

32.86 ± 1.18

4.92 ± 2.37

4.92

0.03

beclin 1

34.69 ± 1.08

6.75 ± 1.94

6.75

0.01

27.94 ± 2.00

0.00

Gapdh

0.00

1.00

NFκB

27.94 ± 2.00

26.69 ± 4.17

-1.25 ± 4.49

-1.25

2.38

Hstf

26.05 ± 1.45

-1.89 ± 1.49

-1.89

3.71

Caspase 3

25.93 ± 2.96

-2.01 ± 1.44

-2.01

4.03

GSR

25.87 ± 1.99

-2.07 ± 1.65

-2.07

4.21

p27

24.76 ± 4.29

-3.18 ± 3.47

-3.18

9.05

Akt

21.34 ± 0.89

-6.60 ± 2.74

-6.60

97.14

-7.37 ± 2.95

-7.37

165.19

-13.48 ± 2.06

-13.48

11394.11

Grp78
CryAA

20.57 ± 1.52
14.46 ± 0.35

Moderate
expression
(>25-30)

Low expression
(>30-35)

Moderate
expression (>25-30)

High expression
(>20-25)
Over expression
(1-15)

Cataractous Lenses (n=9)
Hstf

28.52 ± 3.03

0.07 ± 2.04

0.07

0.95

Hsp60

28.80 ± 1.71

0.36 ± 1.73

0.36

0.78

TNFα

29.69 ± 1.34

1.25 ± 2.38

1.25

0.42

Hsp70

30.06 ± 3.06

1.61 ± 3.76

1.61

0.33

E-Cadherin

30.07 ± 2.28

1.63 ± 2.93

1.63

0.32

Caspase 3

30.32 ± 1.55

1.88 ± 1.45

1.88

0.27

Sirt1

31.07 ± 3.32

2.63 ± 3.83

2.63

0.16

p21

32.97 ± 2.49

4.53 ± 2.75

4.53

0.04

Ripk1

33.41 ± 3.57

4.97 ± 4.24

4.97

0.03
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Moderate
expression
(>25-30)
Moderate
expression (>25-30)

Low expression
(>30-35)
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Cox2

33.47 ± 1.15

5.02 ± 2.21

5.02

0.03

CygB

34.40 ± 1.40

5.95 ± 1.49

5.95

0.02

p53

34.66 ± 2.14

6.21 ± 2.50

6.21

0.01

Beclin 1

35.22 ± 2.68

6.78 ± 2.96

6.78

0.01

Mirlet-7A

35.24 ± 1.07

6.80 ± 1.66

6.80

0.01

Very low expression
(>35-40)

28.79 ± 1.75

0.00

Reference gene

Gapdh

0.00

1.00

p27

28.44 ± 1.31

28.39 ± 1.65

-0,05 ± 2.17

-0,05

1.04

Mir137

28.34 ± 1.80

-0.10 ± 2.76

-0.10

1.07

GSS

28.01 ± 1.26

-0.43 ± 2.06

-0.43

1.35

UCP1

25.81 ± 2.31

-2.64 ± 2.91

-2.64

6.23

NFκB

25.19 ± 1.78

-3.26 ± 2.45

-3.26

9.58

GSR

24.52 ± 1.02

-3.92 ± 1.56

-3.92

15.14

Mir205

24.45 ± 3.00

-4.00 ± 3.64

-4.00

16.00

GRP78

21.93 ± 1.33

-6.51 ± 1.98

-6.51

91.14

Akt

20.30 ± 0.74

-8.15 ± 1.00

-8.15

284.05

Sirt3

18.58 ± 0.89

-9.87 ± 1.04

-9.87

935.76

CryAA

17.55 ± 0.62

-10.89 ± 1.58

-10.89

1897.65

Moderate
expression (>25-30)

High expression
(>20-25)

Very high
expression (>15-20

Table 3: The relative fold changes of gene expressions in cataractous compared to the transparent lens based on 2-∆∆Ct.
Target Genes

Transparent Lens (n=5)
2-∆∆Ct

Cataractous Lens (n=9)
2-∆∆Ct

Fold Increased (↑) or
Fold Decreased (↓)

