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A B S T R A C T   

Purpose: To retrospectively report a case of Weill-Marchesani syndrome 4 (WMS4) with compound heterozygous 
variants of ADAMTS17 gene. 
Observations: The patient was a 7-year-old boy with progressively worsening eyesight and intermittent elevated 
intraocular pressure (IOP) for two years. His IOPs were temporarily controlled using anti-glaucoma drugs. At 
presentation he had a shallow anterior chamber, lens subluxation, spherophakia and extensive synechial angle 
closure with high myopia in both eyes. Ultrasound biomicroscopy (UBM) identified thickened zonule fibers and 
anteriorly rotated, flat and slender ciliary processes, both of which worsened and were accompanied by obvious 
iris bombe after miosis. Gene testing showed compound heterozygosity of a maternal submicroscopic deletion on 
chromosome 15q26.3 (0.774 Mb) affecting the sequences of ADAMTS17, LYSMD4 and CERS3 as well as a 
paternal nonsense variant (c.1051_1053delAAGinsTAA, P.K351X) in the ADAMTS17 gene in the proband. The 
diagnosis of WMS4 was confirmed by genetic testing. Phacoemulsification (Phaco), intraocular lens (IOL) im
plantation, and irido-zonulo-hyaloid-vitrectomy (IZHV) combined with Ahmed Glaucoma Valve (AGV) im
plantation as a staged or one-stage surgery effectively lowered IOP, deepened ACD, improved visual acuity, and 
resolved the configuration of the ciliary processes in both eyes. 
Conclusion and Importance: Recessive ADAMTS17 variants are associated with WMS4. We report here compound 
heterozygous variants in ADAMTS17 causing WMS4, and anatomically highlighted the possible pathophysiology 
for its clinical phenotype. A modified surgical approach with Phaco, IOL implantation, and IZHV combined with 
AGV implantation could be used to treat these complicated cases.   

1. Introduction 

Weill-Marchesani syndrome (WMS) is a rare connective tissue dis
order characterized by microspherophakia, ectopia of the lenses, severe 
myopia, glaucoma, short stature, brachydactyly, joint stiffness, and, 
occasionally, heart defects.1 In clinic, patients with incomplete WMS 
characteristics are diagnosed with Weill-Marchesani syndrome 4 
(WMS4). To date, two modes of inheritance have been reported for 
WMS: autosomal dominant (AD), which is caused by variants in the 
FBN1 gene (gene ID 2200, OMIM 608328),2 and autosomal recessive 
(AR), which is caused by variants in ADAMTS10 gene (gene ID 81794, 

OMIM 608990)3 and LTBP2 gene (gene ID 4053, OMIM 602091).4 

Variants in the FBN1, LTBP2 and ADAMTS17 gene (gene ID 170691, 
OMIM 607511) result in a WMS4.4–6 

In this study, genetic analysis and clinical observations of a Chinese 
trio (the proband and his/her unaffected parents) affected with AR 
WMS4 are reported. Through whole exome sequencing (WES), we found 
compound heterozygous variants of a maternal submicroscopic deletion 
on chromosome 15q26.3 (0.774 Mb) affecting the sequences of 
ADAMTS17, LYSMD4 and CERS3 and a paternal nonsense variant 
(c.1051_1053delAAGinsTAA, P.K351X) in the ADAMTS17 gene in the 
proband. 
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2. Case report 

A 7-year-old boy presented with progressive bilateral blurred vision 
and ocular pain for the preceding 2 years. He was initially diagnosed 
with “angle-closure glaucoma” in both eyes at a local community hos
pital with elevated intraocular pressures (IOP, the highest up to 37 
mmHg) two years prior. He was prescribed anti-glaucoma drugs, 
including carteolol hydrochloride (2%) and brinzolamide eye drops 
(1%). No other treatment was provided. 

