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Supplemental clinical information, figures, tables and legends
Supplemental Note
Family W09-1628

Individual V:7. Otoscopy revealed a fragile appearance of the malleus and an underdeveloped

superior part of the auricle. These abnormalities were also seen in his brother (V:8) with
normal hearing. CT imaging revealed no inner ear anomalies.

A dip at 4 kHz in the right ear was observed in pure tone audiometry. Such a dip is
specifically associated with noise exposure although no excessive noise exposure was
reported by the affected individual.

Individual 111:6. The affection status of I11:6 is indicated with a question mark in the pedigree

(Figure 1) because his hearing loss (HL) might well be caused by other factors than the
segregating genetic defect (Figure 1 and Figure S5). The HL in the left ear of individual I11:6
had an onset between 45.56 and 46.46 years of age. Before the age of 45 years hearing was
normal, as shown in Figure S3.

Individual V:10. This individual has a symmetric, mild mixed HL which can be explained by

his recurrent otitis media.

Individual 111:2. This individual, indicated to have balance problems while walking

on uneven ground and when walking on a straight line. He is a spouse and does not carry the

genetic defect segregating in the family.

Individual 111:5. With regard to hair and eye color, individual I111:5 was lighter than all other
family members. She heterozygously carries the rs12821256 G allele that is associated with

blond hair (Figure S5).*

Family S1489



Otoscopy did not reveal any abnormalities for the affected father and son (11:1 and I11:1,
respectively) and there was no evidence of non-genetic causes of the HL. MRI did neither
demonstrate inner ear abnormalities nor cerebellopontine angle pathology. Propositus I11:1

indicated to have suffered from atopic dermatitis in the past.
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Figure S1. Expression of wild-type and aberrant soluble KITLG as detected by
inmunofluorescence in transfected NIH3T3 cells used in the ELISA assays.

Cells were permeablized and incubated with anti-KITLG and Alexa488 goat anti mouse (left
column), GFP signal (middle column) and merged (right column). Nuclei were stained with

Hoechst (in blue). “WT” means wild-type.
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Figure S2: KITLG concentrations determined by ELISA. NIH3T3 cells transfected with a set
of plasmids encoding FLAG-tagged wild-type and aberrant transmembrane KITLG were
lysed and 10 ul of cell extracts were analysed by ELISA. Expression of wild-type and

aberrant KITLG was readily detected. Data are means £SD. “WT” means wild-type.
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Figure S3. Pure tone air-conduction audiograms of individuals of family W09-1628 who have
the KITLG ¢.286_303delinsT variant. Thresholds of the right (R) and left (L) ears are shown
separately. Age is indicated in years between the audiograms of R and L ears. When
available, longitudinal data are shown. The dashed lines in the audiograms represent the Pgs
thresholds related to the person’s sex and age at the last measurement. Audiograms of

individuals with UHL (A), AHL (B), normal hearing (C) and questionable affection status

(D) are indicated.
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Figure S4. Genome wide LOD scores as calculated using SuperLink online SNP 1.1 software.
The Y axis represents LOD scores and the X axis genetic distance in centimorgans (cM), per
chromosome. The blue lines mark a LOD score of 3.3 indicating genome wide significance
and a LOD score of -2.0 indicating exclusion of linkage. In the calculations, windows of 10
SNPs were used; penetrance was set at 70% and the disease allele frequency at 0.001. There
is only one region in chromosome 12921.32-923.1, delimited by rs10459171 and rs35723,
(chr12:87,808,426-100,960,087; GRCh37, hgl9) with a significant maximum LOD score of

4.27 for rs7132875 and rs7309222.
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Figure S5. Genotypes of VNTR markers and SNPs in regulatory sequences of KITLG. VNTR
marker order is according to the Marshfield map. In brackets, the genotypes are indicated

which were inferred from the pedigree information. For privacy reasons, the genotypes for



the disease allele have not been indicated for unaffected individuals with the
€.286_303delinsT mutation except for those with affected offspring. Recombination events in
individuals IV:1 and IV:3 define the disease allele (in pink) flanked by D12S88 to D12S346.
Only one individual of unclear affection status (111:6) and three symptomatic individuals with
the mutation (111:9, 1V:1, V:7) were heterozygous for the A allele of SNP rs6427402 (allele
frequency 92% in West Africans?). The G allele of rs12821256, which is associated with
blond hair, is most prevalent in northern Europe.' Only individual 111:5 has a G allele for
rs12821256. Her hair and eye color are lighter blond and blue, respectively, when compared

to the other family members (Table S4).



