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Figure S1. Identification of an SFTPA1 mutation in IPF patients and its effect on the secretion of SFTPA1. (a) Pedigree of a Japanese IPF family: double
lines indicate consanguinity, filled black indicates IPF patients, and diagonal lines indicate deceased siblings. P, patient. (b) The heterozygous (parents) or
homozygous (patients) missense mutation in SFTPA1 (Y208H) as shown by capillary sequencing. SFTPA1 protein domains: the red arrowhead indicates position
of the missense mutation. (c and d) The Flag-tagged SFTPA1 and Myc-tagged SFTPA1 (c; WT or mutant [Mut]) or Flag-tagged SFTPA2 and Myc-tagged SFTPA1
(d; WT or Mut) cDNA was transfected into A549 cells. As a negative control, empty vector (EV) was transfected. 1 d after transfection, the cell pellets (cell) or
supernatant (sup) were immunoprecipitated with anti-Flag antibody, and the immunoprecipitates were blotted with an anti-Flag or Myc antibody. As a control,
total cell lysates were blotted with the anti-Flag or Myc antibody. WB, Western blot. Data shown are representative of five (c and d) independent experiments.
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Figure S2. Increased necroptosis in Sftpa1-KI mice and IPF patients. (a) The breeding scheme for the construction of Sftpa1-KI mice. The point mutation
was inserted at position 208 (Y208H). Southern blot analysis of genomic DNA fromWT and Sftpa1-KI mice. Genomic DNA frommice with homozygous (homo)
mutant allele or WT mice was digested with EcoRI and blotted with 39 and 59 probes. DT-A, diphtheria toxin fragment A; pA, polyadenylation signal; Pr,
promoter. (b) Survival analysis of WT (closed circles) or Sftpa1-KI mice (open circles; number of mice in each independent experiment is 20). **, P < 0.01 by log
rank test. Quantification of hydroxyproline contents in WT or Sftpa1-KI mice (number of mice in each independent experiment is seven) at the age of 35 wk.
Data are means ± SD. **, P < 0.01. (c) Virus titer in lung tissue was evaluated in WT (closed square) or Sftpa1-KI (red circle) mice infected with IAV. Results are
shown as means ± SD. (d) Survival analysis of WT (closed circles), Mlkl−/− (open circles), Sftpa1-KI (red squares), and Sftpa1-KI mice deficient inMlkl (Sfpta1-KI;
Mlkl−/− [closed squares]; number of mice in each independent experiment is 10). **, P < 0.01 by log rank test. The data are representative of three independent
experiments. Quantification of hydroxyproline contents inWT, Mlkl−/−, Sftpa1-KI, or Sftpa1-KI; Mlkl−/−mice (number of mice in each independent experiment is
10) 12 d after IAV infection. Data represent the means ± SD. **, P < 0.01. (e) Histological section was stained with anti–SP-C or pMLKL antibody in controls
(healthy part of lungs from three lung cancer patients) and three IPF patients without SFTPA1 mutation (#1, #2, and #3) and a patient with SFTPA1 mutation
(3P in Fig. S1 a). The scale bar indicates 20 μm. The ratios of pMLKL-positive cells/SP-C–positive cells in five distinct parts of images are shown. Data are
means ± SD. **, P < 0.01. Data shown are representative of five (b–f) independent experiments.
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Figure S3. The inhibition of JNK blocks pulmonary fibrosis. (a and b) The expression of phosphorylated eIF2α (a) or phosphorylated JNK (b) in WT or
Sftpa1-KI mice at the age of 35 wk was evaluated by Western blotting. Data are means ± SD. **, P < 0.01. (c) The expression of pJNK in WT or Sftpa1-KI mice at
the age of 30 wk was evaluated by immunohistochemistry. The pJNK-positive cells (average of the number of pJNK-positive cells in 10 independent fields in
right lung) was counted. Data are means ± SD. **, P < 0.01. The scale bar indicates 20 μm. (d)WT mice were injected with LPS (50 μg), and serum TNFα was
measured 3 h after LPS injection. The JNK inhibitor (30 mg/kg, s.c.) was administered 3 h before LPS injection. Data are means ± SD. **, P < 0.01. The data are
representative of two independent experiments. (e) This is an additional set of experiments for Fig. 3 b. Survival of 20-wk-old WT (red circles), WT infected
with adenovirus carrying Ripk3 (yellow squares), Sftpa1-KI mice infected with control virus (blue circles), Sftpa1-KI mice infected with control virus and treated
with a JNK inhibitor (brown triangles), or Sftpa1-KI mice infected with Ripk3-adenovirus and treated with a JNK inhibitor (green squares; number of mice in each
independent experiment is 10). *, P < 0.05; **, P < 0.01 by log rank test. Data shown are representative of five (a–d) independent experiments.

Takezaki et al. Journal of Experimental Medicine S3

A mutation in SFTPA1 and pulmonary fibrosis https://doi.org/10.1084/jem.20182351

https://doi.org/10.1084/jem.20182351

	A homozygous SFTPA1 mutation drives necroptosis of type II alveolar epithelial cells in patients with idiopathic pulmonary  ...
	Introduction
	Results and discussion
	Patient history and genetic analysis
	A mutation in SFTPA1 disrupts the secretion of SFTPA1
	Mice carrying the mutation in SFTPA1 spontaneously developed pulmonary fibrosis
	Influenza virus infection accelerated pulmonary fibrosis in Sftpa1
	Influenza virus infection accelerated pulmonary fibrosis in Sftpa1
	Increased ER stress and JNK activation contributed to IPF
	Increased Ripk3 expression contributes to IPF

	Materials and methods
	Patients and ethics
	Exome resequencing and DNA sequencing
	Single nucleotide polymorphism homozygosity mapping and linkage analysis
	Mice
	BAL
	Flow cytometry
	Western blotting and immunoprecipitation
	Measurement of matrix metalloprotease
	Real
	Purification of AEII
	Measurement of hydroxyproline
	Histology
	Influenza infection
	Pulmonary function measurements
	Adenovirus infection
	Statistics
	Online supplemental material

	Acknowledgments
	References

	jem20182351si.pdf
	Outline placeholder
	Supplemental material
	Takezaki et al., https://doi.org/10.1084/jem.20182351





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




