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Abstract

Background
Serum lipid levels, especially of oxidized low-density lipoprotein (oxLDL), are related to the development
of cataracts, but the mechanisms underlying the role of oxLDL in cataract development in human lens
epithelial cells (HLEpiCs) remain unclear. Calcium (Ca2+) overload is also known to be involved in lens
turbidity. Store-operated Ca2+ entry (SOCE) is an important pathway mediating Ca2+ in�ux in lens
epithelial cells. The Orai family proteins, which form a type of SOCE channel, localize at the plasma
membrane and control Ca2+ in�ux in response to the depletion of Ca2+ stores in the endoplasmic
reticulum.

Methods
In the present study, we used RNA sequencing, western blot analyses, cell proliferation assays, Ca2+

measurements, and small interfering (si)RNA transfections to investigate the effects of oxLDL on SOCE
and proliferation of human lens epithelial cells (HLEpiCs).

Results
The key �ndings of our study that suggest this conclusion are that (1) oxLDL enhances the expression
levels of Orai3, but not Orai1 or Orai2, in HLEpiCs in vitro; (2) oxLDL signi�cantly increases the
proliferation of HLEpiCs in a concentration-dependent manner; (3) oxLDL signi�cantly increases ATP-
induced SOCE without affecting Ca2+ release in HLEpiCs; and (4) knockdown of Orai3 signi�cantly
reduces cell proliferation and ATP-induced SOCE in HLEpiCs.

Conclusions
These �ndings suggest that Ca2+ signaling altered by overexpression of Orai3 may be a mechanism
whereby oxLDL increases HLEpiC proliferation to contribute to the development of cataract. Thus, Orai3
may be a target warranting development for the treatment of cataract associated with obesity or
hyperlipidemia.

1. Introduction
Cataract is one of the leading causes of visual impairment and blindness in the world [1]. The
transparency of the lens can only be maintained by coordinated proliferation, migration, and elongation
of the lens epithelial cells [2]. Myriad factors increase the risk of cataract, including diabetes, obesity, and
hyperlipidemia [3]. Obesity is associated with dyslipidemia, and low-density lipoprotein cholesterol levels
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are higher in the serum of patients with obesity [4]. Hyperlipidemia is an imbalance of cholesterol levels,
which is mainly attributable to increases in serum low-density lipoprotein cholesterol levels and in
oxidized low-density lipoprotein (oxLDL) levels [5, 6]. High levels of serum oxLDL are involved in various
physiological and pathological mechanisms, from monocyte adhesion to smooth muscle cell
proliferation and endothelial cell dysfunction [7]. Accumulating evidence indicates that cataract is
associated with high levels of oxLDL in the serum [8]. However, the molecular mechanisms that underpin
this association in the human lens epithelial cell has been rarely reported.

Calcium (Ca2+) participates in regulating many physiological and pathological processes [9]. Previous
reports have suggested that homeostasis of the intracellular Ca2+ concentration ([Ca2+]i) is involved in
maintaining the homeostasis of the lens and in preventing opacity of the lens [10, 11]. Store-operated
Ca2+ entry (SOCE) mediated by the interaction of the highly Ca2+-selective Ca2+ release–activated
calcium modulator Orai channel with stromal interaction molecule 1 is an crucial Ca2+ signaling
regulation mechanism in non-excitatory cells [12]. The depletion of Ca2+ from the endoplasmic reticulum
leads to the accumulation of stromal interaction molecule 1 protein in the endoplasmic reticulum
membrane, which eventually evokes Ca2+ in�ux by activating Orai channels located in the cell membrane
[13]. SOCE participates in various physiological and pathological activities, such as cell proliferation and
migration regulation, immune response, and cancer development [14–16]. However, the regulatory effect
of SOCE in human lens epithelial cells has been rarely investigated.

Although the continuous improvement of surgical methods and the development of intraocular lens
implants have greatly improved the cure rate of cataract, the surgery is accompanied by potential
complications, such as retinal detachment, iris prolapse, and even blindness [17]. Thus, it is bene�cial to
explore the underlying molecular mechanisms associated with cataract and �nd new therapeutic targets
for this condition. Therefore, in the present study, we used RNA sequencing, western blot analyses, cell
proliferation assays, Ca2+ measurements, and small interfering (si)RNA transfections to investigate the
effects of oxLDL on SOCE and proliferation of human lens epithelial cells (HLEpiCs).