Figure S6. A molecular modeling of the KITLG variants p.His67_Cys68delinsArg and
p.Leul04Val using PDB files 1cfs and 2026. The model for KITLG and KIT was constructed
using the PDB files 1scf and 2026 as templates.® The 1scf file contains the structure of human
KITLG. In order to study the interaction of KITLG with the KIT receptor we constructed the
Kit-Kitl complex using PDB-file 2026. The 2026 file contains the structures for KITLG and
KIT from mouse, which are 77% and 67% identical to respectively KITLG and KIT in
humans. The generated human KIT model was superposed on the mouse KIT-KITLG
complex. The YASARA* and WHAT IF Twinset® were employed (with default parameters)
for model building and subsequent analyses.® A) A close-up of the loop affected by the
p.His67 Cys68delinsArg variant. In green, the intramolecular disulfide bond formed by
Cys68 and Cys163 is presented. The inserted Arg and Cys163 that is left without a binding
partner are presented in red. Loss of the Cys68-Cys163 intramolecular bond is predicted to
affect the local structure of the loop and the overall active KITLG conformation. The wild-

type protein is in grey, the substituted in moss-green. B) Overview of the KIT receptor in



orange, the wild-type KITLG in blue, and the KITLG with p.His67_Cys68delinsArg in grey.
The amino acid residue affected by the substitution is in red. C) A close-up of the a-helix
affected by the p.Leul04Val variant. In green, the wild-type Leul04 is shown and in red the
variant Val104. Valine is smaller than leucine and it prefers B-sheets rather than a-helices.
Therefore, p.Leul04Val might have a disruptive effect on the secondary structure of KITLG.
D) Overview of the KIT receptor (orange) and the KITLG (grey) with the substituted

Leul04, the side chain of this residue is shown as red balls.
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Figure S7. KITLG detection on Western blot of NIH3T3 cells transfected with constructs
encoding transmembrane wild-type, p.His67_Cys68delinsArg, p.Leul04Val and p.Ser96Ter
KITLG. Transfected NIH3T3 cells were homogenized in lysis buffer (150 mM NaCl, 50 mM
Tris HCI, pH 7.4, 5 mM EGTA, 5 mM EDTA, 1% Triton X-100, 25 Ig/ml leupeptin, and 1
mM phenylmethylsulphonylfluoride) and kept on ice for 30 min. After centrifugation at
10,000g (4°C) for 5 min, 50 ug of protein were mixed 1:1 with SDS-PAGE sample buffer (50
mM Tris—CIl, pH 6.8, 50 mM DTT, 2% SDS, 10% glycerol, 5% BME). Proteins were
separated in a SDS-PAGE gel and transferred electrophoretically to nitrocellulose
membranes. After blocking with 5% skimmed dry milk in 1% TBS (pH 7.6), 0.1% Tween 20
for 1 hr at RT, blots were incubated with the mouse anti-FLAG antibody (1:1000) (SIGMA,
F1804)) overnight at 4°C. After washing, membranes were incubated with sheep anti-mouse
IgG (1:10000) conjugated with HRP (Amersham Biosciences) for 1 hr at RT. Bands were
visualized by enhanced chemiluminiscence (Clarity Western ECL substrate; Biorad) and

exposed to X-ray film at different time points. Beta-actin was used as loading control. Arrows



