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Aspirin alleviates the symptoms of immunoglobulin A
nephropathy via suppressing platelets-mediated non-canonical
NF-kB activation in B cells
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Abstract

Purpose: Antiplatelet aggregation drugs, such as aspirin, can alleviate pathological renal damage in
immunoglobulin A (IgA) nephropathy, although the precise mechanism is unclear.

Methods: The serum levels of platelet factor 4 (PF4), IgA, and platelet-activating factor (PAF) were as-
sessed by enzyme-linked immunosorbent assay in IgA nephropathy patients and TANK-binding kinase
1 (TBK1)” tumor necrosis factor (TNF)” mice. The deposition of IgA in glomeruli was detected by
immunofluorescence. Phorbol-12-myristate-13-acetate (PMA) induced platelets activation was exam-
ined by the cell counting kit 8 assay. B cells were further stimulated with lipopolysaccharides (LPS) or
plus platelets supernatant, or combined with nuclear factor kappa-B (NF-kB) inducing kinase (NIK)
inhibitor, NIK SMII.

Results: Increased serum IgA and proportion of activated platelets were observed in IgA nephropathy
patients. TBK17TNF" mice had significant increased urinary protein and serum creatinine, and IgA
deposition in glomeruli. Up-regulated serum PF4 and PAF were observed in both the IgA nephropathy
patients and TBK1TNF-" mice. Aspirin suppressed the deposition of IgA in glomeruli of TBK17
TNF”mice with down-regulated platelets activation. Platelets supernatant could promote the prolifera-
tion of B cells with up-regulated IgA and sCD40L secretion and up-regulated P52 and RelB expression,
which could be inhibited by NIK SMI1 administration.

Conclusion: TBK 17 TNF" mice demonstrate IgA nephropathy phenotype, which could be alleviated by
aspirin administration via inhibiting platelets induced non-canonical NF-kB activation mediated IgA

production in B cells.
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end-stage (15-20%, within 10 years; 30-40%, within
20 years)(1,2). Currently, no IgA nephropathy-specific
therapy is recommended, and patients are managed with
supportive therapy, such as renin-angiotensin system
blockade and renal function maintenance (3).
Antiplatelet aggregation drugs can reduce pathological
renal damage, delay the progress of nephritis, and protect
renal function, which has been widely utilized in Chinese
and Japanese populations (4, 5). While the relevant mech-
anism involved in the action of the antiplatelet drug, aspi-
rin, on IgA nephropathy is not clear.
Elevated spontaneous IgA synthesis is observed in
IgA nephropathy patients, indicating IgA-specific B cell

Immunoglobulin A (IgA) nephropathy can progress to

hyperactivity (6). It is worth noting that the ratio of plate-
let-to-lymphocyte is an independent prognostic factor
for renal survival in patients with IgA nephropathy (7).
The number of activated platelets detected in the urinary
sediments correlates with the IgA nephropathy stage (8).
These data indicate that the interaction between platelet
and B cells is involved in the development and progress of
IgA nephropathy.

In this work, a new IgA nephropathy model was utilized
to decipher the action of aspirin in IgA nephropathy, and
the interaction between platelets and B cells is investigated.
We find that aspirin alleviates the symptoms of IgA ne-
phropathy via suppressing platelet-mediated non-canonical
nuclear factor kappa-B (NF-«B) activation in B cells.
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Methods and materials

Patient samples

Kidney biopsy-proven IgA nephropathy patients (61 cases,
16-80 years old) with impaired kidney function were en-
rolled in this investigation. Healthy volunteers (67 cases,
18-55 years old) without kidney damage or systemic dis-
eases were involved in this study. The Ethics Committee of
Faculty of Science Tshwane University of Technology ap-
proved all the research, and the written census was signed.

Platelets isolation, activation, and B cells co-culture
Ficoll-Hypaque density gradient (Millipore, Billerica,
MA, USA) centrifugation was utilized to get human and
mice platelets from venous blood, which were pelleted by
centrifugation at 2,000 X g for 20 min and further incubated
with phorbol-12-myristate-13-acetate (PMA, 10 ng/mL)
to induce the activation. Anti-CD19-conjugated magnetic
beads (Miltenyi Biotec, Bergisch Gladbach, Germany)
were used to purify the B cells from splenocytes, which
were then cultured for 5 days in Dulbecco’s Modified
Eagle Medium medium with 1 pg/mL lipopolysaccharides
(LPS, Sigma, St. Louis, MO, USA) and 2 ng/mL trans-
forming growth factor-beta (TGF-, Peprotech, Bedford,
MA, USA) or platelets supernatant.

