
Liquids tend to run off instead of remaining on the surface.
Maintaining consistent contact with uneven surfaces using a
liquid medium presents certain challenges due to the inherent
properties of liquids, which tend to flow off rather than remain
adhered to the surface. While several studies have investigated
the use of water as a coupling medium, this approach has its
limitations, notably the complexity it introduces into the
surgical preparation process.5,6 Despite these hurdles, our re-
search has discovered that a solid gel can serve as an effective
coupling medium for scanning purposes. This gel pad facili-
tates the transmission of ultrasound frequencies from the
handpiece to the target tissue, enabling unrestricted movement
during treatment.4,7 With its potential to enhance ultrasound
image quality, expand examination capabilities for irregular
surface anatomy, and promote efficient ultrasound prop-
agation in soft tissue, the gel pad shows promising potential as
a tool to aid surgical procedures.

Nasal bone fractures constitute a substantial proportion of
facial bone fractures, accounting for 40% to 50% of all facial
bone fractures, with zygomatic fractures ranking next in
frequency. These fractures have the potential to cause sig-
nificant cosmetic and functional deformities. The reduction of
the nasal bone and zygomatic arch fractures typically entails
closed reduction, a process that hinges significantly on the
surgeon’s technique and experience. Concurrently, to
circumvent the limitations concomitant with this blind tech-
nique, numerous surgeons have incorporated the use of in-
traoperative ultrasound, as supported by previous studies.2,3,8

Nevertheless, the complex 3-dimensional curvature of the nose
and zygomatic arch presents challenges when scanning the
adjacent facial bones. We applied a solid gel pad to augment
the visualization of ultrasound images during surgery, thereby
granting the surgeon better visual feedback and real-time
video monitoring. This enhancement has proven to markedly
improve the quality of facial fracture surgeries, leading to
superior patient outcomes.

In conclusion, the use of a solid gel pad as a coupling me-
dium in ultrasonography for facial bone fractures greatly im-
proves imaging quality. Intraoperative ultrasonography, when
used with a coupling medium, facilitates the confirmation of
fracture patterns, and enables a more precise closed reduction
during blind techniques for facial bone fractures.
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Abstract: Blepharophimosis-ptosis-epicanthus inversus syn-
drome (BPES) is a relatively uncommon autosomal-dominant
genetic disorder, primarily attributed to mutations in the fork-
head box L2 (FOXL2) gene. Albeit the involvement of protein-
coding regions of FOXL2 has been observed in the majority of
BPES cases, whether deficiencies in regulatory elements lead to
the pathogenesis remains poorly understood. Herein, an auto-
somal-dominant BPES type II family was included. Peripheral
venous blood has been collected, and genomic DNA has been
extracted from leukocytes. A whole exome sequencing analysis
has been performed and analyzed (Deposited in NODE data-
base: OER422653). The promoter region of FOXL2 was am-
plified using polymerase chain reaction (PCR). The luciferase
reporter assay was performed to identify the activity of this
region. In this study, we present a Chinese family diagnosed
with type II BPES, characterized by the presence of small pal-
pebral fissures, ptosis, telecanthus, and epicanthus inversus.
Notably, all male individuals within the family display poly-
dactyly. A 225-bp deletion in the 556-bp 5′-upstream to tran-
scription start site of FOXL2, decorated by multiple histone
modifications, was identified in affected members of the family.
This deletion significantly decreased FOXL2 promoter activity,
as measured by the luciferase assay. Conclusively, a novel 255-
bp-deletion of the FOXL2 promoter was identified in Chinese
families with BPES. Our results expand the spectrum of known
FOXL2 mutations and provide additional insight into the
genotype-phenotype relationships of the BPES pathogenesis. In
addition, this study indicates the important role of genetic
screening of cis-regulatory elements in testing heritable diseases.