2. Materials And Methods

2.1. Cell culture and transfection
The HLEpiCs were purchased from the American Type Culture Collection (HB-8065, Manassas, VA, USA)
and then cultured in Dulbecco’s modi�ed Eagle’s medium (DMEM; Gibco) containing 10% fetal bovine
serum (FBS;Gibco) at 37 °C in an incubator with 5% carbon dioxide. The culture media in the oxLDL
groups contained various concentrations of oxLDL(Guangzhou Yiyuan biotech.Co.,Ltd.), whereas media
for the control groups contained equal volumes of DMEM. The HLEpiCs were transfected with siRNA
speci�c to human Orai3 (5′-GGGUCAAGUUUGUGCCCAU-3′) or with scrambled siRNA (5′-
ACGCGUAACGCGGGAAUUU-3′) using Lipofectamine 2000 (Invitrogen) by following the manufacturer’s
instructions. The siRNAs were designed and purchased from Biomics Biotechnologies. The �nal siRNA



Page 4/14

concentration was 200 nm/L. The HLEpiCs were cultured in an incubator with 5% carbon dioxide at 37 °C
for 24 h. Western blotting was conducted to determine the transfection e�ciency.

2.2. RNA sequencing
RNA was extracted from cell lysates using an RNA extraction kit (Hefei Nuower Biotechnology Co., Ltd,
China). A high-throughput Illumina HiSeq 2500 system was used to sequence the samples. We obtained
RNA-Seq FastQ raw data and used the read trimming tool Trimmomatic to remove adaptors and lower
mass readings [18]. The quality of the clean data was assessed using FastQC software [19]. The
transcript expression level was determined as fragments per kilobase of transcript per million fragments
(FPKM) [20], the fold change (FC) represented the ratio of the expression level FPKM between the two
groups of samples. During the detection of differentially expressed genes, log2FC ≥ 1 was used as a
screening criterion for signi�cant differences. The edgeR package was used to detect differences in the
number of reads [21].

2.3. Western blot analysis
Western blotting was conducted as previously described [22]. In brief, the cells were lysed using RIPA
buffer (1% Nonidet P-40, 150 mmol/L NaCl, and 20 mmol/L Tris-HCl; pH 8.0). The lysate was centrifuged
at 12,000 rpm for 20 min in a 4 °C thermostatic centrifuge. The supernatant was mixed with loading
buffer (Beyotime Biotechnology.Co., Ltd.) in a ratio of 4:1 by volume, and the mixed solution was placed
in a metal water bath for 10 min at 100 °C. Total proteins (30 µg) under denaturing conditions were
loaded onto a 10% gel for sodium dodecyl sulfate polyacrylamide gel electrophoresis. The proteins were
then transferred onto a polyvinylidene di�uoride membrane (Millipore, USA). The membranes with the
proteins were immersed in a blocking solution of phosphate-buffered saline (PBS) with Tween 20 that
contained 5% nonfat milk for 1 h at room temperature. The membranes were then incubated with one of
the following antibodies at 4 °C overnight: β-tubulin (1:1000; cat. no.sc-9104; Santa Cruz), Orai1(1:500;
cat. no. sc-68895; Santa Cruz), Orai2 1:500; cat. no. sc-376749; Santa Cruz  or Orai3 (1:500; cat.
no.25766-I-AP; a�nity). The next day, the membranes were incubated with a horseradish peroxidase-
conjugated secondary antibody Promega  for 2 h at room temperature. An enhanced chemiluminescence
system (Shanghai Peiqing Science & Technology Co., Ltd, China) was then used to detect the
immunosignals. Each protein band was normalized to β-tubulin and was quanti�ed by densitometry
using ImageJ software (National Institutes of Health, Bethesda, Maryland).