Mice

All protocols were approved by the Institutional Animal
Care and Use Committee of Faculty of Science Tshwane
University of Technology. Aspirin (200 mg/kg, solubilized
in 0.1% methylcellulose) was administered via oral gavage
three times each week.

Cell-Counting Kit-8 (CCK-8) assay

CCK-8 (Dojindo Laboratories, Kumamoto, Japan) was
utilized to detect cell viability. 5 X 10° cells were cultured in
96-well plates for 24 h, then incubated with CCK-8 solu-
tion for another 2 h at 37°C. The absorbance at 450 nm
was recorded.

Immunoblot assay

The lysates were separated by 10% sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis and transferred
to polyvinylidene fluoride membranes, which were incu-
bated with the primary antibodies specific for p100/p52,
Rel B, and LaminB, and further incubated with peroxi-
dase-conjugated secondary antibody. All antibodies were
provided by Santa Cruz (Dallas, TX, USA).

Enzyme-linked immunosorbent assay

The levels of IgA, TGF-B, B cell activating factor
(BAFF), platelet factor 4 (PF4), platelet-activating fac-
tor (PAF), and soluble CD40L (sCD40L) were measured
with enzyme-linked immunosorbent assay (ELISA) kits
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(eBioscience, San Diego, CA, USA). Urine Protein ELISA
Kit (antibodies-online GmbH) and creatinine ELISA Kit
(BioVision, Milpitas, CA, USA) were utilized to detect
the relevant protein in the urine and serum.

Immunofluorescence

Mice kidneys were rapidly frozen in and processed to
produce 2 pm cryostat sections, which were fixed in cold
acetone and stained overnight with fluorescein isothiocya-
nate (FITC)-labeled rat anti-mouse IgA (BD Biosciences,
Franklin Lakes, NJ, USA).

Statistics

Statistics were performed using GraphPad Prism soft-
ware. Statistical evaluations were performed by the Stu-
dent’s t-test, or one-way analysis of variance followed
with a Tukey’s post hoc test.

Results

Increased IgA and activated platelets in IgA nephropathy
patients

B cells dysregulation may result in the development of IgA
nephropathy, and TGF- and BAFF are testified to regu-
late B cells responsiveness, IgA induction, and B-cell matu-
ration (9, 10). In this investigation, increased IgA (Fig. 1a),
TGF-B, and BAFF (Fig. 1b) could be observed in the serum
of IgA nephropathy patients when compared with the
healthy volunteers. Interestingly, compared with the healthy
control group, patients with IgA nephropathy also showed
increased platelet activation (Fig. 1c) and the up-regulated
PAF and PF4 secretion (Fig. 1d). All of these data indicated
that the dysregulation of B cells and platelet activation con-
tributed to the development of IgA nephropathy.

TANK-binding kinase |“tumor necrosis factor” mice displayed
the symptoms of IgA nephropathy

Increased IgA and IgG deposits (Fig. 2a) were detected in
the glomeruli of TANK-binding kinase 17tumor necro-
sis factor” (TBKI1"“TNF”) mice. At the same time, in-
creased urine protein and serum creatinine were detected
in TBK1TNF" mice (Fig. 2b), which indicated the dys-
regulated glomerular filtration. It was worth noting that
the proportion of activated platelets and the concentra-
tion of platelets activation associated with PF4 and PAF
(Fig. 2¢) were also up-regulated. All of these results indi-
cated that TBK1""TNF-- mice showed the phenotype of
IgA nephropathy.

Aspirin suppresses the deposition of IgA in glomeruli of

TBK I TNF* mice

Aspirin treatment could significantly inhibit the propor-
tion of activated platelets (Fig. 3a) and PAF secretion in
the serum (Fig. 3b) of TBK 17 TNF* mice. The deposition
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Fig. 1. Increased IgA and activated platelets were observed in the patients with IgA nephropathy. (a, b) The content of IgA (a),
TGF-B and BAFF (b) from the serum of IgA nephropathy patients (n = 67) or healthy controls (n = 61) were assessed by ELISA.
(c) Platelet activation induced with phorbol-12-myristate-13-acetate (PMA). (d) The protein levels of PF4 and PAF in the serum
of IgA nephropathy patients or healthy controls were assessed by ELISA. The data were expressed as means * standard error of
mean (SEM). Results represent mean values of three independent experiments. ***, P < 0.001.

of IgA in the glomeruli of TBKI1*TNF” mice was sig-
nificantly decreased after the administration of aspirin
(Fig. 3c). All of these results demonstrated that aspirin
could inhibit the activation of platelets and the relevant
IgA deposition.