P-Value

Hsp70

0,99

0,33

̴ 2,7 x ↓

p>0,05

GSS

0,85

1,35

̴ 1,6 x ↑

p>0,05

Ucp1

0,79

6,23

̴ 8,0 x ↑

p>0,05

E-Cadherine

0,63

0,32

̴ 2,0 x ↓

p>0,05
p<0,05

p21

0,58

0,04

̴ 14,5 x ↓

Sirt1

0,41

0,16

̴ 2,6 x ↓

p>0,05

miR205

0,40

16,00

̴ 40,0 x ↑

p<0,05

̴ 3636,0 x ↑

p<0,05

Sirt3

0,33

935,76

Cox2

0,28

0,03

̴ 9,3 x ↓

p<0,05

TNFα

0,27

0,42

̴ 1,6 x ↑

p>0,05

Hsp60

0,10

0,78

̴ 7,8 x ↑

p<0,05

miR137

0,08

1,07

̴ 13,4 x ↑

p<0,05

p53

0,07

0,01

̴ 7,0 x ↓

p>0,05

CygB

0,05

0,02

̴ 2,5 x ↓

p<0,05

Ripk1

0,04

0,03

̴ 1,3 x ↓

p>0,05

mirlet-7A

0,03

0,01

̴ 3,0 x ↓

p<0,05

beclin 1

0,01

0,01

̴ 1,0 x

p>0,05

Gapdh (reference gene)