2.4. Cell proliferation assay
Cell proliferation was determined using a Cell Counting Kit-8 (Shanghai Beyotime Biotechnology Co., Ltd,
China) according to the manufacturer’s instructions. Differently treated cell suspensions (1 × 104/well in
100 µL) were seeded in a 96-well cell plate. After incubation for 24 h in the cell culture incubator, Cell
Counting Kit-8 reagent (10 µL) was added to each well. After the cells were incubated for 2 h at 37 °C in a
dark cell culture incubator, the absorbance at a wavelength of 450 nm was measured using a microplate
reader.
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2.5. [Ca2+] measurement
The [Ca2+]i was determined as previously described [23]. Brie�y, HLEpiCs were loaded with the green
�uorescent calcium-binding dye Fluo-8/AM (10 µmol/L; abcam) and 0.02% pluronic acid and placed in a
dark incubator for 1 h at 37 °C. The Ca2+ release was activated by 100 µmol/L ATP (Sigma) in Ca2+-free
PBS that contained (in mmol/L) 140 NaCl, 5 KCl, 1 CaCl2, 1 MgCl2, 10 glucose, 0.2 EGTA, and 5 HEPES

(pH 7.4). After the baseline stabilized, SOCE was detected by adding 2 mmol/L CaCl2. The [Ca2+]i was
recorded using �uorescence microscopy (Nikon, Japan) because the �uorescence intensity of Fluo-8/AM
increases when it binds to Ca2+. Changes in the [Ca2+]i were calculated as the ratio of �uorescence
intensities before (F0) and after (F1) adding CaCl2 (F1/F0).

2.6. Statistical analysis
Values are expressed as means ± SEM. A two-tailed unpaired Student’s t-tests was used to compare the
signi�cance between two groups. Values of P < 0.05 were considered statistically signi�cant. All values
were analyzed using SigmaPlot software.

3. Results

3.1. OxLDL enhances Orai3 expression in HLEpiCs
RNA-seq is a powerful tool for detecting transcript changes. Our RNA-seq analysis showed that the
expression level of Orai3 transcripts in HLEpiCs pretreated with oxLDL (100 µg/mL) for 24 h signi�cantly
increased, but there was no signi�cant difference in the expression levels of Orai1 or Orai2 (Fig. 1a). We
also detected the expression levels of Orai proteins using western blot analysis of HLEpiCs treated with
oxLDL (100 µg/mL) for 24 h. OxLDL signi�cantly increased the expression levels of Orai3 protein (Fig. 1b
and e) in HLEpiCs but had no signi�cant effect on the protein expression levels of Orai1 or Orai2 (Fig. 1b,
c and d). The results of western blot analyses were consistent with the transcript changes determined
using the RNA-sEq. Therefore, together the data suggested that oxLDL treatment enhanced Orai3
expression in HLEpiCs in vitro. To further investigate the effects of Orai3 on HLEpiCs, we knocked down
the expression of Orai3 by a speci�c Orai3 siRNA. We found that transfection with speci�c siRNA
signi�cantly inhibited Orai3 expression in HLEpiCs (Fig. 2a and b).

3.2. Roles of oxLDL and of Orai3 siRNA in proliferation of
HLEpiCs
Previous reports have suggested that oxLDL is associated with cell proliferation [24]. To explore the effect
of oxLDL on the proliferation of HLEpiCs, we treated HLEpiCs for 24 h with 25 µg/mL, 50 µg/mL,
100 µg/ml, or 200 µg/mL oxLDL and then detected cell proliferation by using a Cell Counting Kit-8. The
results showed that oxLDL increased the proliferation of HLEpiCs in a concentration-dependent manner,
with 100 µg/mL causing the greatest proliferation (Fig. 3a). To further investigate the effects of Orai3 on
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the proliferation of HLEpiCs, we knocked down the expression of Orai3 using an Orai3-speci�c siRNA. We
found that the proliferation of HLEpiCs was signi�cantly decreased when they were transfected with
Orai3 siRNA compared with when they were transfected with scrambled siRNA (Fig. 3b). However, there
was no signi�cant difference in cell proliferation between HLEpiCs transfected with Orai3 siRNA and
treated with oxLDL and HLEpiCs treated with Orai3 siRNA alone. These results suggested that oxLDL
may increase cell proliferation by regulating Orai3 expression in HLEpiCs.