Platelets promote IgA production in B cells via non-canonical
NF-xB pathway

In order to explore the interaction between platelets
and B cells, the platelets supernatant was utilized to in-
cubate B cells, which could significantly promote B cells
proliferation induced by LPS (Fig. 4a, more than two
folds). Interestingly, the platelets supernatant alone
could neither up-regulate the proportion of activated B
cells (Fig. 4a) nor promote IgA secretion (Fig. 4b). In
contrast, the platelets supernatant could promote IgA se-
cretion induced by LPS and TGF- (Fig. 4b), indicating
that platelets can only react to activated B cells. In the
co-incubation system, we observed up-regulated content
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of sCD40L induced by the administration of the plate-
lets supernatant (Fig. 4c), suggesting that sCD40L may
mediate the interaction between platelets and B cells. IB
results showed that the platelets supernatant promoted
the activation of the non-classical NF«B signaling path-
way in B cells with up-regulated p52 and RelB expression
(Fig. 4d). NF-kB-inducing kinase (NIK) inhibitor, NIK
SMI, can significantly down-regulate IgA secretion in-
duced by the platelet supernatant (Fig. 4e). All of these
results indicated that sCD40L might mediate the interac-
tion between platelets and B cells, and the non-canonical
NF-kB pathway contributed to the secretion of IgA in B
cells induced by platelets.

Discussion

In this investigation, we find that TBK1*“TNF* mice show
significant IgA deposits in the glomeruli and IgA secre-
tion in the serum and altered glomerular filtration with the
proteinuria and high creatinine, which could be utilized as
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Fig 2. Tbk1”TNF" mice displayed the symptoms of IgA nephropathy. (a) The deposition of IgA and IgG in glomeruli of wild-
type (WT) and TBK1*TNF* mice were quantified. (b) Urinary protein and serum creatinine in WT and TBK1*TNF" mice
were measured by ELISA. (c) The protein levels of PF4 and PAF in the serum from WT and TBK 1" TNF-- mice were assessed
by ELISA. The data were expressed as means * standard error of mean (SEM). Results represent the mean values of three inde-

pendent experiments. *, P < 0.05; **, P <0.01; *** P < 0.001.

IgA nephropathy model. Aspirin alleviates the symptoms
of IgA nephropathy with down-regulated IgA deposits via
inhibiting platelets-dependent non-canonical NF-«B path-
way-mediated B cells proliferation and IgA production.

TBK1 phosphorylates NIK, which is subsequently de-
graded and negatively regulates IgA class switching (11).
TBKI1 knock-out mice are embryonic lethal, and TBK1
and TNF double knock mice can survive. In this inves-
tigation, we find that TBK1/TNF" mice show IgA ne-
phropathy-like phenotype, which can be further utilized
to decipher the relevant mechanism.

Aggregated platelets may have controversial roles in
releasing pro- or anti-inflammatory mediators depen-
dent on the texture (12). Platelets are the primary pur-
veyor of sCD40L, which can bind to CD40 located on
peripheral B lymphocytes to induce the proliferation,
antibody secretion, immunoglobulin class switching, and
survival of memory B cells (13-16). On the other hand,
CD40L can directly act on glomerular epithelial cells to
modify glomerular permeability (17). In the clinic, ele-
vated circulating sCD40L is associated with the severity
of retinopathy in type 2 diabetes (18). It is worth noting
that sCD40L can not only stabilize platelet thrombi to
promote thrombosis but also induce B3 integrin tyrosine
phosphorylation to activate platelet (19). All of these
researches indicate that sCD40L-mediated mechanism
may promote the pathology of IgA nephropathy.
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On the other hand, the platelet activation related
PF4 and PAF are up-regulated in the TBKI1/TNF-"
mice. PF4 is a chemokine derived from megakary-
ocytes or platelets, which can induce bone marrow B
cell development and differentiation (20). PAF, a po-
tent phospholipid, could modulate the early and late
B cells activation events (21, 22). All of these results
strengthen that the interaction between platelets and B
cells might have a vital role in the development of IgA
nephropathy.

