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Table S1. Clinical laboratory data

Pt 1 Pt 2

1 mo Full-blown HLH 1 mo Full-blown HLH

WBC (103/μl) 2,430 410 4,460 920

No. of neutrophils 150 70 660 50

No. of lymphocytes 1,870 260 2,970 610

Hemoglobin (g/dl) 9.9 9.8 10.3 9.3

Platelets (103/μl) 10 17 29 38

ALT (IU/liter) 15 3,952 38 403

AST (IU/liter) 17 8,440 25 1,254

LDH (IU/liter) 421 23,966 869 17,705

γGT (IU/liter) 151 75 430 1,189

Fibrinogen (mg/dl) 281 312 489 212

D-dimer (μg/ml) 7.77 10.52 3.43 17.90

Triglycerides (mg/dl) 449 443 358 669

Ferritin (ng/ml) 2,594 155,440 2,763 609,760

CRP (mg/dl) 14.76 42.56 13.10 43.65

Per the referral note from Dr. H.C. Erichsen, Pt 3 had severe anemia and
thrombocytopenia at birth, usually increased CRP between 50 and 200 mg/
dl, ESR 60 mm/h at birth, and >100 mm/h afterwards. Ferritin at birth
ranged between 2,000 and 2,500 ng/ml and increased to >100,000 ng/ml
with subsequent HLH episodes. Procalcitonin was low. WBC, white blood
cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; γGT,
gamma-glutamyl transferase; ALT, alanine aminotransferase; AST, aspartate
transaminase; LDH, lactic acid dehydrogenase.
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Table S3. WES/WGS metrics and data output

Pt 1

WES enrichment kit Agilent SureSelect
AllExon v5+UTR

Sequencing platform Illumina HiSeq

No. of reads 115,179,795

Mean read length (bases) 100

Target region coverage (%)

>2× 97.7

>20× 86

>50× 67

Average depth on target 91×

Total number of high-quality variants 127,405

Variants with effect on CDS or affecting splice sitesa 14,224

Private, clinically associated and low-frequency
variantsb

338

Putative disease genes (autosomal recessive trait) 3

Filtered candidate genesc 2d

Putative disease genes (de novo) 4

Filtered candidate genesc 4e

Pt 3

Sequencing platform Illumina HiSeq

Capture design HGSC Core Rebal

Unique aligned MB 9,767

Total MB 10,427

Total read (1.8) 116,780,944

Reads PF (1.8) 103,246,033

Median insert size (bases) 180

Mode insert size (bases) 162

Duplicate reads (%) 7

Average coverage 114

Coverage bases

≥1× 96

≥10× 91

≥20× 87

≥40× 79

Pt 4

WGS preparation protocol TruSeq DNA PCR-free
protocol

Sequencing platform Illumina HiSeq

Target region coverage (%)

>10× 99.12

>20× 95.4

Average depth on target 34×

Putative disease genes (autosomal recessive trait) 4f

Putative disease genes (de novo) 4g

Lam et al. Journal of Experimental Medicine S2

Novel syndrome caused by aberrant CDC42 function https://doi.org/10.1084/jem.20190147

https://doi.org/10.1084/jem.20190147


Pt 3 was identified through a shared CMG database, and studies for Pt 3
included trio WES (performed in Oslo, Norway). Pt 3 then underwent repeat
WES at Baylor College of Medicine (output shown in table above) followed
by Sanger sequence confirmation in both parents. HGSC, Human Genome
Sequencing Center; MB, megabases; PF, pass-filter.
aHigh-quality nonsynonymous single-nucleotide variants and indels within
coding exons and splice sites (±8 bases).
bHigh-quality, functionally relevant variants and unknown, private, or
low-frequency variants (gnomADminor allele frequency <0.1% and frequency
<1% within our ∼1,300-exome database).
cFunctional impact of variants was assessed by CADD v.1.3 (http://cadd.gs.
washington.edu/), dbNSFP M-CAP v.1.0 (http://sites.google.com/site/
jpopgen/dbNSFP), and Intervar (http://wintervar.wglab.org) v0.1.7.
Variants predicted as benign or likely benign by Intervar were discarded, and
only those with a CADD score >15 or an M-CAP score >0.025 were retained.
dATXN7 (c.113_118dupAGCAGC, p.Gln38_Gln39dup) and NOP9
(c.501_509dupGGAGGAGGA, p.Glu167_Glu169dup).
eCDC42 (c.556C>T, p.Arg186Cys), TTN (c.57305T>C, p.Ile19102Thr), GPR158
(c.1976A>G, p.Tyr359Cys), and PLEKHG3 (c.2650C>A, p.Leu884Met).
fIncluding the following genes: DHTKD1, LPL, GALC, and CHSY1.
gIncluding the following genes: LAMA3, ADAMTSL2, CDC42, and FTCD.
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Table S2 is provided online as a separate Excel file and shows hematological and immunological profiles.