indicate bands of ~15, ~16, ~28 and ~68 kDa, respectively. Shown data is a representative of
three independent experiments. Besides the ~28 kDa band corresponding to the expected size
of FLAG-tagged KITLG, several other bands spanning a molecular weight range of about 28-
35 kDa were detected, indicating extensive and heterogeneous glycosylation.”® An additional
band of 15 kDa was readily detected for the truncated p.Ser96Ter KITLG and was also
present in the other samples, but with less intensity. This protein might represent the usage of
an alternative ATG codon, downstream of the codon of Serine 96, and in frame with the three
FLAG tags. A lighter second band of around 16 kDa was also detected in all samples which
might be the result of proteolytic processing of the protein. Although the transmembrane
isoform, expressed in this experiment, lacks the proteolytic cleavage site (encoded by exon
6), alternative proteolytic might have occurred as has been proposed for the murine Kitl.?
Finally, a band of ~68 kDa was detected which is more intense for the
p.His67_Cys68delinsArg mutation than for the other mutations and control suggesting an
increased tendency to aggregate. The bands of about 16 and 15 kDa were not detected when
we used the anti-KITLG antibody that is directed against the N-terminal region of the human

KITLG (data not shown).
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Figure S8. p.His67_Cys68delinsArg, p.Ser96Ter and p.Leul04Val aberrations do not lead to
clear alterations of KITLG levels in blood. To analyze KITLG expression in human blood, 1
ml of blood was collected from individuals I1:1 of family 12-01744, V:1 of family W09-1628
and I1:1 of family S1489. Blood samples were centrifuged for 15 min at 15000 rpm at 4 °C.
One pl of supernatant was used for Western blot analysis with the anti-KITLG antibody
(abcam, ab52603, anti-SCF) as primary antibody (1:1000) and the sheep anti-rabbit IgG
(1:10000) conjugated with HRP (Amersham Biosciences) as secondary antibody. Western
blot analysis was performed as described in the legend of Figure S7. Samples were analyzed
on 12% SDS-PAGE followed by Western blotting with polyclonal anti-KITLG. No
differences were observed between samples of control individuals and those of individuals
with a KITLG mutation. There was no band visible that could expectedly represent the

truncated p.Ser96Ter KITLG.
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Figure S9. Kitl expression in mouse cochlea. Cochlea cDNA derived from cochlea RNA of
postnatal (P) days P2 and P18 129sv wild-type mice was kindly provided by Prof. Guy
Richardson (Sussex University, UK). PCR was performed with this cDNA as template and
primers for Actb and Kitl and subsequently size-separated on 1% agarose gel according to
standard protocols. To quantify Kitl expression, one pl of cDNA was used as template for
quantitative PCR with SYBR Green (11066420, SYBR Green | Master, Roche Diagnostics).
The gene for ribosomal 18S rRNA was employed as housekeeping gene for data
normalization. The differences in expression were calculated by subtracting the obtained CT

values of Kitlg and 18S rRNA, respectively, according to the following equation: ACT = CT



(Kitlg) — CT (18S rRNA). A) Transcripts of Kitl in P2 and P28 mouse cochlea. Actb was
employed as control. B) Quantitative PCR revealed changes of relative KITLG transcript
levels during functional maturation of the mouse cochlea. For statistical evaluation the

Student’s t-test was performed. Error bars represent standard error of means.



Supplemental tables and legends:
Table S1. Primer sequences.

Target Primer Oligonucleotides
Forward TGGGGTTTAAAGCATAGACTG
rs642742
Reverse TGTGGTAATGGGTGAGTCTG
Forward AAGTATGCCCAAAGGATAAGG
rs12821256
Reverse GAGTGCTTTGTTCCAACTTAGTC
KITLG_mRNA_
NM 0039945 BamHI F Forward CGCTGCGGATCCTTATGAAGAAGACA
KITLG_mRNA_
NM 0039945 Xhol R1 Reverse CGAAAGTAACAGTGTTGACTCGAGCCACAA
KITLG_mRNA_