When the patient presented to us, his IOP was controlled (right eye, 
14 mmHg; left eye, 19 mmHg) on anti-glaucoma drugs. His visual acuity 
was 10/200 in the right eye and 20/100 in the left eye, which could be 
improved to 30/100 and 70/100 after myopia correction with − 9.0D 
and − 8.5D, respectively. On slit-lamp examination, he was found to 
have bilateral narrow-angle glaucoma with the following findings: very 
shallow anterior chamber, lens subluxation, spherophakia in both eyes, 
and peripheral anterior synechia of the iris in the supratemporal quad
rant of the right eye (Fig. 1). Static gonioscopy demonstrated a 
circumferential grade IV narrow angle by Scheie grading7 with 3–4 clock 
hours open in each eye on dynamic gonioscopy. Axial length measured 
by the IOL Master was slightly longer than peers (21.85 mm, OD; 21.60 
mm, OS) and symmetric anterior chamber depth (ACD) was found (right 
eye: 1.25 mm; left eye: 1.58 mm) using anterior segment optical 
coherence tomography (AS-OCT), suggesting the possibility of lens 
subluxation. AS-OCT further showed that anterior-posterior lens thick
ness was 4.38 mm in the right eye and 4.37 mm in the left eye with large 
posterior curvature in the bilateral lens (Fig. 2C). Ultrasound bio
microscopy (UBM) confirmed angle closure in the setting of irido
trabecular contact with peripheral anterior synechiae at the iris root. It 
also showed anteriorly rotated, flat and slender ciliary processes, which 
worsened after miosis with pilocarpine. Pupillary block was not the 
main mechanism of angle closure since iris bombe was not obviously 
present under UBM at the resting state but became distinct after miosis 
(Fig. 2A and B). Concurrently, the ACD decreased and the lens thickened 
in the left eye after miosis but not in the right eye as measured by 
AS-OCT (ACD after miosis: right eye, 1.26 mm and left eye, 1.18 mm; 
lens thickness after miosis: right eye, 4.49 mm and left eye, 4.80 mm). 

Notably, thickened zonule fibers were found under UBM. Spectral 
domain optical coherence tomography (SD-OCT) revealed a distinct, 
flat, hyper-reflective layer at the vitreoretinal interface in both eyes 
(Fig. 2D), which had been presumed previously to be activated retinal 
astrocytes and Muller cells (ARAM).8 Subfoveal choroid thickness was 
greater in the right eye (393 μm) than the left eye (354 μm), but both 
were thicker than the reported normal range in Chinese children of 
similar age and with similar axial lengths.9 Optic nerve cupping was 
central and round, measuring approximately 0.2 in both eyes. No evi
dence of glaucomatous optic neuropathy was detected under fundus 
photography, OCT or Humphrey visual field testing. There was no his
tory of eye diseases in the family and no history of ocular trauma or 
systemic diseases in the patient. He was 120 cm (− 0.70SD below the 
median10) at the age of 7, and now he is 123 cm (− 1.01SD below the 
median) at the age of 8. No other systemic dysmorphic features (such as 
brachydactyly and joint stiffness) were found. 

Genetic tests were performed by WES analysis using Novaseq 6000 
sequencer (MyGenostics Inc., Beijing, China). WES analysis in the pro
band found a maternal submicroscopic deletion on chromosome 
15q26.3 (0.774 Mb) affecting the sequences of ADAMTS17 (exon 1–22), 
LYSMD4 (exon 3–6) and CERS3 (exon 4–13) and a paternal nonsense 
variant (c.1051_1053delAAGinsTAA, p.K351X) in the ADAMTS17 gene, 
which was suspected as the causative agent. Co-segregation of the 
nonsense variant in the ADAMTS17 gene was determined with Sanger 
sequencing on family members (Fig. 3A) and the submicroscopic dele
tion is presented in Fig. 3B. The frequencies of the nonsense variant in 
1000G, GnomAD and ExAC were less than 2% and predicted to be 
“damaging” by in silico predictions from SIFT, REVEL and CADD. Ac
cording to the American College of Medical Genetics and Genomics 
(ACMG) guidelines, the submicroscopic deletion on chromosome 
15q26.3 (0.774Mb) was classified as “Uncertain” and the nonsense 
variant in the ADAMTS17 gene was classified as “Likely pathogenic”. No 
causative variants of the other WMS and WMS4 genes (including 
ADAMTS10, LTBP2, and FBN1) were found in the proband or his par
ents. Thus, based on the clinical manifestations including ocular ab
normalities and a slightly short stature and the compound heterozygous 
variant in ADAMTS17, the proband was diagnosed with WMS4. The 