1,00

1,00

-

-

NFκB

2,38

9,58

̴ 4,0 x ↑

p>0,05

Hstf

3,71

0,95

̴ 4,0 x ↓

p>0,05

caspase 3

4,03

0,27

̴ 14,9 x ↓

p<0,05

GSR

4,21

15,14

̴ 3,6 x ↑

p>0,05

p27

9,05

1,04

̴ 8,7 x ↓

p<0,05

Akt

97,14

284,05

̴ 2,9 x ↑

p<0,05

Grp78

165,19

91,14

̴ 1,8 x ↓

p>0,05

CryAA

11394,11

1897,65

̴ 6,0 x ↓

p<0,05

*P-values were calculated from the t-test between transparent and cataractous lens.
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(Mir-205, Sirt3, Hsp60, Mir-137 and Akt) were up-regulated, 7
genes (p21, Cox2, CygB, Mirlet-7A, caspase3, p27, and CryAA) were
down-regulated, the remaining 13 (Hsp70, GSS, Ucp1, E-Cadherine,
Sirt1, TNFα, p53, Ripk1, Beclin1, NFκB, Hstf, GSR, Grp78) were not
significant different (Table 3).
Of the 5 up-regulated genes, 2 genes were microRNA (miR-205
and miR-137) which have different role from another 3 genes (Sirt3,
Hsp 60, and Akt). In human, expression of miR-205 and miR-137
were detected in many tissues [6] including cornea [15], but it has not
been reported in human lens. In this study, the increasing of miR-205
and miR-137 in cataract lens, suggesting that these microRNAs were
required for regulating the mRNA target in lens cells. However, we
did not examine their mRNA target in lens cell.
It has been well known that microRNAs were associated
with the majority of key cellular processes [4] and increasing of
microRNAs may acts either as tumor suppressor or oncogen during
the progression of tumor [5] depending on which kind of their gene
targets [16]. However, we did not find any report about miR-205 and
miR-137 activity in cataractous lens. Senile cataract is a clouding of
the lens due to the inability of the eye lens to maintain its normal
function caused by senescent, but the etiology has not been explained
to date.
Vosgha et al. mentions the increasing of miR-205 is connected to
the increasing of Akt activity in trophoblast. It through the suppressing
Src Homology 2-containing Phosphoinositide 5’-Phosphatase 2
(SHIP2) [17]. miR-205 expression also have been reported to be
changed in hypoxic trophoblast, the expression of miR-205 is elevated
through suppression of mediator of RNA polymerase II transcription
subunit (MED1) [18]. We suggested the increasing of miR-205 in
lens cells might be relevance to those in trophoblast. Most notably,
we found that miR-205 and miR-137 were up regulated in cataractous
lens. Whereas the let-7A was found to be down regulated, suggesting
the expression pattern of miR-205 and miR-137 in controlling their
mRNA targets in eye lens might have different mechanism from that
mirlet-7A.
Although several gene expressions mentioned above were
responsive to signaling by external factors, such as oxidative,
temperature and radiation [2], however, inflammatory reaction
and hypoxic stresses were seldom reported. Further analysis was to
explore Cytoglobin (CygB) expression. To date, there is no report
about relationship between hypoxic in lens cells and cataract. We
hypothesized that prolong hypoxic in lens cells might be also one of
risk factors in pathogenesis of cataract. In order to know hypoxic state
occurred in lens cells, we use Cytoglobin B (CygB) as an indicator
of the hypoxic status of cataractous compared to the transparent
lenses. Our result showed that CygB expression in cataractous lens
was down-regulated (p<0,05) and it changed ~2,5-fold decrease from
transparent lens. We suggested that cellular hypoxic was another
mechanism involved in cataract pathogenesis, besides oxidative
(ROS), radiation, and temperature or heat that have been known.
CytoglobinB (CygB) is a gene maintaining storage of oxygen in cells
[19]. Including in the anterior eye segment [20]. No publication
was found to explore interaction of miR-205 and CygB mRNA in
human lens or in human cataract. Another three up-regulated gene
expressions were shown in Sirt3, Hsp60, and Akt of cataractous lens
(p<0,05).
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In this study, the cataractous lens showed different expression
of sirtuin genes. Sirt3 was a very high expression, but Sirt1 was
low expression (Table 2). We suggested Sirt3 serve as a protective
mechanism against to the lens cell aging, the same function as those in
other aged-organs [5,10,21-23]. In addition, it also did as a molecular
signal that mitochondrial stress was prominent in cataractous lens.
This may be relevant to the ROS synthesis [2] that plays an important
role in pathogenesis of cataract. According to Kelly, Ucp1 is one of
the molecular targets of lens Sirt3 [24]. We suggested the expression
of Sirt3 was upregulated in cataractous lens might be associated
with increasing of Ucp1 expression (8-fold increase) (Table 3).
According to Salminen et al., the low expression of Sirt1 is related to
the expression of NFκB that in our result was moderate expression in
both transparent and cataractous lenses [25]. In Indonesia, at which
incidence of infectious disease is still high, the moderate expression of
NFκB (~4-fold increase), TNFα (~1,6-fold increase) and Hsp60 (~7,8fold increase) (p<0,05) in cataractous lens might indicate a cellular
response of those genes to a moderately prolonged inflammatory
reaction. It has been known that Hsp60 involves in the immune system
network [26]. The Hsp60 like the other Hsps family participate in the
cellular response to stress. However the Hsp60 is more dominant
play an important role in the central of the immune response [26].
Thus, the Hsp60 besides can halt the apoptotic signaling, it also has a
protective effect on immune response to disease. Our result showed a
significant increase of Hsp60 in cataractous lens and trend increasing
of TNFα, and NFκB, we suspected that the inflammatory reaction or
immune response might play a role in cataractous lens in Indonesia.
Interestingly, besides Sirt3 which was very high expression, Akt
was also upregulated in cataractous lens. Analysis of Akt expression
promoting cataract development through the specific loss of gene
(PTEN) has been reported by Sellitto [27]. This excellent report
suggested that Akt play an important role in maintaining cell survival,
including in the ocular lens [27,28]. Our data showed that Akt gene
was highly expressed (97,14 times Gapdh expression) in transparent
lens, suggested its role in maintaining lens cell survival was very
important. In this study, the expression of caspase3 was very low
expression, suggested in the cataractous lens the apoptosis pathway
might be very weak or not active. In relevance to this condition, p21
and p27 of transparent lens were moderately and highly expressed
respectively, suggesting cell senescent was maintained in the
transparent cell. In this study both of them (p21 and p27) were downregulated in cataractous lens, suggesting the lens failed to maintain
cell senescent, cell then might be shifting to be cloudy (cataractous
lens). Senescent lens cells are characterized by an inhibited of cell
proliferation, and by an enlarged morphology of epithelial cells into
lens fiber cells [8,9,29]. It has been known that p21 and p27 play a
role in cellular senescent [30,31], however, of the lens cataract have
not been reported.
In this study, lens cells of cataractous lens that have very low
expression of p53, Beclin1, and Rip1 indicated cell death signal were
not active or very slow. However, both transparent and cataractous
lens showed high expression of Akt, suggesting this gene maintained
the survival signals. In this aspect, there were no any differences
between the expression of p53, Beclin1, and Rip1 in transparent
and cataractous lens (p>0,05) (Table 2). Akt pathway maintains
cell survival and prevent apoptosis by inactivating several apoptosis
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effectors [32], including Caspase-3, similar inhibit autophagy [33].
Our data confirmed this cell death signal by showing low expression
of becl1. In normal lens, the caspase-3 activity was required for
organelles destruction during cell lens differentiation at which
the epithelial cell was transformed into fiber cells maintaining
its transparency. It is known that the mitochondrial cell death
pathway is required for the initiation of lens fiber cell differentiation
[34]. According to this model, executioner caspases (specifically
caspase-3) are required for the proper elongation of fiber cells
[35]. In this study, the caspase-3 was 14,9-fold decrease (p<0,05) in
cataractous lens compared to transparent lens (Table 3). Eye lens cell,
by deregulating the proliferative signaling and delaying cell death,
become master plans of their own homeostasis. An understanding
of how the expression of human eye lens-genes is induced is not
only fundamental maintaining cell survival networks interest but
also of clinical importance of studying pathogenesis of cataract. How
lens cells induce permanent cell cycle arrest and maintain cellular
senescence in response to daily stimulation signals and many others
stimuli in whole human life remain poorly understood.
In the tropical country which the temperature varies from 25-32
°C makes the people dealing directly with photooxidative throughout
the year that can have an impact on the eye lens. It is not known
whether there is any connection with the case of cataracts that are
quite high in Indonesia. Photooxidative and other types of stressful
stimuli including heat can increase the cellular expression of heat
shock genes with impacting to heat shock protein (Hsps) activities
[2]. These genes have been characterized as a family of heat shock
genes which coding Hsp protein also known as stress proteins that
protecting the cell [3], located in different compartment of cell. It has
been shown that a decrease in Hsps gene expression leads to structural
changes in the lens that might play apart in the development of
lens cataract. These genes are regulated by heat shock transcription
factor (Hstf) coded by Hstf gene. We showed that Hstf expression
was 4-fold decrease in cataractous lens compared to the transparent
lens (Table 3). Consistent with this result, Hsp70, CryAA, and Grp78
were also decreased. Hsp70 has been reported to decline with age
[36]. Interestingly, Hsp60 that is also Hsp family, its expression was
higher in cataractous than in the transparent lens (Table 2). In this
perspective, the Hsp60 might not be activating at the same target
molecules as another Hsp genes. The Hsp60 might be increased in
order to provide a cellular protective action on ocular stress such
as inflammatory reaction or immune reaction. CryAA is a gene
coding for CryAA protein related to the heat shock protein family
and have chaperone-like family [37] at which in our result showing
significant decreased in cataractous lens (p < 0,05). However, one
of the heat shock genes family called Grp78 that is affiliated with
many cells response to stimuli, has not been reported yet in human
lens, especially in human lens cataract. Grp78 gene codes for Grp78
protein that primary located in Endoplasmic Reticulum (ER). This
protein plays an important role in ER (Endoplasmic Reticulum)
stressed signaling (ERSS) [38], that in this study both cataractous
and transparent lens was highly expressed (Table 2), suggesting
endoplasmic reticulum involved in maintaining cellular networks in
human lens. E-Cadherin gene expressions, a key cell to cells adhesion
molecules, were expressed moderately in transparent lens and low
expression in cataractous lens. Cataract is a process during which eye
lens cells lose their transparency, where light scattering changes give
J Ocular Biol 3(1): 8 (2015)