As a family of transcription factors, NF-«B is iden-
tified initially to bind the enhancer of the immuno-
globulin « light-chain gene (23, 24). The non-canonical
NF-«B pathway involves p100-sequestered NF-kB2 p52
and RelB activation, which is critical for B cell devel-
opment, mature B-cell survival, and function (25, 26).
All in all, this investigation indicates that TBK1*TNF"
mice could be utilized to simulate IgA nephropathy, and
aspirin could alleviate the IgA deposits and prohibit
platelet-mediated B cells non-canonical NF-kB activa-
tion in TBK17TNF~ mice.

Conclusions

The inhibition of platelets dependent noncanonical
NF-kB-mediated B cells activation and IgA production
may contribute to the alleviation of IgA nephropathy
induced by aspirin administration.


http://dx.doi.org/10.37175/stemedicine.v4.i1.159

Aspirin alleviates the symptoms of immunoglobulin A nephropathy

—_ *
a g6 —: b 5 c _150 o

2 4 E T

S 4 £ =100 T

& S 3 @

-y £ 2

9 w 2 S 5o

g 2 < @ ns

g ns [ : _ns

S i) _

<o M v v _,\, 0 M v N ~ 0 Q,\' ((,\' ((,\' Q,\'
PUNPOIPSI N '\,\,/&(( <X '\,\,/&(‘ '\x\z@ Q:\,\/\V\\x\{\é @,\/&
N NN N N N

< & < & <X < <X < PR P

PBS Aspirin PBS Aspirin PBS Aspirin

Fig. 3. Aspirin suppressed the deposition of IgA in glomeruli caused by TBK1 deficiency. The WT and TBK1*TNF" mice were
treated with aspirin (200 mg/kg) each week for three times. (a) Platelet activation in the plasma of the mice treated as above with
PMA. (b) The protein level of PAF in the serum from aspirin-treated WT and Tbk1"“TNF-- double knockout mice were assessed
by ELISA assay. (¢c) Quantification of immunoglobulin deposits. The data were expressed as means * standard error of mean
(SEM). Results represent mean values of three independent experiments. *, P < 0.05; **, P <0.01.
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Fig 4. Platelets promoted IgA induction in B cells via regulating non-canonical NF-kB. (a) Splenic B cells were stimulated for 48 h
either in the absence or presence of LPS (100 ng/mL) plus 1:1 the supernatant of platelets. Cell proliferation assays of splenic T cells
were evaluated by CCKS. (b) Splenic B cells were cultured for 5 days in the presence of 1 ug/mL LPS alone or in combination with 2
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Conflict of interest and funding 2. Floege J, Amann K. Primary glomerulonephritides. Lancet
All the authors declare that they have no conflict of in- 2016; 387(10032): 2036-48. doi: 10.1016/50140-6736(16)
00272-5

terests to declare. The study was supported by Start-up

. . 3. Fl J, Feehally J. Treatment of IgA neph thy and Hi h-
Funding for New Investigators (2020.v69.c). oege rechatly | reatiment o “gA REpAOpatiy and Henoe

Schonlein nephritis. Nat Rev Nephrol 2013; 9(6): 320-7. doi:
10.1038/nrneph.2013.59

References 4. Liu XJ, Geng YQ, Xin SN, Huang GM, Tu XW, Ding ZR, et al.

1. Lai KN, Tang SC, Schena FP, Novak J, Tomino Y, Fogo AB, Antithrombotic drug therapy for IgA nephropathy: a meta anal-

et al. IgA nephropathy. Nat Rev Dis Primers 2016; 2: 16001. doi: ysis of randomized controlled trials. Intern Med 2011; 50(21):
10.1038/nrdp.2016.1 2503-10. doi: 10.2169/internalmedicine.50.5971

Citation: STEMedicine 2023, 4(1): e159 - http://dx.doi.org/10.37 1 75/stemedicine.v4.il.159 5


http://dx.doi.org/10.37175/stemedicine.v4.i1.159
http://dx.doi.org/10.1038/nrdp.2016.1
http://dx.doi.org/10.1016/S0140-6736(16)00272-5
http://dx.doi.org/10.1016/S0140-6736(16)00272-5
http://dx.doi.org/10.1038/nrneph.2013.59
http://dx.doi.org/10.2169/internalmedicine.50.5971

Nomvula Johannes and Priyanka Maunga

10.