3.3. Roles of oxLDL and of Orai3 siRNA in ATP-induced Ca2+

signaling in HLEpiCs
We measured [Ca2+]i to examine the effect of oxLDL on Ca2+ signaling in HLEpiCs. As shown in Fig. 4,
ATP-induced SOCE was signi�cantly enhanced in HLEpiCs treated with oxLDL (100 µg/mL) for 24 h
(Fig. 4a and c). By contrast, there was no signi�cant difference in Ca2+ release (Fig. 4a and b). Thus,
these results indicated that ATP-induced SOCE in HLEpiCs was increased by oxLDL. To examine the role
of Orai3 in ATP-induced Ca2+ signaling in HLEpiCs, we used Orai3 siRNA to knock down the expression
levels of Orai3. Transfection of Orai3 siRNA into HLEpiCs signi�cantly attenuated ATP-induced SOCE
compared with that in HLEpiCs transfected with scrambled siRNA (Fig. 4d and e). However, no difference
was found in ATP-induced SOCE between HLEpiCs transfected with Orai3 siRNA and those transfected
with Orai3 siRNA and treated with oxLDL (100 µg/mL). These results suggested that oxLDL may enhance
ATP-induced SOCE in HLEpiCs by regulating the expression of Orai3.

4. Discussion
In the present study, we explored the expression levels and function of Orai in HLEpiCs and the molecular
mechanisms underlying the development of cataract associated with obesity or with hyperlipidemia. The
main �ndings were as follows: (1) OxLDL enhanced the expression of Orai3 in HLEpiCs without
signi�cantly altering the expression of Orai1 or Orai2. (2) OxLDL signi�cantly increased the proliferation
of HLEpiCs in a concentration-dependent manner. (3) OxLDL signi�cantly increased ATP-induced SOCE in
HLEpiCs although there was no signi�cant effect on Ca2+ release. (4) Knockdown of Orai3 signi�cantly
decreased cell proliferation and ATP-induced SOCE in HLEpiCs. Together, our results indicated that oxLDL
may play an essential role in cell proliferation and ATP-induced SOCE in HLEpiCs and that these effects
may be related to an increased expression level of Orai3. Therefore, Orai3 may be a new target for
development in the treatment of cataract associated with obesity or hyperlipidemia.

Previous studies have indicated that SOCE participates in maintaining [Ca2+]i homeostasis in lens
epithelial cells [25]. In our study, we cultured HLEpiCs in media containing oxLDL to mimic a high-fat
environment in vitro. Our RNA-seq analysis and western blotting results showed that treatment with
oxLDL enhanced the expression of Orai3 in HLEpiCs, whereas the expression levels of Orai1 and Orai2
did not signi�cantly change. Our Ca2+ measurement results showed that treatment with oxLDL
signi�cantly enhanced ATP-mediated SOCE in HLEpiCs. To examine the effect of Orai3 on oxLDL-
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mediated Ca2+ signaling in HLEpiCs, we knocked down Orai3 expression by transfecting these cells with
Orai3-speci�c siRNA. Our results indicated that knockdown of Orai3 signi�cantly inhibited ATP-induced
SOCE in HLEpiCs. Additionally, no difference was found in ATP-induced SOCE in HLEpiCs transfected
with Orai3 siRNA and in transfected cells treated with oxLDL. These results strongly suggested that
oxLDL affected ATP-induced SOCE by regulating Orai3 expression. Therefore, we speculate that cataract
associated with obesity or hyperlipidemia may be related to a change in Ca2+ signaling in HLEpiCs.

