Accepted Manuscript

Human TBK1 is required for early autophagy induction upon HSV1 infection

Liyana Ahmad, PhD, Bayarchimeg Mashbat, PhD, Corwin Leung, MSc, Charlotte
Brookes, MSc, Samar Hamad, MSc, Sina Krokowski, MSc, Avinash R. Shenoy,

PhD, Lazaro Lorenzo, PhD, Michael Levin, MD, PhD, Peter O’Hare, PhD, Shen-Ying
Zhang, MD, PhD, Jean-Laurent Casanova, MD, PhD, Serge Mostowy, PhD, Vanessa
Sancho-Shimizu, PhD

PIl: S0091-6749(18)31364-2
DOI: 10.1016/j.jaci.2018.09.013
Reference: YMAI 13644

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 13 November 2017
Revised Date: 28 August 2018
Accepted Date: 7 September 2018

Please cite this article as: Ahmad L, Mashbat B, Leung C, Brookes C, Hamad S, Krokowski S, Shenoy
AR, Lorenzo L, Levin M, O’'Hare P, Zhang S-Y, Casanova J-L, Mostowy S, Sancho-Shimizu V, Human
TBK1 is required for early autophagy induction upon HSV1 infection, Journal of Allergy and Clinical
Immunology (2018), doi: https://doi.org/10.1016/j.jaci.2018.09.013.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jaci.2018.09.013

~ W N

O 00 N o u

10
11

12
13
14

15
16
17
18
19

20
21
22
23
24

25

26

27

28

Human TBK1isrequired for early autophagy induction upon HSV1 infection

Liyana Ahmad, PhB; Bayarchimeg Mashbat, PAPCorwin Leung, MSE; Charlotte Brookes, M$¢ Samar
Hamad, MS&; Sina Krokowski, MSt”; Avinash R. Shenoy, PHDLazaro Lorenzo, PH®; Michael Levin,
MD, PhD’ ; Peter O’'Hare, PhD) Shen-Ying Zhang, MD, PHB®" ; Jean-Laurent Casanova, MD, PAD! ;

Serge Mostowy, Pht¥'; Vanessa Sancho-Shimizu, PHD

aDepartment of Virology, Division of Medicine, Impal College London, Norfolk Place, London W2 1P& U
bDepartment of Paediatrics, Division of Medicinepkmial College London, Norfolk Place, London, W23, RJK
“MRC Centre of Molecular Bacteriology and Infecti@MBI), Imperial College London, London, SW7 2AZKU
dDepartment of Immunology and Infection, London Suhaf Hygiene and Tropical Medicine, London, WC1HT; UK

®Section of Microbiology, Medical Research Counacdn@e for Molecular Bacteriology and Infection, lenfal College London, London,
SW7 2AZ, UK.

fLaboratory of Human Genetics of Infectious Diseablesker Branch, INSERM U1163, Paris, France

gUniversity Paris Descartes, Imagine Institute, Rdfiance

hSt. Giles Laboratory of Human Genetics of Infecti@iseases, Rockefeller Branch, The Rockefellevéhsity, New York, NY, USA
iHoward Hughes Medical Institute, New York, NY, USA

jPediatric Hematology and Immunology Unit, Neckespital for Sick Children, Paris, France

*Corresponding author:

Email: v.sancho-shimizu@imperial.ac.uk
Telephone: +44 02075943914
Address: Department of Paediatrics, Division ofdidene, Imperial College London, Norfolk Place,

London, W2 1PG, UK

Keywords. Autophagy, HSV1, TBK1, TLR, IFN



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

To the Editor:

Mutations disrupting the Toll-like receptor 3 (TLR@ependent-interferon (IFN) pathway can underlie
herpes simplex encephalitis (HSE) of childhood eduby herpes simplex virus-1 (HSV1) infection. Ténes
otherwise healthy HSE patients carry germline nmnatin the TLR3-IFN circuit includingRIF and TBK1" 2
Their dermal fibroblasts show impaired IFN prodaotfollowing HSV1 infection and poly(l:C) stimulati. A
number of these geneBL(R3, TRIF, TBK]Lhave also been implicated in the process of duagp. On the other
hand, HSV1 is known to antagonize the antiviral [f&thway and the autophagy machinery in part vikKT.B
Specifically, TBK1 is targeted by the viral encodawteins ICP34.5, ICP27, VP24 and UL46, compromgsi
anti-viral IFN signalling * In the context of autophagy, TBK1 has been reubto phosphorylate autophagy
receptors such as p62 to promote clearance ofciliudar pathogens including HSMi vitro®. Herein, we
study the role of autophagy in HSV1 infection usttgymal fibroblasts from control and HSE patientthw

autosomal dominant (AD) TBK1 (p.G159A/WT) and awtosl recessive TRIF (p.R141X/R141X) deficiencies.