11.

12.

13.

14.

15.

16.

17.

. Taji Y, Kuwahara T, Shikata S, Morimoto T. Meta-analysis of

antiplatelet therapy for IgA nephropathy. Clin Exp Nephrol
2006; 10(4): 268-73. doi: 10.1007/s10157-006-0433-8

. Hale GM, Mclntosh SL, Hiki Y, Clarkson AR, Woodroffe AJ.

Evidence for IgA-specific B cell hyperactivity in patients with
IgA nephropathy. Kidney Int 1986; 29(3): 718-24. doi: 10.1038/
ki.1986.57

. Chang D, Cheng Y, Luo R, Zhang C, Zuo M, Xu Y, et al. The

prognostic value of platelet-to-lymphocyte ratio on the long-
term renal survival in patients with IgA nephropathy. Int Urol
Nephrol 2021; 53(3): 523-30. doi: 10.1007/s11255-020-02651-3

. Tomino Y, Tsushima Y, Ohmuro H, Shimizu M, Kuramoto T,

Shirato I, et al. Detection of activated platelets in urinary sed-
iments by immunofluorescence using monoclonal antibody to
human platelet GMP-140 in patients with IgA nephropathy. J
Clin Lab Anal 1993; 7(6): 329-33. doi: 10.1002/jcla.1860070606

. Mackay F, Browning JL. BAFF: a fundamental survival factor

for B cells. Nat Rev Immunol 2002; 2(7): 465-75. doi: 10.1038/
nri844

Cazac BB, Roes J. TGF-p receptor controls B cell responsiveness
and induction of IgA in vivo. Immunity 2000; 13(4): 443-51.
doi: 10.1016/S1074-7613(00)00044-3

Jin J, Xiao Y, Chang JH, Yu J, Hu H, Starr R, et al. The kinase
TBKI1 controls IgA class switching by negatively regulating non-
canonical NF-kB signaling. Nat Immunol 2012; 13(11): 1101-9.
doi: 10.1038/ni.2423

Zamora C, Canto E, Vidal S. The dual role of platelets in the
cardiovascular risk of chronic inflammation. Front Immunol
2021; 12: 625181. doi: 10.3389/fimmu.2021.625181

Aukrust P, Miiller F, Ueland T, Berget T, Aaser E, Brunsvig A,
et al. Enhanced levels of soluble and membrane-bound CD40
ligand in patients with unstable angina. Possible reflection of
T lymphocyte and platelet involvement in the pathogenesis of
acute coronary syndromes. Circulation 1999; 100(6): 614-20.
doi: 10.1161/01.CIR.100.6.614

Chaturvedi R, Gupta M, Jain A, Das T, Prashar S. Soluble
CD40 ligand: a novel biomarker in the pathogenesis of peri-
odontal disease. Clin Oral Investig 2015; 19(1): 45-52. doi:
10.1007/s00784-014-1216-3

Karnell JL, Rieder SA, Ettinger R, Kolbeck R. Targeting the
CD40-CD40L pathway in autoimmune diseases: humoral
immunity and beyond. Adv Drug Deliv Rev 2019; 141: 92-103.
doi: 10.1016/j.addr.2018.12.005

Wykes M. Why do B cells produce CD40 ligand? Immunol Cell
Biol 2003; 81(4): 328-31. doi: 10.1046/j.1440-1711.2003.01171.x
Doublier S, Zennaro C, Musante L, Spatola T, Candiano G,
Bruschi M, et al. Soluble CD40 ligand directly alters glomerular

Citation: STEMedicine 2023, 4(1): e 159 - http://dx.doi.org/10.37175/stemedicine.v4.il.159

18.

19.

20.

21.

22.

23.

24.

25.