According to epidemiological statistics, plasma oxLDL levels of patients with cataract are signi�cantly
increased compared with matched individuals without cataract [8]. In individuals with age-related
cataract, the severity of cataract is related to the excessive proliferation of lens epithelial cells [26, 27]. A
mouse model of cataract established using transgenic technology found that increased differentiation
and proliferation of lens epithelial cells led to the formation of anterior subcapsular plaque [28]. It is
generally believed that oxLDL is involved in regulating cell proliferation in the cardiovascular system [29,
30]. OxLDL induces abnormal proliferation of smooth muscle cells, leading to the formation of
atherosclerotic plaques [31]. Therefore, exploring the pathological role of oxLDL in HLEpiCs is useful for
understanding the mechanisms of the development of cataract associated with hyperlipidemia or
obesity. In the present study, we showed that treatment with increasing concentrations of oxLDL
increased the proliferation of HLEpiCs in a concentration-dependent manner. To our knowledge, this is the
�rst evidence showing a pathological role of oxLDL in HLEpiCs. Previous reports have indicated that
Orai3 plays vital roles in the development of cancer and of cardiovascular disease [32, 33]. To examine
the role of Orai3 in oxLDL-mediated proliferation in HLEpiCs, we knocked down Orai3 expression by
transfecting them with Orai3-speci�c siRNA. We found that Orai3 knockdown signi�cantly inhibited the
proliferation of HLEpiCs. Our results also showed no difference in cell proliferation when HLEpiCs were
transfected with Orai3 siRNA and treated with oxLDL and when HLEpiCs were transfected with Orai3
siRNA but not treated with oxLDL. These results suggested that oxLDL affects the proliferation of
HLEpiCs by regulating Orai3 expression.

5. Conclusion
The present study showed that an increased proliferation of HLEpiCs was associated with an overload of
intracellular Ca2+ induced by the overexpression of Orai3, and that this process may contribute to the
development of cataract. This study provides novel insights into the mechanisms underpinning the effect
of oxLDL on the proliferation of HLEpiCs and the potentially critical role of Orai3 in the development of
cataract.

Declarations
Ethics approval and consent to participate

Not applicable. 



Page 8/14

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This work was supported by grants from the Natural Science Foundation of Anhui Provincial [grant No.
1408085MH158]; the National Natural Science Foundation of China [grant Nos. 81570403, U1732157].

Authors' contributions

Y.W., S.B. designed and performed the experiments. R.Z. wrote the paper. S.B.and Y.W. analyzed the data,
and provided �nancial support. All authors read and approved the �nal manuscript.

Acknowledgements

Not applicable.

References
1. Lee CM, Afshari NA. The global state of cataract blindness. Curr Opin Ophthalmol. 2017;28(1):98–

103.

2. Piatigorsky J. Lens differentiation in vertebrates. A review of cellular and molecular features.
Differentiation. 1981;19(3):134–53.

3. Harding JJ. Recent studies of risk factors and protective factors for cataract. Curr Opin Ophthalmol.
1997;8(1):46–9.

4. Mika A, Sledzinski T. Alterations of speci�c lipid groups in serum of obese humans: a review. Obes
Rev. 2017;18(2):247–72.

5. Karr S. Epidemiology and management of hyperlipidemia. Am J Manag Care. 2017;23(9 Suppl):139–
48.

�. Linton MRF, Yancey PG, Davies SS, Jerome WG, Linton EF, Song WL, Doran AC, Vickers KC: The Role
of Lipids and Lipoproteins in Atherosclerosis. In: Endotext. edn. Edited by Feingold KR, Anawalt B,
Boyce A, Chrousos G, Dungan K, Grossman A, Hershman JM, Kaltsas G, Koch C, Kopp P et al. South
Dartmouth (MA); 2000.



Page 9/14

7. Helkin A, Stein JJ, Lin S, Siddiqui S, Maier KG, Gahtan V. Dyslipidemia Part 1–Review of Lipid
Metabolism and Vascular Cell Physiology. Vasc Endovascular Surg. 2016;50(2):107–18.

�. Hashim Z, Zarina S. Assessment of paraoxonase activity and lipid peroxidation levels in diabetic and
senile subjects suffering from cataract. Clin Biochem. 2007;40(9–10):705–9.

9. Colomer J, Means AR. Physiological roles of the Ca2+/CaM-dependent protein kinase cascade in
health and disease. Subcell Biochem. 2007;45:169–214.

10. Rhodes JD, Sanderson J. The mechanisms of calcium homeostasis and signalling in the lens. Exp
Eye Res. 2009;88(2):226–34.

11. Lee HY, Morton JD, Sanderson J, Bickerstaffe R, Robertson LJ. The involvement of calpains in
opaci�cation induced by Ca2+-overload in ovine lens culture. Vet Ophthalmol. 2008;11(6):347–55.