Key Words: Blepharophimosis-ptosis-epicanthus inversus syn-
drome, FOXL2, mutations, polydactyly

Blepharophimosis, ptosis, and epicanthus inversus Syndrome
(BPES) is an autosomal-dominant disease that affects the

eyelids.1,2 If left untreated, these characteristics are correlated
with a high prevalence of amblyopia.3 The diagnosis of BPES
can be categorized into 2 types: type I BPES exhibits classic
facial features and is linked to premature ovarian failure, while
type II solely manifests with classic eyelid malformation.4–6 It is
noteworthy that in the majority of cases, both types of BPES are
caused by mutations in the coding region of FOXL2 (OMIM
#605597), a gene responsible for encoding a forkhead tran-
scription factor.7

FOXL2, located on chromosome 3q23, is a single exon
spanning 2.7 kb and encodes 376 amino acids. This includes a
DNA-binding sequence and a poly-Ala tract.3 It is noteworthy
that poly-Ala expansion mutations often lead to BPES type II,
while truncations before the poly-Ala tract commonly result in
the pathogenesis of BPES type I.8 Various tissues, such as
granulosa cells in the ovary, the mesenchyme of the developing
eyelid, and gonadotropic cells in the anterior pituitary, exhibit
significant expression of FOXL2.9 Moreover, FOXL2 has been
linked to steroid metabolism, detoxification of reactive oxygen
species, inflammatory processes, and carcinogenesis, in addition
to its involvement in the pathogenesis of BPES.9–12

The presence of mutations in the coding region of FOXL2
(88%) has been found to be associated with human devel-
opmental disorders, particularly those affecting the eyes.8,13

Within the BPES cohort, it has been observed that 81% of ge-
netic defects are intragenic mutations that disrupt the protein

function of FOXL2. These mutations include missense changes,
frameshift and nonsense mutations, in-frame deletions, and
duplications.14–16 In addition, a 7.4kb deletion in the distal cis-
regulatory region (283 kb 5′-upstream to FOXL2) has been
identified as causing the loss of promoter-enhancer contact,
resulting in reduced expression of FOXL2 in the BPES family.17

Nevertheless, a comprehensive understanding of the correlation
between mutations in cis-regulatory elements and the patho-
genesis of BPES has yet to be established.

In the present study, our investigation uncovers a previously
unreported occurrence of polydactyly in BPES, which is exclusively
observed in affected males. Moreover, a 255–bp-deletion in the
BPES patients has been successfully identified in close proximity
(556-bp 5′-upstream to transcription start site). This deleted frag-
ment displays a diverse array of active histone modifications and
significantly enhances the promoter activity of FOXL2. Collec-
tively, our findings demonstrate the identification of a unique
deletion within the FOXL2 promoter, leading to a distinctive
manifestation within a type II BPES family. This underscores
the significance of conducting genetic screening for cis-regulatory
elements in heritable diseases.

METHOD

Patient
This study investigated a consanguineous three-generation

family affected by BPES, with all patients displaying early onset
of the condition. The ophthalmologist conducted clinical ex-
aminations and confirmed the presence of clinical features. The
proband (III:3), a 5-year-old boy, inherited the pathogenic allele
from his father. All patients exhibited common characteristics
of BPES, such as a small palpebral fissure, eyelid ptosis, epi-
canthus inversus, and telecanthus. Notably, polydactyly was
observed exclusively in male BPES patients (III-3, II-2, and II-
6), while it was absent in female BPES individuals (I-2 and II-4).
The father underwent two-stage blepharoplasty surgeries and an
additional finger excision during the 1990s. In accordance with
the principles outlined in the Declaration of Helsinki, informed
consent for research was obtained from all participants or their
legal guardians. The utilization of clinical samples with patient
consent was granted approval by the Institutional Research
Ethics Committee (approval No. SH9H-2019T185-2).