Fig. 1. Clinical presentation pictures obtained using slit-lamp examination. (A–B) A shallow anterior chamber can be appreciated in the right eye (OD) and left eye 
(OS). (C) Bilateral spherophakia was present but only the left eye is shown here because only the left pupil could be fully dilated. (D) Representative narrow angle in 
the right eye. 
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Fig. 2. Ocular imaging of the patient. (A) Ultrasound biomicroscope (UBM) images before miosis by pilocarpine showing angle closure in the setting of irido
trabecular contact with peripheral anterior synechiae of the iris root. An anteriorly rotated, flat and slender ciliary body without obvious iris bombe is also present. 
(B) Ultrasound biomicroscope (UBM) images after miosis by pilocarpine showing worsening iridotrabecular contact due to iris bombe. The ciliary process also 
became more anteriorly rotated, flatter, and slenderer. (C) Anterior segment optical coherence tomography (AS-OCT) showing the thickened lens and large posterior 
curvature in the bilateral lens. (D) Spectral domain optical coherence tomography (SD-OCT) showing a hyper-reflective line (labeled with red arrows) at the internal 
limiting membranes (ILM). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 3. Sequence analysis of ADAMTS17 in trios. A. Identification of the ADAMTS17 nonsense variant (c.1051_1053delAAGinsTAA, p.K351X) by Sanger sequencing. 
The proband: hemizygous variant; father: heterozygous variant; mother: no variant. B. Schematic diagram of the submicroscopic deletion on chromosome 15q26.3 
(0.774 Mb) affecting the sequences of ADAMTS17, LYSMD4 and CERS3. The proband: heterozygous variant; father: no variant; mother: heterozygous variant. 
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genotypic results of the trio members are presented in Fig. 3. 
Given intermittent elevated IOP on medical therapy, shallow ante

rior chamber, lens subluxation, spherophakia, and extensive synechial 
angle closure, the decision was made to proceed with phacoemulsifi
cation (Phaco), intraocular lens (IOL) implantation, and goniosy
nechialysis (GSL) combined with irido-zonulo-hyaloid-vitrectomy 
(IZHV) in the right eye. During continuous curvilinear capsulorrhexis 
(CCC), circumferential loosening of the zonule was noted. However, two 
weeks after surgery, IOP increased to 30 mmHg with obvious deepening 
of the anterior chamber (ACD: 3.489 mm), although the angle did not 
open further (remained 3 clock hours). Thus, Ahmed glaucoma valve 
(AGV) implantation was subsequently performed to lower the IOP in the 
setting of a deep anterior chamber after the first stage of surgery. Phaco, 
IOL implantation, and IZHV combined with AGV implantation in the left 
eye were performed uneventfully, although the circumferential zonule 
was also loose during CCC. Three months following TCP treatment, the 
patient’s vision improved to 80/100 in each eye with IOP between 14 
and 16 mmHg in both eyes without anti-glaucoma medications. The 
ACD remained stable around 3.2 mm and there was no change in fundus 
examination. At the visit of three months after surgery, the anteriorly 
rotated, flat and slender ciliary body had resolved in both eyes (Fig. 4). 
No recurrent IOP spike, anterior chamber shallowing or severe compli
cations occurred between surgeries or during a follow-up of three 
months. Informed consent was obtained from the parents for research 
and publication purposes. 

3. Discussion 

Here we reported compound heterozygous variants of a maternal 
submicroscopic deletion on chromosome 15q26.3 (0.774 Mb) affecting 
the sequences of ADAMTS17, LYSMD4 and CERS3 and a paternal 
nonsense variant (c.1051_1053delAAGinsTAA, P.K351X) in the 
ADAMTS17 gene associated with WMS4. Studies have identified that 
homozygous variants in CERS3 (ceramide synthase 3) caused autosomal 
recessive congenital ichthyosis (ARCI) in humans presenting with 
abnormal desquamation over the whole body, including skin, heart, and 
skeletal anomalies.11 These anomalies were not either reported in pre
vious literatures of cases with heterozygous variants of CERS3 or in our 
case. In addition, no disease associations have been described for 
LYSMD4 (LysM domain containing 4) so far. Thus, we think the het
erozygous deletion of LYSMD4 and CERS3 was not relevant to this case 
and the compound heterozygous variant in ADAMTS17 might be the 
cause of this case. Patients with incomplete WMS characteristics are 
diagnosed with WMS4. This report provides further evidence that 
recessive ADAMTS17 variants are a cause of the phenotype of WMS4 
that presents with lens subluxation, spherophakia, severe myopia, sec
ondary angle-closure glaucoma and slightly short stature (as opposed to 
the phenotype of WMS syndrome, which in addition to lens subluxation, 
spherophakia, severe myopia, and secondary angle-closure glaucoma, 
also includes brachydactyly, stiff joints, and thickened skin1). 