Despite showing normal autophagy activation af@gamycin and poly(l:C) stimulation, TBK1
fibroblasts showed no induction of autophagy follmgvmultiple stimuli: cyclic di-guanylate monophdste
(c-di-GMP), HSV1 60mer-dsDNA (60mer-dsDNA), and HEMWfection. Following rapamycin, LC3B punctate
signal increased by 3-fold in both control (med2®.0%, rapamycin: 72.3%) and TRIF(media: 21.8%,
rapamycin: 70.0%) fibroblasts, and by 6-fold (medld.0%, rapamycin: 61.1%) in TBKA1 fibroblasts,
suggesting that TRIF and TBK1 were not requiredrégamycin-induced autophagy (FighlandB). To assess
autophagy induced via TLR3, poly(I:C) was used timglate fibroblasts leading to a 12-fold (medial%,
poly(I1:C): 86.5%) increase of LC3B puncta in cohtfibroblasts. TRIF fibroblasts were unable to induce
LC3B puncta, implicating TRIF in poly(l:C)-inducedutophagy. TBKY" fibroblasts however showed a
moderate 8-fold (media: 4.0%, poly(l:C): 31.3%)ucton of autophagy suggesting its partial rol@daty(l:C)-
induced autophagy consistent with its partial impeint of poly(l:C)-induced IFN production (FigAandC)?.
Although the role of dsSRNA-TLR3 pathway in regutetiautophagy has been documented in other ced, litee
involvement in infection remains elusive. In adalitito TLR3-IFN signaling, TBK1 is also involved the
HSV1 DNA recognition pathway via STING-TBK1-IRF3 igh serves to activate type | IFNs, and STING-
dependent autophaQy. To evaluate induction of autophagy via this patiwfibroblasts were transfected with

c-di-GMP and 60mer-dsDNA, known to stimulate STIN@uced autophagy and IFN producfioh Whilst
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mock treated fibroblasts did not show significail@3B induction, we observed a 2-fold (c-di-GMP cohtr
20.7%, c-di-GMP: 45.2%) and 1.8-fold (c-di-GMP toft 18.5%, c-di-GMP: 33.6%) increase in punctate
LC3B in control and TRIF fibroblasts respectively when transfected withi-<G¥P, compared to the c-di-
GMP control. Significant induction of LC3B punctallbwing 60mer-dsDNA transfection was also obserived
control and TRIF fibroblasts by 4-fold (media: 19.6%, 60mer-dsDNB%.8%) and 2-fold (media: 28.0%,
60mer-dsDNA: 67.6%) respectively. However, c-di-Gil 60mer-dsDNA stimulation failed to induce LC3B

puncta in TBK1" fibroblasts (Fig 1A, DandE) suggesting TBK1 is essential for dsDNA-inducetbphagy.