DNA Extraction and Polymerase Chain Reaction
Blood samples were collected from the family under study,

and genomic DNA was extracted from the leukocytes of pe-
ripheral venous blood using the method previously described.8

For mutation analysis, the promoter region of FOXL2 was
amplified using PCR (Forward primer: 5′-GAAATCTGCCG
GTACTCGCT-3′; Reverse primer: 5′-TCCCTCAGCCTGA
TGTTTGTC-3′). The PCR reaction mixture consisted of
200 ng genomic DNA, 50 μl 2× GC-rich buffer, 16 μl of a dNTP
(2.5 mmol/L), 2 U LA Taq (Takara Biotechnology (Dalian)
Co., Ltd), 4 μl (10 μmol/L) of each primer, and ddH2O to a final
volume of 100 μl. The PCR amplification protocol consisted of
the following steps: an initial denaturation at 95°C for 2 mi-
nutes, followed by 40 cycles of denaturation at 95°C for 60
seconds, annealing at 63°C for 30 seconds, and extension at 72°
C for 30 seconds. A final elongation step was performed at 72°C
for 3 minutes. The resulting PCR products were purified and
subjected to sequencing in both forward and reverse directions
using an ABI 3730 DNA sequencer to validate the presence of
mutations.
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Whole Exome Sequencing
The Illumina NextSeq500 platform was utilized for con-

ducting whole exome sequencing (WES). Library preparation
was carried out following the manufacturer’s guidelines for the
Agilent SureSelect v6 kit. The alignment of sequence reads to
the UCSC hg38 reference genome, indexing of the reference
genome, variant calling, and annotation were accomplished
using a Burrows-Wheeler Alignment-based pipeline.

Luciferase Reporter Assay
FOXL2-expressed Chinese Hamster Ovarian cells were

maintained in a 1640 medium supplemented with 10% fetal calf
serum and 1% penicillin/streptomycin. Luciferase assays were
performed using the pGL3-basic Reporter System (Promega),
following previously described methods.2 A total of 3*104
Chinese Hamster Ovarian cells were plated in 500 ml of culture
medium per well in 24-well plates. The cells were then incubated
with plasmids in Opti-MEM media (Gibco-Invitrogen) for 12 h.
Subsequently, the media was replaced with fresh media, and the
cells were further incubated for 48 h. After a brief centrifugation
to remove cell debris, 20 μl of cell lysate was used to measure
luciferase activity on a Lumimark luminometer (Bio-Rad
Laboratories, Hercules, CA, USA).

RESULTS

Clinical Features
All individuals within this consanguineous three-generation

BPES family exhibited typical clinical manifestations of eyelid
malformation, including small palpebral fissures, ptosis, tele-
canthus, and epicanthus inversus (Fig. 1A and B). Remarkably,
in addition to the aforementioned eyelid symptoms, all male
patients (III-3, II-2, and II-6) presented with a history of
preaxial polydactyly, a condition that was not observed in
female BPES individuals (I-2 and II-4). Notably, all polydactyly
patients displayed an additional thumb, which was connected
through a rudimentary soft tissue pedicle (Fig. 1C).
Significantly, among the family members unaffected by BPES
(I-1, II-7, and III-4), none exhibited polydactyly. In addition,
both I-2 and II-4 displayed regular menstrual cycles, normal
ovarian functions, and fertility. Consequently, we deduced that
this particular family manifests type II BPES with polydactyly,
a condition exclusively observed in male patients.

Identification of a Novel Regulatory Element
Deletion (Chr3: 138947694-138947948 del)
in a Chinese Family with BPES type II

To elucidate the genetic basis of the family, WES was con-
ducted on individuals II-6 and III-3, with individual II-5 serving
as a control (Fig. 1D). Through analysis of the shared
mutations in II-6 and III-3, a range of germline mutations
were identified and are presented in Supplemental Table 1,
Supplemental Digital Content 1, http://links.lww.com/SCS/
F582. However, none of these mutations exhibit any associa-
tion with BPES or polydactyly. Given that mutations in cis-
regulatory elements can contribute to the development of BPES,
we proceeded to clone and sequence a neighboring regulatory
element of FOXL2. Consequently, individuals affected by
BPES exhibited 2 alleles: a pathogenic allele and a wild-type
(WT) allele. Conversely, unaffected individuals solely displayed
a WT allele (Fig. 2A). Based on the findings of Sanger’s
sequencing, the specific localization of the Chr3: 138,947,694-
138,947,948 del mutation has been identified in individuals
diagnosed with BPES (Fig. 2B). Notably, this mutation was

absent in both healthy individuals and the dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP), indicating its potential as a
pathogenic variant.