The ADAMTS protease family, comprising 19 homologous secreted 

metalloproteases, plays a vital role in organ development and tissue 
homeostasis by regulating extracellular matrix (ECM) formation, 
remodeling and homeostatic adaptation via their C-terminal thrombo
spondin (TS) repeats.12 Previous studies have shown that ADAMTS 
proteins involved in different cellular mechanisms could be responsible 
for different subtypes of the syndrome.13 In addition, ADAMTS17 and 
ADAMTS10, members of the ADAMTS protease family, have been 
implicated in connective-tissue disorders and ectopia lentis.6 In one 
study, diffuse expression of ADAMTS17 within the area of a future 
ciliary body was found in the eye sections from E14.5 mouse embryos, 
which suggested a role in zonule development.6 ADAMTS17 undergoes 
rapid autocatalytic processing in trans after its secretion from cells and 
binds fibrillin-2 (FBN2), but cannot cleave it, resulting in the formation 
of bigger and thicker fibers. Furthermore, recombinant ADAMTS17 
binds to microfibrils in cultured fibroblasts with differential effects on 
FBN1 and FBN2, indicating its impact on microfibril assembly.14 How
ever, the exact function of ADAMTS17 in eye disease is still unknown. 

In another study, three WMS patients from a Chinese family with a 
homozygous nonsense variant (c.1051A > T, p.lys351Ter) in the 
ADAMTS17 gene had short stature, spherophakia, brachydactyly and 
visual impairment, but only two patients showed secondary glaucoma 
and lens dislocation.15 Though the nonsense variant 
(c.1051_1053delAAGinsTAA, P.K351X) found in our study is similar 
(resulted in the same truncated protein of 351 amino acids), the proband 
in ours only showed lens subluxation, spherophakia, severe myopia, 
secondary angle-closure glaucoma and slightly short stature without 
other systemic abnormalities. In fact, many other studies have suggested 
that patients with ADAMTS17 variants show inconsistent phenotypes 
with incomplete WMS characteristics.6,15,16 Furthermore, except for the 
heterozygous nonsense variant, a heterozygous deletion on chromosome 
15q26.3 encompassing the complete sequence of ADAMTS17 was also 
found in the proband. A homozygous deletion on chromosome 15q26.3 
(1.67 Mb, encompasses the first three exons of ADAMTS17 and exon 13 
of CERS3) leads to two independent diseases, autosomal recessive 
congenital ichthyosis (ARCI) and WMS4, respectively.11 Thus, the 
compound heterozygous variants of ADAMTS17 gene might be the 
reason that the phenotype is not consistent with other studies. On the 
other hand, the proband was 120 cm (− 0.70SD below the median) at the 
age of 7 and 123 cm (− 1.01SD below the median) at the age of 8. 
Although at present the proband does not show significant short stature, 
as the body develops, short stature as well as other systemic abnor
malities, may become more pronounced. Further follow up will be 
necessary to identify these abnormalities. 

Several studies have advocated for removal of the spherophakic lens 
as the primary modality of treatment, since this could relieve pupillary 
block, markedly decrease angle crowding and thus widen the angle.17–20 

While the lens in this case was thicker than peers by less than 1 mm and 
not thicker than old cataract patients,21 no obvious iris bombe was 
detected under resting state, suggesting the major mechanism of angle 
closure might not be pupillary block with a thicker lens. In our study, the 
patient had an anteriorly rotated, flat and slender ciliary body, which is 