12. Prakriya M, Lewis RS. Store-Operated Calcium Channels. Physiol Rev. 2015;95(4):1383–436.

13. Smyth JT, Hwang SY, Tomita T, DeHaven WI, Mercer JC, Putney JW. Activation and regulation of
store-operated calcium entry. J Cell Mol Med. 2010;14(10):2337–49.

14. Jardin I, Lopez JJ, Salido GM, Rosado JA. Store-Operated Ca(2+) Entry in Breast Cancer Cells:
Remodeling and Functional Role. Int J Mol Sci 2018, 19(12).

15. Moccia F, Berra-Romani R, Rosti V. Manipulating Intracellular Ca2 + Signals to Stimulate Therapeutic
Angiogenesis in Cardiovascular Disorders. Curr Pharm Biotechnol. 2018;19(9):686–99.

1�. Beringer A, Gouriou Y, Lavocat F, Ovize M, Miossec P. Blockade of Store-Operated Calcium Entry
Reduces IL-17/TNF Cytokine-Induced In�ammatory Response in Human Myoblasts. Front Immunol.
2018;9:3170.

17. Llop SM, Papaliodis GN. Cataract Surgery Complications in Uveitis Patients: A Review Article. Semin
Ophthalmol. 2018;33(1):64–9.

1�. Bolger AM, Lohse M, Usadel B. Trimmomatic: a �exible trimmer for Illumina sequence data.
Bioinformatics. 2014;30(15):2114–20.

19. Hwang SG, Kim KH, Lee BM, Moon JC. Transcriptome analysis for identifying possible gene
regulations during maize root emergence and formation at the initial growth stage. Genes Genomics.
2018;40(7):755–66.

20. Yu Y, Fuscoe JC, Zhao C, Guo C, Jia M, Qing T, Bannon DI, Lancashire L, Bao W, Du T, et al. A rat RNA-
Seq transcriptomic BodyMap across 11 organs and 4 developmental stages. Nat Commun.
2014;5:3230.

21. Bray NL, Pimentel H, Melsted P, Pachter L. Near-optimal probabilistic RNA-seq quanti�cation. Nat
Biotechnol. 2016;34(5):525–7.

22. Zhao R, Zhou M, Li J, Wang X, Su K, Hu J, Ye Y, Zhu J, Zhang G, Wang K, et al. Increased TRPP2
expression in vascular smooth muscle cells from high-salt intake hypertensive rats: The crucial role
in vascular dysfunction. Molecular nutrition food research. 2015;59(2):365–72.

23. Yang Y, Zhu J, Wang X, Xue N, Du J, Meng X, Shen B. Contrasting Patterns of Agonist-induced Store-
operated Ca2 + Entry and Vasoconstriction in Mesenteric Arteries and Aorta With Aging. J Cardiovasc



Page 10/14

Pharmacol. 2015;65(6):571–8.

24. Liu J, Ren Y, Kang L, Zhang L. Oxidized low-density lipoprotein increases the proliferation and
migration of human coronary artery smooth muscle cells through the upregulation of osteopontin.
Int J Mol Med. 2014;33(5):1341–7.

25. Rhodes JD, Russell SL, Illingworth CD, Duncan G, Wormstone IM. Regional differences in store-
operated Ca2 + entry in the epithelium of the intact human lens. Invest Ophthalmol Vis Sci.
2009;50(9):4330–6.

2�. Fu Q, Qin Z, Yu J, Yu Y, Tang Q, Lyu D, Zhang L, Chen Z, Yao K. Effects of senescent lens epithelial
cells on the severity of age-related cortical cataract in humans: A case-control study. Medicine.
2016;95(25):e3869.

27. Zeng K, Feng QG, Lin BT, Ma DH, Liu CM. Effects of microRNA-211 on proliferation and apoptosis of
lens epithelial cells by targeting SIRT1 gene in diabetic cataract mice. Biosci Rep 2017, 37(4).

2�. Lovicu FJ, Ang S, Chorazyczewska M, McAvoy JW. Deregulation of lens epithelial cell proliferation
and differentiation during the development of TGFbeta-induced anterior subcapsular cataract. Dev
Neurosci. 2004;26(5–6):446–55.

29. Liu Y, Liu G. Isorhapontigenin and resveratrol suppress oxLDL-induced proliferation and activation of
ERK1/2 mitogen-activated protein kinases of bovine aortic smooth muscle cells. Biochem
Pharmacol. 2004;67(4):777–85.