In control fibroblasts, HSV1 infection triggeredL8-fold (non-infected: 0.2 a.u., infected MOI 58 1.
a.u.) increase in LC3BII:I and a 2-fold (hon-infedt 1.0 a.u., infected MOI 5: 0.5 a.u.) reductiomp62 protein
indicating activation of autophagy, as assessedistern blot (Fig 1F). TRIF” fibroblasts also showed a 6-
fold (non-infected: 0.2 a.u., infected MOI 5: 1.21.3 LC3BII:I increase following infection at MOI. BK1""
fibroblasts however showed no change in LC3BIl:Ip&2 following HSV1 infection suggesting impaired
HSV1-induced autophagy. Depletion of endogenous TBEKing siRNA in control fibroblasts recapitulatids
impairment (Fig 1G). Using immunofluorescence imaging, we found tH&8V1 infection triggers two LC3B
phenotypes in control fibroblasts: perinuclear LO3hcta in infected cells and cytoplasmic LC3B pario
antigen-negative-plaque-neighbouring (‘antigen-tiggg cells (Fig 2,A). Whilst the former occurs later in
infection and is likely the phenomenon termed nacidevelop-derived autophagy (NEDA) as it alsonstdi
with LC3A® (Fig 2, A), cytoplasmic LC3B formed early in infection (up 3 hours post-infection) (Fig B).
Strikingly, TBK1" fibroblasts failed to form cytoplasmic LC3B pundtaantigen-negative cells, despite being
able to form perinuclear LC3B later in infectionidR2, A and B). Furthermore, inhibiting TBK1 in control
fibroblasts using BX795 resulted in significant wetion in cytoplasmic LC3B formation (see Fig Eltims
article’s Online Repository at www.jacionline.or§yhilst the lack of early autophagic induction vegecific to
TBK1*" fibroblasts, TRIF fibroblasts only showed delayed induction of autoph(see Fig E2 in this article’s
Online Repository at www.jacionline.org), suggegtits partial involvement in HSV1-induced autophagke
antigen-negative LC3B puncta has been previouglgrted in HSV1-infected mice trigeminal neurons Wwat
shown to be cGAMP-independent and IFN-deperidéntcontrast to this, we find this phenomenon & b
TBK1-dependent and IANindependent since TRIF fibroblasts, shown to have undetectable IRF3
phosphorylation and IFNs after HSV1 infectidisee Fig E3A and E4 in this article’s Online Repository at

www.jacionline.org), were able to induce this phgpe. Furthermore, IFN treatment was able to induce
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autophagy in TBKY fibroblasts, ruling out the role of IFN in induciraytoplasmic LC3B puncta in HSV1
infection (see Fig E5 in this article’s Online Rsjtory at www.jacionline.org). TBK fibroblasts also failed

to reduce STING following HSV1 infection in conttas control and TRIF fibroblasts suggesting HSV1
induction is STING dependent (see Fig B3, We confirmed similar HSV1-induced autophagy pitgpes in
primary fibroblasts from which these SV40-immoueali cell lines were derived from (see Fig E6 irs thi
article’s Online Repository at www.jacionline.orghese results show that the two types of autopli#gr in
localization (cytoplasmic vs perinuclear) and tenghaesponse to HSV1 infection, implying that thegve
different functions. We decided to focus on the TB#ependent early cytoplasmic phenotype as the late
perinuclear LC3B, likely NEDA, was induced in aklis and has been reported to be a generalizedsstre

response to viral late protein producfion

We next sought to understand how the differerggtrrs of autophagy affect HSV1 infection.
Following pre-treatment with poly(l:C), HSV1 repditon was significantly reduced in control fibrostia which
can be attributed to the production of IFKFig 2, C and D). Consistently, with a low dose of HSV1, no viral
plague was observed in control fibroblasts whichileited cytoplasmic puncta in response to the paby(
treatment (Fig 2C, D, Eand G). Interestingly, poly(l:C)-induced LC3B puncta TBK1"" fibroblasts was
detectable following HSV1 infection. This pre-enbed autophagy and IFN\production in TBK1" fibroblasts
however did not improve cell viability or viral régation in contrast to control fibroblasts (Fig@G). TRIF"
fibroblasts failed to induce autophagy or IFNsduling poly(l:C) treatmentand hence were not protected
against HSV1 infection (Fig 2D). Notably however, cytoplasmic LC3B puncta wassprg upon HSV1
infection of TRIF fibroblasts, confirming that the formation of cytagmic LC3B puncta is IFN-independent
(Fig 2,C, DandG, Fig E3,A and E4). Rapamycin pre-treatment led to the indnadf autophagy in control,
TRIF" and TBKI" fibroblasts as expected (Fig @,and G). In control and TRIF fibroblasts, upregulating
autophagy using rapamycin prior to HSV1 infecti@sulted in the same proportion of cytoplasmic LC3B
puncta post-infection (non-treated infected vs nayan infected) (Fig 2C andG). In contrast, rapamycin pre-
treated TBK1" fibroblasts showed a 4-fold (non-treated infec&d% vs rapamycin-infected: 35.5%) increase
of cytoplasmic LC3B puncta in antigen-negative dilasts following HSV1 infection (Fig 2C and G).
Rapamycin pretreatment did not affect viral reglma in all cells however it significantly improvecell
viability of TBK1*" cells (non-treated: 55.0% vs rapamycin treated?% (Fig 2,E, FandG). Taken together,

this shows that rapamycin-induced autophagy sekdgtincreased the number of cytoplasmic LC3B, \whic
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confers a cytoprotective effect by increasing eédibility in TBK1*" fibroblasts. This protective effect of

rapamycin could not be attributed to IFis rapamycin did not induce IBNFig 2,D).