Fig. 4. Ultrasound biomicroscope (UBM) images of both eyes at the last visit. The anteriorly rotated, flat and slender ciliary body resolved in both eyes. The 
previously dynamically opened angle at 9 o’clock in the right eye and 6 o’clock in the left eye opened widely. 
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similar to those of WMS patients in other studies.22 Interestingly, in our 
case, all these findings worsened after miosis but resolved after surgery. 
Abnormal ciliary zonule with a smaller ciliary body and decreased 
ciliary processes have also been observed in WMS mice, which implies 
primary abnormalities of ciliary in WMS patients.23 Besides, larger and 
thicker microfibril bundles were seen to emerge from the ciliary body in 
WMS mice.23 We speculated that the dysplastic ciliary processes might 
be easily stretched out by the condensed and inelastic zonule, causing 
lens diameter to decrease, lens curvature to increase, and ultimately lead 
to a presentation of microspherophakia.24,25 Additionally, the configu
ration of the ciliary body could potentially be further altered by the 
forward positioned lens when the iridolenticular diaphragm was pushed 
forward by pressure from the posterior segment, leading to anterior 
chamber shallowing, angle closure and further myopia apart from 
increased curvature of lens. In this case, choroidal expansion and a 
thicker choroid were detected in both eyes, creating a high-pressure 
environment. The patient’s intact and un-liquefied vitreous may have 
played an important role in conducting the force from the thickened 
choroid, and poor vitreous flow conductivity could have prevented 
aqueous outflow, further increasing pressure in the posterior segment as 
posited by Quigley et al.26 This could also explain why this patient’s 
condition was worse in the right eye (shallower ACD, more severe 
synechiae and decreased space between the iris and ciliary body) and 
why his right eye had a thicker choroid than the left. The restoration of 
ciliary configuration after surgery further supports this idea as the 
pressure between the anterior and posterior segments was balanced by 
IZHV. A dysplastic ciliary body with a longer ciliary process has also 
been seen in primary congenital glaucoma (PCG), however the longer 
ciliary process may have been caused by the stretched globe.27 Although 
a short history of glaucoma and normal eyeball size ruled out a diagnosis 
of PCG in this case, the similar changes in the ciliary process further 
support that a dysplastic ciliary might be easily stretched out. 

Above all, considering that the IOP was temporarily controlled by 
medication and the synechial angle closure could be reopened by 
goniosynechialysis since no evidence of glaucomatous optic neuropathy 
was detected – suggesting a short time of angle closure – Phaco, IOL 
implantation, and GSL with viscoelastic were chosen to control IOP. 
Meanwhile, the patient’s younger age, thicker choroid, unliquefied 
vitreous,26,28 more anteriorly rotated ciliary body, and condensed zon
ule fibers were considered possible predisposing factors for malignant 
glaucoma or persistent shallow anterior chamber after surgery.29 

Therefore, combined IZHV was performed in the right eye first. How
ever, two weeks after surgery, IOP increased to 30 mmHg with obvious 
deepening of the anterior chamber (ACD: 3.489 mm), although the angle 
did not open further (remained 3 clock hours). This finding suggested 
that the synechiae angle closure caused by abnormal ciliary cannot be 
reopened by lens removal and GSL, and the remaining opened angle was 
unable to afford sufficient aqueous humor drainage. Thus, AGV was 
performed as a second surgery to ensure adequate trabecular function 
and IOP lowering. In the left eye, Phaco, IOL implantation, and IZHV 
combined with AGV implantation were performed as the first surgery. 
There were no severe complications between surgeries or during a 
follow-up of three months. The persistently low IOP and improvement in 
visual acuity indicated that the above surgical approach was adequate 
for this case. 

4. Conclusions 

In conclusion, we report compound heterozygous variants of a 
maternal submicroscopic deletion (0.774 Mb on chromosome 15q26.3) 
and a paternal nonsense variant (c.1051_1053delAAGinsTAA, P.K351X) 
in the ADAMTS17 gene causing WMS4. Anatomically, dysplasia of the 
ciliary body and condensed zonule fibers combined with a thicker 
choroid and intact unliquefied vitreous might be predisposing factors for 
the anatomical changes, namely spherophakia, lens subluxation, 
shallow anterior chamber, myopia and extensive synechial angle closure 

in this subset of eyes. Furthermore, a modified surgical approach with 
Phaco, IOL implantation, IZHV and AGV implantation could be used to 
treat these complicated cases. 
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