rise to visual loss. The cells change their morphology, including cellcell attachment via E-Cadherin and opacity of lens via CryAA that
were both of them decreased in cataractous lens.
Beclin1 was low expression, suggesting autophagy might be very
slow or was not induced, but p27 was high expressions in transparent
and it was moderate expressed in cataractous lens (p<0,05) (Table 2),
indicating the ability of maintaining cell senescent decrease. In lens
cells, both transparent and cataractous lens did not show necrotic
signal induction, it was showed by low expression of Rip1.

Conclusion
In cataractous lens, 5 genes (miR-205, Sirt3, Hsp60, miR-137,
and Akt) were up-regulated expressions, indicated that Sirt3, Hsp60,
and Akt protected and maintained lens cells survival, and the two
miRNAs (miR-205 and miR-137) might also involve in those lens
cell signal regulation. Increasing of Hsp60 might be associated with
inflammatory or immune reaction in lens cells. Further analysis
showed that 7 genes (p21, p27, Cox2, CygB, mirlet-7A, caspase3, and
CryAA) were down-regulated in cataractous lens. Decreasing of p21
and p27 indicated the ability to maintain cell senescent decreased in
cataractous lens and this condition was relevance to decreasing of
Cox2 and CryAA. Decreasing of mirlet-7A might be associated with
suppression of survival signal network. Interestingly, CygB was also
down-regulated in cataractous lens suggested hypoxic state of lens
might be occur and might act as a risk factor in cataractous lens. Based
on the increasing of the Hsp 60 and decreasing of CygB, suggested
that inflammatory reaction or immune response and hypoxic state of
lens cell might play a role in cataract pathogenesis.
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