In conclusion, we show that in addition to itsieiral role in IFN production via TLR3 and STING"
® TBK1 induces autophagy upon HSV1 infection. Wendastrate that TBK1-induced autophagy occurs early
during HSV1 infection in antigen-negative fibrolilgscan be mediated by c-di-GMP or HSV1 dsDNA and i
TLR3- and IFN-independent. TBK fibroblasts derived from a HSE patient harboringaminant negative
mutation had a selective impairment of autophagudtion early in infection represented by the ladk
cytoplasmic LC3B puncta formation. We believe thast or viral induced factors, possibly acting asger
signals, can trigger autophagy in antigen-negdttw®blasts promoting cell survival without influeing viral
replication. This study highlights a possibly cytoiective role for TBK1 in HSV1-induced autophaghigh

may serve to control inflammation and has poteiiglications for patients with HSE.
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FIGURE LEGENDS

FIG 1. TBK1" fibroblasts show impaired cytosolic-dsDNA- and HSV1-induced autophagy. (A)
Immunofluorescence images of LC3B puncta (greed) BAPI (blue) infibroblasts. Quantification of LC3B
puncta positive fibroblasts stimulated w{) rapamycin(C) poly(l:C), (D) cdi-GMP or cdi-GMP control, and
(E) 60mer-dsDNA.(F) Immunoblots and densitometric graphs of HSV1-itdddibroblasts(G) Immunoblot
confirming TBK1 siRNA knockdown in control fibroblasts; immumiots for LC3B, p62, GAPDH in HSV1-
infected TBK1 knockdown fibroblasts. Viral titre é@nimmunofluorescence images of infected TBK1
knockdown fibroblasts. L; Lipofectamine, (all exjmeents were performed at least three times; meaBEM,;

*oex P <0.0001, **P <0.001 and P <0.05).

FIG 2. TBK1" fibroblasts lack cytoplasmic LC3B puncta induced early in HSV1 infection. (A, B, C)
Immunofluorescence images of fibroblasts stainedH8V1 ICP4 (red), LC3B or LC3A (green), and DAPI
(blue). White arrows indicate cytoplasmic LC3B, lgal arrows indicate perinuclear LC3A/B. Dashed $ine
mark the plaque boundar¢D) IFNB production,(E) viral titre, (F) cell viability and(G) cytoplasmic LC3B
puncta positive fibroblasts were quantified. nrmbf-detectable, (n=3; means + SEM; *P*<0.0001, ***P

<0.001, **P <0.01 and P <0.05).
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Legends for Online Repository Figures

Fig E1 - TBK1 inhibition reduced cytoplasmic LC3B puncta formation but did not
affect perinuclear LC3B formation following HSV1 infection (A) Control and TBK1"
fibroblasts were pre-treated with 1 pM of BX795 i@ hours before infecting with HSV1
(MOI 10) for indicated length of time, and beingédfdl and stained for LC3B (green) and/or
ICP4 (red). DAPI (blue) was used the nuclear stdime scale bar of each representative
image is 20 um. Inset represents the magnified wiethie indicated area and has a scale bar
of 10 um. White arrows indicate cytoplasmic LC3Bile yellow arrows indicate perinuclear
LC3B. (B) The percentage of cells positive for cytoplasmic3BGhuncta in (A) was counted
on a minimum number of >100 cells. Images are wmpr@tive of three independent
experiments (n=3). Data are represented as meaBM &d were analysed by two-way

ANOVA; ** P<0.01.