Table S4. Vulval phenotypes in C. elegans expressing WT CDC-42 or the
disease-associated mutants

Genotype Transgene Pvl (%) Muv (%) Vul (%) n

WT — 0.5 0 0 >1,000

WT Empty vector 1 0 0 201

WT cdc-42WT 21.1a 3.3b 0 399

WT cdc-42R68Q 11.6a,c 3.2b 0 249

WT cdc-42A159V 38.8a,d 7.1b,e 0 196

WT cdc-42K186C 10.6a,d 2.7b 0 698

let-23(sy1) — 0 0 79.1 134

let-23(sy1) cdc-42WT 0 0 50.1f 192

let-23(sy1) cdc-42R68Q 0 0 48.7f 150

let-23(sy1) cdc-42A159V 0 0 16.1f,g 186

let-23(sy1) cdc-42K186C 0 0 61.7h,i 135

Cdc-42 alleles were expressed under the control of the inducible hsp16.41
promoter. Animals were grown at 20°C and heat shocked at late-L2/early-L3
larval stages. n indicates the number of animals scored. Pvl, Muv, and Vul
phenotypes are expressed as percentage of adult animals with a Pvl,
displaying ectopic pseudovulvae, or completely lacking the vulva,
respectively. Let-23(sy1) is a hypomorphic allele of let-23/EGFR.
In all comparisons, P values were calculated using a two-tailed Fisher’s
exact test.
aSignificantly different from animals expressing the empty vector (P < 1.2e−6).
bSignificantly different from animals expressing the empty vector (P < 0.05).
cSignificantly different from animals expressing cdc-42WT (P < 0.005).
dSignificantly different from animals expressing cdc-42WT (P < 0.00002).
eSignificantly different from animals expressing cdc-42WT (P < 0.05).
fSignificantly different from let-23(sy1) animals (P < 7.8e−7).
gSignificantly different from let-23(sy1) animals expressing cdc-42WT (P <
3.2e−6).
hSignificantly different from let-23(sy1) animals (P < 0.005).
iSignificantly different from let-23(sy1) animals expressing cdc-42WT (P <
0.05).

Table S5. Clonogenic assay of BM cells from Pt 1

BFU-E CFU-GM CFU-G CFU-M CFU-GEMM

Pt 1 (CFU/2 × 105 BM
MNCs)

6 1.5 0 2.5 0

Controls (BM MNCs) 15–45 25–50 5–10 5–10 1–3

Pt 1 (CFU/1 × 103 BM
CD34+)

10 4 ND ND ND

Controls (BM CD34+) 8-84 25-93 ND ND ND

Mononuclear cells (MNCs) or purified CD34+ cells from BM aspirate were
plated in a clonogenic assay in the presence of Methocult and 0.9%
methylcellulose and scored for hematopoietic colonies after 14 d. Colony
number was greatly reduced compared to normal BM cultures of
age-matched healthy subjects. BFU-E, erythroid burst-forming units;
CFU-GM, CFU-granulocyte/monocyte; CFU-G, CFU-granulocyte; CFU-M,
CFU-monocyte; CFU-GEMM, CFU-granulocyte/erythrocyte/monocyte/
megakaryocyte.

Lam et al. Journal of Experimental Medicine S4

Novel syndrome caused by aberrant CDC42 function https://doi.org/10.1084/jem.20190147

https://doi.org/10.1084/jem.20190147

	A novel disorder involving dyshematopoiesis, inflammation, and HLH due to aberrant CDC42 function
	Introduction
	Results
	Clinical features of patients
	Genetic studies
	Biochemical and functional studies
	Clinical profiling of NOCARH syndrome

	Discussion
	Materials and methods
	Detailed clinical history of patients
	Pt 1
	Pt 2
	Pt 3
	Pt 4

	Mutation analyses
	Pt 1
	Pt 2
	Pt 3
	Pt 4

	MS
	Constructs and proteins for biochemical analysis
	Fluorescence assays
	Structural analysis
	SPR
	Cell lines and cultures
	Plasmids for CDC42 expression in HEK
	Pull
	Polarized migration
	Proliferation and viability
	Immunofluorescence analysis of primary fibroblasts and COS
	CRISPR cell line production
	YTS fixed
	SIM
	Immune cytotoxicity assay for NK cell lines and Pt 2 and Pt 3
	Transwell migration assay for immune cells
	Immune conjugation assay
	Peripheral blood immunophenotype
	Dendritic cell flow cytometric analysis
	Clinical flow cytometry for BM analysis/composition
	Functional characterization of proliferation and migration of CD34+ cells
	BM mononuclear cells stimulation and cytokine measurements
	C. elegans studies
	Statistical analyses
	Online supplemental material

	Acknowledgments
	References

	jem20190147si.pdf
	Outline placeholder
	Supplemental material
	Lam et al., https://doi.org/10.1084/jem.20190147
	Table S2 is provided online as a separate Excel file and shows hematological and immunological profiles.






<<
  /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