The Deletion Leads to Decreased Promoter
Activity

To gain a deeper understanding of the regulatory role of the
deleted region, we proceeded to map this specific area within the
FOXL2 promoter locus. This investigation revealed that the de-
leted region exhibited a notable presence of active histone mod-
ification markers, namely H3K4me1, H3K4me3, and H3K27Ac
(Fig. 3A). To further validate the regulatory function of this
region, we subsequently cloned the reverse sequence of a 1021-bp
DNA fragment located upstream of the FOXL2 transcription
start site (Chr3:138,947,161-138,948,182, WT group), as well as
the Chr3: 138,947,694-138,947,948 del group (MT group). Both
wild-type (WT) and mutant (MT) fragments were inserted into
the pGL3-basic vector to conduct the luciferase reporter assay
(Fig. 3B). The findings revealed that theWT fragment exhibited a
substantial 3.2-fold increase in signal intensity compared with the
control group with an empty vector. Conversely, the MT group
displayed a significant reduction in luminance intensity compared
with the WT group, albeit slightly higher than the empty group
(Fig. 3C). Collectively, these outcomes suggest that the deletion
within the regulatory element may lead to compromised FOXL2
promoter activity.

A

C D

B

FIGURE 1. The clinical manifestations of the BPES within this particular family.
(A) The pedigrees of the BPES cases that were included in the study, with
affected individuals denoted by closed symbols and the proband indicated by
an arrow. The generations are represented by Roman numerals, while
individual numbers are represented by Arabic numerals. (B) The facial
photographs of both affected and unaffected individuals within the family. (C)
Photographs of the polydactyly presentation of the family. (D) Schematic
diagrams illustrating the flowchart of the whole exome sequencing assays for
testing germline mutations in this family. BPES indicates blepharophimosis-
ptosis-epicanthus inversus syndrome; PCR, ploymerase chain reaction.

A

B

FIGURE 2. The PCR products of BPES patients and unaffected family members.
(A) Gel electrophoresis of the PCR products from the BPES patients revealed 2
fragments of 931 and 676 bp. The unaffected individuals contained a single
fragment of 931 bp. (B) The sequence is further analyzed by Sanger’s
sequencing. BPES indicates blepharophimosis-ptosis-epicanthus inversus
syndrome; MT, mutant type; WT, wild-type.
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DISCUSSIONS
Winged helix/forkhead transcription factors such as FOXL2
play a key role in the early development of eyelid and female
gonads in vertebrate species.3,10,17 Globally, more than 200
FOXL2 mutations have been identified in patients suffering
from BPES.6 Most studies have noticed that mutations in the
coding region could result in the abrogation of FOXL2 func-
tions; however, only limited studies have revealed that the
regulatory elements of FOXL2 are involved in the pathogenesis
of BPES. Notably, a 7.4 kb deletion in the distal cis-regulatory
region abrogates the normal promoter-enhancer interaction,
which also leads to the pathogenesis of BPES.17 In this study,
we showed a 255-bp-deletion in the promoter area of FOXL2
could also lead to BPES type II, highlighting the importance of
genetic screening of regulatory elements in heritable diseases.

Polydactyly has not been documented in BPES, to the best of
our knowledge. It is noteworthy that we initially reported a family
with BPES type II, where only affectedmales exhibited polydactyly.
Importantly, FOXL2 plays a crucial role in sex determination
and may contribute to sex-specific phenotypes.18–20 However, this
hypothesis necessitates further comprehensive investigations.

Furthermore, it is noteworthy to mention that various anomalies
of the eyelids are also linked to notable abnormalities of the fingers.
For instance, Smith-Magenis Syndrome, which is caused by the
retinoic acid-induced 1 gene, can manifest with both eyelid mani-
festations (telecanthus, ptosis) and polydactyly.21–23 Furthermore,
Fraser syndrome is characterized by the concurrent presence of
eyelid fusion and polydactyly.24,25 Notably, a recent case study
documented the occurrence of brachydactyly in a 7-year-old girl with
BPES. Genetic analysis confirmed the absence of FOXL2 coding
region mutations in this patient,26 aligning with our WES data.
These findings suggest a strong correlation between the development
of the eyelid and the finger. While the association between this
FOXL2 promoter deletion and finger development remains un-
known, further studies are necessary to ascertain the correlation
between this genetic variant and the sexually biased phenotype.