Fig E2 - TRIF™ fibroblasts showed delayed cytoplasmic LC3B punctéormation — (A)
Fibroblasts grown on coverslips were infected witBv1 (MOI 10) for indicated lengths of
time before being fixed and stained for endogend3B (green) and/or HSV1 ICP4 (red)
proteins. DAPI (blue) was used as the nuclear sfEiie scale bar of each representative
image is 20 um. Inset represents the magnified wikthe indicated area and has a scale bar
of 10 um. White arrows indicate cytoplasmic LC3Bijle yellow arrows indicate perinuclear
LC3B. (B) The percentage of cells positive for cytoplasmic8BGuncta in (A) was counted
on a minimum number of >100 cells. Images are sspr@tive of three independent
experiments (n=3). Data are represented as meaBM: &d were analysed by two-way

ANOVA; *** P<0.001 and **P<0.0001.

Fig E3 — Endogenous protein levels of TBK1, IRF3, hpsphorylated IRF3 and STING
during HSV1 infection. Control, TRIF and TBKZI" fibroblasts were infected with HSV1

(MOI 1) for indicated lengths of time. Whole-cejishtes were electrophoresed and probed
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for endogenous (A) TBK1, IRF3 phosphorylated IRR8 éB) STING proteins. GAPDH was

used a loading control. Relative level of STINGZAPDH was measured by densitometry.

Fig E4 — TRIF" and TBK1™ fibroblasts showed impaired IFN} production following
HSV1 infection. Control, TRIF- and TBKI” fibroblasts were infected with HSV1 at
indicated MOiIs for 24 hours before collecting suya¢ants and measuring IBNby ELISA.
Data are represented as mean = SEM and were athddyde/o-way ANOVA; n=3; P<0.05

and **** P<0.0001.

Fig E5 - IFN-induced autophagy in fibroblasts(A) Control, TRIFand TBK1" fibroblasts

were stimulated with 1XFf0U/mL of IFNa-2A for 24 hours before being fixed and stained
for endogenous LC3B (green). DAPI (blue) was usedha nuclear stain. The scale bar of
each representative image is 20 um. Inset repeiemtmagnified view of the indicated area
and has a scale bar of 10 um. White arrows indic@®@B puncta. Images are representative

of three independent experiments (n=3)

Figure E6 - Primary fibroblasts showed similar HSVtinduced autophagy phenotypes to
SV40-transformed fibroblasts Primary fibroblasts grown on coverslips were atéel with
HSV1 (MOI 10) for 3 or 8 hours before being fixettlestained for endogenous LC3B (green)
and/or HSV1 ICP4 (red) proteins. DAPI (blue) wasdias the nuclear stain. The scale bar of
each representative image is 20 um. Inset repreiemtmagnified view of the indicated area
and has a scale bar of 10 pm. White arrows indicgtplasmic LC3B, while yellow arrows
indicate perinuclear LC3B. Images are represemtati/ three independent experiments

(n=3).
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METHODS

Cdll lines
Human SV40-immortalized dermal fibroblasts from Itea control, TBKI” (p.G159A), TRIF
patient§" ¥2 and Vero (African green monkey kidney) cells weraintained in 5% Cg&ncubator at

37°C in DMEM supplemented with 10% fetal bovine ser(#BS).

Viral infection and quantification

Human fibroblasts were infected with HSV1-GFP (K&&in with GFP-tagged capsid protein VP26)
or HSV1 (strain 17AR+) at various MOIs and timegsifior immunoblot and immunofluorescence
experiments. After 1 hour infection in DMEM supplemted with 2% FBS, the virus was removed and
new media added with 1% HSV1 human neutralizingbady. Viral titres were determined by
infecting a confluent monolayer of Vero cells inl2-well or 96-well plate, and performing plaque

assay on them or calculating the 50% end point DE@inL)=>.

Simulation and treatments

Fibroblasts cells were stimulated with 25 pg/mLpoty(1:C) (GE Healthcare), 10 nM of rapamycin
(Calbiochem) or 1X10U/mL of IFNo-2A (PBL Assay Science) for 24 hours, or treatethwiuM of
TBK1 inhibitor BX795* (Sigma) for 16 hours, or transfected with 8 pg/ailc-di-GMP (Invivogen)

or c-di-GMP control (Invivogen) for 2 hours, or /mL of HSV1 dsDNA (60mer sequence: 5
TAAGACACGATGCGATAAAATCTGTTTGTAAAATTTATTAAGGGTACAAAT TGCCCTAGC-

3’; Integrated DNA Technology) for 3 hours. C-di-GMfdi-GMP control and HSV1 dsDNA were
delivered by Lipofectamine® 2000 (L) transfectidfor pre-treatment experiments, fibroblast were

incubated with either rapamycin or poly(I:C) for Aéurs before infecting with HSV1.