26.

permeability and may act as a circulating permeability factor in
FSGS. PLoS One 2017; 12(11): e0188045. doi: 10.1371/journal.
pone.0188045

Lamine LB, Turki A, Al-Khateeb G, Sellami N, Amor HB,
Sarray S, et al. Elevation in circulating soluble CD40 ligand con-
centrations in type 2 diabetic retinopathy and association with
its severity. Exp Clin Endocrinol Diabetes 2020; 128(5): 319-24.
doi: 10.1055/a-0647-6860

Prasad KS, Andre P, He M, Bao M, Manganello J, Phillips DR.
Soluble CD40 ligand induces beta3 integrin tyrosine phosphor-
ylation and triggers platelet activation by outside-in signaling.
Proc Natl Acad Sci U S A 2003; 100(21): 12367-71. doi: 10.1073/
pnas.2032886100

Field DJ, Aggrey-Amable AA, Blick SK, Ture SK, Johanson A,
Cameron SJ, et al. Platelet factor 4 increases bone marrow B
cell development and differentiation. Immunol Res 2017; 65(5):
1089-94. doi: 10.1007/s12026-017-8951-x

Smith CS, Parker L, Shearer WT. Cytokine regulation by plate-
let-activating factor in a human B cell line. J Immunol 1994;
153(9): 3997-4005. doi: 10.4049/jimmunol.153.9.3997

Nguer CM, Pellegrini O, Galanaud P, Benveniste J, Thomas
Y, Richard Y. Regulation of paf-acether receptor expression in
human B cells. J Immunol 1992; 149(8): 2742-8. doi: 10.4049/
jimmunol.149.8.2742

Sun SC. The non-canonical NF-kB pathway in immunity and
inflammation. Nat Rev Immunol 2017; 17(9): 545-58. doi:
10.1038/nri.2017.52

Taniguchi K, Karin M. NF-kB, inflammation, immunity and
cancer: coming of age. Nat Rev Immunol 2018; 18(5): 309-24.
doi: 10.1038/nri.2017.142

Zhao B, Barrera Luis A, Ersing I, Willox B, Schmidt Stefanie CS,
Greenfeld H, et al. The NF-kB genomic landscape in lympho-
blastoid B cells. Cell Rep 2014; 8(5): 1595-606. doi: 10.1016/j.
celrep.2014.07.037

Sasaki Y, Iwai K. Roles of the NF-kB pathway in B-lymphocyte
biology. Curr Top Microbiol Immunol 2016; 393: 177-209. doi:
10.1007/82_2015_479

*Priyanka Maunga
Department of Biomedical Sciences
Faculty of Science

Tshwane University of Technology
|75 Nelson Mandela Drive
Pretoria 000

South Africa

Email: maunga/7825@outlook.com


http://dx.doi.org/10.37175/stemedicine.v4.i1.159
http://dx.doi.org/10.1007/s10157-006-0433-8
http://dx.doi.org/10.1038/ki.1986.57
http://dx.doi.org/10.1038/ki.1986.57
http://dx.doi.org/10.1007/s11255-020-02651-3
http://dx.doi.org/10.1002/jcla.1860070606
http://dx.doi.org/10.1038/nri844
http://dx.doi.org/10.1038/nri844
http://dx.doi.org/10.1016/S1074-7613(00)00044-3
http://dx.doi.org/10.1038/ni.2423
http://dx.doi.org/10.3389/fimmu.2021.625181
http://dx.doi.org/10.1161/01.CIR.100.6.614
http://dx.doi.org/10.1007/s00784-014-1216-3
http://dx.doi.org/10.1016/j.addr.2018.12.005
http://dx.doi.org/10.1046/j.1440-1711.2003.01171.x
http://dx.doi.org/10.1371/journal.pone.0188045
http://dx.doi.org/10.1371/journal.pone.0188045
http://dx.doi.org/10.1055/a-0647-6860
http://dx.doi.org/10.1073/pnas.2032886100
http://dx.doi.org/10.1073/pnas.2032886100
http://dx.doi.org/10.1007/s12026-017-8951-x
http://dx.doi.org/10.4049/jimmunol.153.9.3997
http://dx.doi.org/10.4049/jimmunol.149.8.2742
http://dx.doi.org/10.4049/jimmunol.149.8.2742
http://dx.doi.org/10.1038/nri.2017.52
http://dx.doi.org/10.1038/nri.2017.142
http://dx.doi.org/10.1016/j.celrep.2014.07.037
http://dx.doi.org/10.1016/j.celrep.2014.07.037
http://dx.doi.org/10.1007/82_2015_479
mailto:maunga7825@outlook.com