NM 0039945 Xhol R2 Reverse ACAAGCCACTCGAGCACTTCTTGAAACTCTC
KITLG_intron ex3-4_gateway _F Forward | GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGGAAGTTTGAGACAGCCTGG
KITLG intron ex4-5_gateway R Reverse GGGGACCACTTTGTACAAGAAAGCTGGGTCGCAGGACTGATTTTGCATTG

pCl-Neo-Rho-Insert Fw Forward CGGAGGTCAACAACGAGTCT

pCl-Neo-Rho-Insert Rev Reverse AGGTGTAGGGGATGGGAGAC
Forward GCTCCAGAACAGCTAAACGG
KITLG_Exonl
- Reverse CAGCTGCAAGTCCCAGG
Forward GGTGAGCATAGCTTGAATGC
KITLG_Exon2
Reverse GCAGTGGTGTGCAACTAGC
Forward TGCTTTTCTCCAAAGCACTAC
KITLG_Exon3
- Reverse CAATAAGCAAGCTCCTAAATAGC
Forward TGGCAGGCACTTGTAATCTG
KITLG_Exon4
Reverse CTTGTTTTCTTTGCTCATCTG
Forward CATACGTTAAAACAGCCATCTAAAAG
KITLG_Exon5
Reverse TCTTGCTACAGCTTAACACAGAGG
Forward AGACCTGGCAAGTAATCTGG
KITLG_Exon6
- Reverse AGAAGACCATAAAAGGAATAACAG
Forward CTTGCAAAAGCAATATTCAGC
KITLG_Exon7
Reverse TCAGCTAGAGGGATTGTCTCC
Forward CAGCTTCTTTATTACTCTTTAGCCC
KITLG_Exon8
- Reverse ATGGAGATGCAGCACTGAAG
Forward AGAAGGTAGGCTCCCCATTC
KITLG_Exon9
- Reverse ACAATGGAGCCTGTCATGG
KITLG_control Forward 6FAM CTCCGAGTTTTATGGCACTTAC
testing_p.His67_Cys68delinsArg Reverse CTTGTTTTCTTTGCTCATCTG
. Forward GACAGCTTGACTGATCTTCTGG
KITLG_control testing_p.Ser96Ter
Reverse GAGTTTTCTTTCACGCACTCC
. Forward TATGATAACCCTCAACTATGTCGC
Kitl_gPCR_cochlea
Reverse TTGTCCAGAAGAGTAGTCAAGC
Forward CGGCTACCACATCCAAGGA
18S rRNA
Reverse AATTACCGCGGCTGCTG
Acth Forward GATGGTGGGCATGGGTCAGA
C
Reverse GGATGTCCACGTCACACTTCATGA
Kil Forward CGGGAATCCTGTGACTGATAA
i
Reverse CCACTGTGCGAAGGTAACAA

For the primer design to amplify KITLG, NM_003994.5 and NM_000899.4 were used. For

Actb, uc009ajk.1 was employed and for Kitl, ucO07gxp.1.



http://www.ensembl.org/Homo_sapiens/Variation/Summary?v=rs642742;toggle_HGVS_names=open
http://www.ensembl.org/Homo_sapiens/Variation/Summary?v=rs12821256;toggle_HGVS_names=open

Table S2. Overview of the results of audiometry, otoscopic examination, and vestibular

function tests in family W09-1628.

Subject Age at Type of PTA (1,2,4 kHz) Speech Otoscopic Vestibular function test
evaluation hearing discrimination examination
R L R L Rotary Caloric test
chair
11:4* 83 Normal 50 55 40% at 100 30% Normal NT NT
dB at
100
dB
11 75 UHL 12 >108 100% at 60 0% at Normal NT NT
dB 80dB
11:5 57 UHL 8 >120 100% at 60 0% at Normal Asymmetry Asymmetry
dB 120 Hyporeflexia to the
dB detriment of
L
11:6° 55 AHL 18 116 0% at 120 100% Normal NT NT
dB at 60
dB
11:9 50 AHL 40 40 90% at 100 88% Normal NT NT
dB at 80
dB
v:1 51 UHL 13 3 100% at 80 NT Normal Hyporeflexia Asymmetry
dB to the
detriment of
R and
hyporeflexia
R
Iv:3* 48 Normal 8 12 NT NT Normal NT NT
IV:52 47 Normal 5 5 NT NT Normal NT NT
Iv:72 37 Normal 8 8 NT NT Normal NT NT
V1l 25 AHL >120 8 0% at 120 100% Normal Normal Asymmetry
dB at 60 to the
dB detriment of
R and
hyporeflexia
R
V5 26 AHL 65 32 80% at 110 100% Normal Normal Normal
dB at 80
dB
V:6 22 AHL 92 48 0% at 120 100% Normal Normal Normal
dB at 90
dB
V7 22 UHL 20 108 95% at 60 0% at R+L: fragile Hyporeflexia Bilateral
dB 120 malleus marginal
dB caloric
hyporeflexia
V:11 8 AHL 17 12 97% at 80 97% Normal NT NT
dB at 50
dB