Cell viability assay
Cells were plated in a flat-bottomed 96-well plateriplicates at a density of 0.18X4@ells/mL in
10% FBS-supplemented DMEM. Fibroblasts were pratée for 16 hours before being infected with

HSV1 MOI of 1 for 24 hours. The viability of fibrédsts was measured using CellTiter 96® AQueous
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Non-Radioactive Cell Proliferation Assay (MTS) kRromega) and performed as per manufacturer’s

instructions. Cell viability was determined by naliming to non-infected cells of each cell line.

RNA interference

Cells were seeded in 10% FBS-supplemeted DMEMQEXAL® cells/well in a flat-bottomed 24-well
plate and incubated for 18 hours in’G7humidified incubator. Medium was then replacethviiesh
2% FBS-supplemented DMEM and cells were transfeettti 15 nM of scramble (siNegative)
(Ambion) or pooled three TBK1-specific (siTBK1) sknimterfering RNAs (siRNAs) (siRNA ID no.
134003, 134002 & 899, Ambion) at 80% confluencyngskipofectamine® RNAIMAX vector (Life

Technologies) and incubated for further 48 hour37AC incubator.

Immunofluorescence and quantification of puncta-positive cells

Cells were grown at 50% confluency on 13 mm diamedeerslips and fixed with 100% methanol on
ice, before washing them with 1X phosphate buffesalihe (PBS). Blocking was done in 10%-FBS
PBS and cells were permeabilized with 0.1% TritakOQ in PBS. Staining was done in a moist
chamber using the following antibodies: LC3B (15@ilution, Abcam), cleaved LC3A (1:100

dilution, Stratech), HSV1 immediate early prote@PU (clone 10F1) (1:500 dilution, Virusys), Alexa
Fluor-488 and -594 conjugated secondary antibo@ies50 and 1:1000 dilutions respectively, Life
Technologies). Images were taken with 63X oil-imsi@n lens on a widefield fluorescence
microscope (Zeiss Axio Observer). The number of BGRincta-positive cells was quantified on a

minimum number of 100 cells per experiment.

Immunoblotting

Whole-cell lysates of fibroblasts infected with HEYor 48 hours were harvested in 1X Laemmli
buffer supplemented with protease inhibitor codki®ioche), 109%3-mercaptoethanol and 1:1000 of
benzonase nuclease (Sigma). Lysates were denancedlectrophoresed on 12% tris-glycine or 10%
bis-tris gels (Biorad). Proteins were transferratooPVDF membrane (Invitrogen), probed with
primary and secondary horse-radish peroxidase (H@Rjugated antibodies (1:1000 and 1:10, 000
dilution respectively) and subsequently detectethgusenzyme-chemiluminescent reagents (GE

Healthcare). For LC3B immunoblots, bafilomycin A%igma) was added to culture medium for 6



60
61
62
63
64
65
66
67
68
69

70

71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

hours prior to lysis for immunoblotting to block B8II recycling to LC3BI. The following antibodies
were used for immunoblotting: LC3B (Cell Signaliigchnology), p62 (MBL International), TBK1
(Cell Signaling Technology), IRF3 (D83B9) (Cell 8aling Technology), IRF3-phospho (S396) (Cell
Signaling Technology), STING (D2P2F) (Cell Signglifiechnology), and GAPDH-HRP (Santa Cruz

Biotech). GAPDH was used as a loading control.

ELISA
IFNB secretion in recovered supernatants of cells need with rapamycin or poly(l:C) for 24 hours
was measured using the VeriKine-¥{Shuman IFNs serum ELISA kit (assay range: 1.2 — 150 pg/mL)

(PBL Assay Science) following the manufacturer'stinctions.

Satistical analysis and software

Immunofluorescence images were analysed by Icyvaoét Densitometric analyses of immunoblots
were carried out using ImageJ. Statistical sigaifite was assessed by two-way ANOVA using Prism
7 (Graphpad) software. Number of fluorescent aallsC3B puncta-positive cells was quantified using

ImageJ software. All experiments were performel@att 3 times.
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