30. Schaefer CA, Kuhlmann CR, Gast C, Weiterer S, Li F, Most AK, Neumann T, Backenkohler U, Tillmanns
H, Waldecker B, et al. Statins prevent oxidized low-density lipoprotein- and lysophosphatidylcholine-
induced proliferation of human endothelial cells. Vascul Pharmacol. 2004;41(2):67–73.

31. Pirillo A, Norata GD, Catapano AL. LOX-1, OxLDL, and atherosclerosis. Mediators In�amm.
2013;2013:152786.

32. Motiani RK, Stolwijk JA, Newton RL, Zhang X, Trebak M. Emerging roles of Orai3 in pathophysiology.
Channels. 2013;7(5):392–401.

33. Motiani RK, Zhang X, Harmon KE, Keller RS, Matrougui K, Bennett JA, Trebak M. Orai3 is an estrogen
receptor alpha-regulated Ca(2)(+) channel that promotes tumorigenesis. FASEB J. 2013;27(1):63–75.

Figures



Page 11/14

Figure 1

Effects of oxLDL treatment on Orai1, Orai2, and Orai3 expression levels in HLEpiCs. (a) Cluster analysis
of RNA-seq data from HLEpiCs pretreated with oxLDL (100 μg/mL) for 24 h. Color scale indicates
fragments per kilobase of transcript per million fragments (n = 2). B–E, Representative immunoblots (b)
and summary data (c, d, and e) showing Orai protein expression levels in HLEpiCs treated with oxLDL
(100 μg/mL) or DMEM (control) for 24 h (n = 3–5; mean ± S.E.M.; *P < 0.05).
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Figure 2

The effects of Orai3 siRNA on the expression of Orai3 in HLEpiCs. Representative immunoblots (a) and
summary data (b) showing Orai3 protein expression levels in HLEpiCs transfected with scrambled siRNA
or Orai3 siRNA for 24 h. (n = 3; mean ± S.E.M.; *P < 0.05: scrambled siRNA vs. Orai3 siRNA).
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Figure 3

Roles of oxLDL and of Orai3 siRNA in HLEpiC proliferation. Summary data showing the number of
HLEpiCs (directly proportional to absorbance levels at 450 nm) following treatment with oxLDL at 25
μg/mL, 50 μg/mL, 100 μg/mL, or 200 μg/mL (a) and transfected with scrambled siRNA or Orai3 siRNA
and treated with PBS or oxLDL (100 μg/mL; b) for 24 h (n = 3–4; mean ± S.E.M.; *P < 0.05: control vs. 50
μg/mL oxLDL (a); scrambled siRNA + PBS vs. Orai3 siRNA + PBS (b); scrambled siRNA + oxLDL vs. Orai3
siRNA + oxLDL (b). **P < 0.01, control vs. 200 μg/mL oxLDL (a); scrambled siRNA + PBS vs. scrambled
siRNA + oxLDL (b). ***P < 0.001, control vs. 100 μg/mL oxLDL (a). P > 0.05, Orai3 siRNA + PBS vs. Orai3
siRNA + oxLDL (b).
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Figure 4

Roles of oxLDL and of Orai3 siRNA in ATP-induced Ca2+ signaling in HLEpiCs. Representative traces (a
and d) and summary data (b, c, and e) showing the changes in ATP-induced Ca2+ release (b) and in the
following SOCE (c and e) in HLEpiCs treated with oxLDL (100 μg/ml) or in HLEpiCs transfected with
scrambled siRNA or Orai3 siRNA and treated with PBS or oxLDL (100 μg/ml) for 24 h. (n = 4–5; mean ±
S.E.M.; *P < 0.05: control vs. oxLDL treatment (c); scrambled siRNA + PBS vs. Orai3 siRNA + PBS (e);
scrambled siRNA + PBS vs. scrambled siRNA + oxLDL (e). ***P < 0.001, scrambled siRNA + oxLDL vs.
Orai3 siRNA + oxLDL (e). P > 0.05, Orai3 siRNA + PBS vs. Orai3 siRNA + oxLDL (e).