Listed individuals are heterozygous for the KITLG ¢.286_303delinsT mutation. Data for

unaffected individuals with the mutation but without affected offspring are not indicated.

normal hearing; ° other causes of HL cannot be excluded; NT, not tested. PTA of 1,2,4 kHz

of the last audiogram is presented.




Table S3: Overview of the results of the hematological evaluations in family W09-1628.

Subject evﬁ?uea?iton Gender p.Ser96Ter HL A?]?géa;yby Ha:ﬂn;;)glll(lj_bm Hematocrit Ery;glrzt;ﬁytes n’ﬂggﬁ_ MCV fL MCH fmol RDW % TrOTOB?EyteS
11 63 F Yes Yes No 8.20 0.39 4.27 20.90 92.00 1.92 12.80 216.00
111.5 62 F Yes Yes No 8.60 0.40 431 21.30 94.00 2.00 13.40 286.00
111:6 63 M Yes Yes No 9.90 0.44 4.93 22.30 90.00 2.01 13.00 206.00
111:10 53 F No No Yes 9.40 0.44 5.11 21.30 86.00 1.84 12.80 296.00
IV:1 56 M Yes Yes Yes 8.80 0.40 4.43 21.80 91.00 1.99 12.70 204.00
IV:3 53 F Yes No Yes 7.50 0.36 3.88 20.60 94.00 1.93 12.80 190.00
IvV: 7 42 F Yes No No 8.40 0.38 4.15 22.40 90.00 2.02 13.20 289.00
1V:9 25 F No No Yes 9.10 041 4.55 22.00 91.00 2.00 12.80 309.00
Vi1 31 M Yes Yes No 9.00 0.41 4.49 21.90 92.00 2.00 12.50 246.00
V:2 29 F No No No 8.30 041 4.52 20.40 90.00 1.84 13.10 252.00
V:3 26 F No No No 8.00 0.38 411 20.80 94.00 1.95 12.70 245.00
V:5 31 M Yes Yes No 8.70 041 4.32 21.30 95.00 2.01 12.30 250.00
V:6 28 M Yes Yes No 9.10 0.43 4.45 21.40 96.00 2.04 12.40 169.00
V:11 13 M Yes Yes No 8.50 0.37 441 22.70 85.00 1.93 12.50 314.00

. Reticulocytes RetlculocyFe Auto diff. Auto diff. Auto diff. AL_JtO dn?fl Auto diff.
. Age at Leukocytes10%/L Retlculqcytes absolute haem_oglobm neutrophils | lymphocytes | monocytes eosinophilic granulocytes
Subject evaluation Gender | p.Ser96Ter | HL permille 109 equivalent 109 1091 1091 granuLocytes 1091
fmol 10°/L

1: 1 63 F Yes Yes 7.30 10.00 41.00 2.12 3.15 2.92 0.54 0.60 0.09

111.5 62 F Yes Yes 7.20 10.00 41.80 2.31 4.02 2.45 0.62 0.12 0.03
111:6 63 M Yes Yes 5.00 8.00 40.40 2.29 2.28 2.06 0.48 0.13 0.02