CONCLUSIONS
In the present study, we have successfully identified a 255-bp-
deletion in the BPES patients located in close proximity. This
deleted fragment exhibits a diverse range of active histone
modifications and significantly contributes to the promoter ac-
tivity of FOXL2. Furthermore, our investigation reveals a
previously unreported manifestation of polydactyly in BPES,
exclusively observed in affected males. Consequently, our study
contributes valuable insights into the genotype-phenotype as-
sociations of the FOXL2 protein, emphasizing the crucial sig-
nificance of genetic screening of cis-regulatory elements in the
evaluation of hereditary disorders.
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Incidence of Ventriculomegaly in
Patients With Craniosynostosis

Baihui Liu, PhD, Jun Li, MSc, Songchunyuan Zhang, MSc,
Yueqing Wang, MSc, and Chenbin Dong, MD

Abstract: Hydrocephalus is variously associated with syndromic
craniosynostosis (CS), while it is randomly encountered in
nonsyndromic CS. But actually, the ventriculomegaly in CS is
less described. In this study, the authors aim to establish
whether ventriculomegaly is common in patients with CS, in
both syndromic and nonsyndromic. Retrospective measure-
ments of Evans index (EI) were taken from thin-section com-
puted tomography scans of 169 preoperative CS patients to
assess cerebral ventricular volume. EI > 0.3 indicates ven-
tricular enlargement. A total of 169 CS patients who underwent
computed tomography scan from February 2018 to December
2021 were retrospectively evaluated, including 114 males and 55
females. The average age at diagnosis was 16 months (range:
1–103 mo). Among them, 37 with syndromic CS, including 17
ventricular megaly patients, had an EI > 0.3 (46.0%), and 4 of
them had intracranial hypertension and needed ventriculoper-
itoneal shunt treatment before cranial vault remolding. One
hundred and thirty-two had nonsyndromic CS (100 single-
suture CS, 32 multisuture CS), and 26 of them had an EI of 0.3 or
greater (19.7%). Ventrocular megaly is common among patients
with CS. Early craniotomy may stabilize ventricular dilation.

Key Words: Craniosynostosis, Evans index, incidence, ven-
triculomegaly

Craniosynostosis (CS) is a common developmental de-
formity of the skull in children, characterized by pre-

mature ossification and fusion of the skull sutures. It occurs in
1 in 2500 newborns. In addition to the craniofacial deformity,
some children may also be complicated by serious central
nervous system dysplasia, such as hydrocephalus and Chiari
deformity. Hydrocephalus is commonly observed in children
with syndrome CS and is one of the indications for surgery.
However, we discovered that a portion of patients already
exhibit ventricular dilation despite the absence of intracranial
hypertension at the first visit to the hospital. The aim of this
study was to evaluate the incidence of ventricular dilation in
children with CS and provide new insight into it.

METHODS

Participants
Medical and imaging records of 169 patients with CS at the

Children’s Hospital of Fudan University between January 2018
and December 2022 were collected. All patients underwent
computed tomography (CT) with 3-dimensional reformatted
images to confirm CS at first diagnosis, and patients with
conditions such as brain atrophy or developmental abnormal-
ities were excluded.

Measurements
The Evans index (EI) was used to describe the degree of

ventricular dilation, which is defined as the ratio of the maximal
width of the frontal horns to the maximum inner skull diameter.
The width was measured on 3 consecutive axial slices, and the
slice with the largest diameter at the maximal width of the
frontal horns was selected.1 The normal range for the EI is
between 0.2 and 0.25, a ratio between 0.25 and 0.30 represents
early or questionable enlargement, and a value > 0.3 indicates
significant ventricular enlargement.2
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