111:10 53 F No No 7.20 8.00 41.40 2.10 343 2.90 0.72 0.15 0.04

IV:1 56 M Yes Yes 7.40 7.00 30.10 2.27 5.42 1.38 0.40 0.13 0.03

IV: 3 53 F Yes No 5.60 10.00 37.20 2.26 3.09 1.93 0.42 0.13 0.02

V:7 42 F Yes No 6.40 10.00 39.40 2.27 3.74 2.20 0.30 0.12 0.03

1IV:9 25 F No No 6.20 11.00 50.10 2.21 291 2.57 0.60 0.10 0.02

V:1 31 M Yes Yes 4.20 6.00 28.70 2.14 2.14 1.64 0.32 0.04 0.02

V:2 29 F No No 7.10 12.00 52.40 2.16 4.30 1.99 0.62 0.14 0.04

V:3 26 F No No 6.60 10.00 39.00 2.10 3.78 2.13 0.41 0.25 0.02

V:5 31 M Yes Yes 8.10 12.00 51.00 2.45 4.95 2.40 0.62 0.13 0.01

V:6 28 M Yes Yes 4.50 13.00 58.70 242 2.10 1.72 0.45 0.24 0.01

V:11 13 M Yes Yes 6.00 19.00 82.50 2.17 2.76 2.36 0.58 0.30 0.03




The normal values are 1) for males: haemoglobin 8.4-10.8 mmol/L; hematocrit 0.41-0.53; erythrocytes 4.5-5.9 x 10%%/L; MCV 80-100 fL;

trombocytes: 150-400 x10%/L; leucocytes 4-11 x 10%/L; 2) for females: haemoglobin 7.4-9.9 mml/L; hematocrit 0.36-0.46; erythrocytes 4-5.2 x

10%/L; MCV 80-100 fL; trombocytes: 150-400 x10°%/L; leucocytes 4-11 x 10%/L.

MCHC, Mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume; RDW, red blood cell distribution width.



Table S4. Overview of the results of the dermatological evaluations in family W09-1628.

Pedigree Age at Gender | p.Ser96Ter HL Skin Eye Dystopia Hair Age at Skin Skin Skin Poliosis Naevi
evaluation type colour | canthorum | colour greying | depigmentation | hypopigmentation | hyperpigmentation
patches patches patches
1: 1 63 F Yes Yes X blue No dark 60 No X X X X
blond
11:5 62 F Yes Yes | light No white 50 Yes Yes No Yes <50
blue blond
11:6 63 M Yes Yes | blue No blond 40 No Yes No No <50
111:10 53 F No No 1 blue No dark no Yes Yes No No 50-100
blond greying
V:1 56 M Yes Yes | blue No blond 50 No Yes No No <50
IV:3 53 F Yes No 1 blue No blond no Yes Yes No No <50
greying
v: 7 42 F Yes No 1 blue No blond no Yes Yes No No 50-100
greying
1IV:9 25 F No No | blue No dark no No No No No <50
blond greying
V:1 31 M Yes Yes 1 blue No light no No No No No <50
blond greying
V:2 29 F No No 1 blue No dark no No No No No <50
blond greying
V:3 26 F No No | blue No blond no No Yes No Yes <50
greying
V:5 31 M Yes Yes 1 blue No dark no No Yes No No <50
blond greying
V:6 28 M Yes Yes 1 blue No dark no Yes No No No <50
blond greying

X; examinations could not be performed.




Table S5. Filter steps applied on total CNV data from WES of individuals 111:9 and IV:1 of

family W09-1628.

Filter steps # Variants
Total CNVs 26
CNVs > 5Kb 24
Exonic CNV 22
< 70% overlapping with control population 4
Linkage region 12921.31-g23.1 0

Indicated is the number of CNVs, compared to reference genome GRCh37 (hgl9), after
every filter step. Total CNVs indicates the number of CNVs called in individuals 111:9 and
IV:1. The control dataset consisted of 721 genotypes of control individuals with Cytoscan
HD arrays (Affymetrix) and 1251 genotypes of control individuals with Affymetrix 6.0

arrays (Affymetrix).
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