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Clinical note

Kenny-Caffey syndrome type 1 (KCS1; OMIM#244460) 
is a rare autosomal recessive disorder, primarily reported 
in the Middle East among consanguineous families and 
caused by mutation in the TBCE gene (tubulin specific 
chaperone E; OMIM#604934) encoding a chaperone 
essential for microtubule assembly1) linked to the hearing 
loss.2,3) KCS1 is characterized by congenital hypopara
thyroidism, hypocalcemia, growth retardation, microce
phaly, delayed fontanelle closure, dysmorphic features, 
skeletal, dental and ocular abnormalities, renal compli
cations (hypercalciuria, nephrocalcinosis), and endocrine 
dysfunctions (low insulin-like growth factor 1, growth 
hormone, insensitivity, hypothyroidism).

We report a female infant diagnosed with KCS1 through 
clinical exome sequencing (CES), which identified a 
homozygous pathogenic TBCE variant (rs767004810) in
herited from heterozygous parents. Additional patho
genic variants were found in the GJB2 gene (OMIM#121011) 
encoding connexin 26 (Cx26): a maternal frameshift 
(rs803389939) and a paternal missense (rs72474224), both 
in the only coding exon 2.4)

We employed a systems biology approach to assess 
clinical correlates (1) with structural and functional 
effects of TBCE and GJB2 variants via inferring (2) a pro
tein-protein interaction (PPI) network and (3) molecular 
dynamics simulations to explore shared disease path
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ways and expand the genotype-phenotype analysis (see 
more details in Supplementary material 1A and B).

(1) The patient was born at 38 weeks via spontaneous 
delivery to consanguineous African parents. Birth weight 
was 1,880 g (<1st percentile), length 43 cm (<1st percentile), 
and head circumference 30 cm (<1st percentile). Apgar 
scores were 9 and 10 at 1 and 5 minutes, respectively. In 
the first week, she experienced seizures due to severe 
hypocalcemia. Clinical examination showed axial and 
appendicular hypotonia, poor visual engagement, asym
metric Moro reflex, hyperreflexia, low-set ears, thin lips, 
small feet, and clinodactyly of the 3rd and 4th fingers. 
Additional findings included lower limb asymmetry, 
asymmetric thigh skin folds, right hip dislocation, left hip 
dislocatable (positive Barlow), and a nonpulsatile anterior 
fontanelle (4 cm×3 cm). Laboratory tests revealed anemia 
(hemoglobin, 6.6 g/dL), leukocytosis (white blood cell, 
15,200 cells/μL), severe hypocalcemia (5.6 mg/dL), hyper
phosphatemia (8.8 mg/dL), hypoparathyroidism (para
thyroid hormone, 0.1 pg/mL), and elevated C-reactive 
protein (142 mg/L) and procalcitonin (1.08 ng/mL). Brain 
magnetic resonance imaging showed corpus callosum 

hypoplasia, enlarged frontotemporal subarachnoid spaces, 
and ventriculomegaly. Hip imaging confirmed stage 4 
dysplasia with high dislocation on the left and stage 2b on 
the right. Treatment included intravenous calcium, oral 
magnesium and antibiotics administration, and blood 
transfusions, leading to biochemical normalization. At 6 
months, ABR confirmed bilateral asymmetric hearing 
loss. The patient was discharged with a structured follow-
up plan.

(2) The PPI network identified CRYGD, the γ-crystallin 
protein of eye lens, as a key connecting node between 
TBCE and GJB2, linking to the metallocarboxypeptidase 
CPN1 and another connexin, GJA3, as shown in Fig. 1. Of 
the 102-PPI network, only GJA3, CRYGD, and CPN1 form a 
functional link between TBCE and GJB2. This small but 
significant network segment helped correlate TBCE-GJB2 
interactions with KCS1 features, suggesting potential 
novel disease markers.

(3) According to MSD findings, the mutant TBCE pro
tein has an increased rigidity in the CAP-Gly domain, 
which disrupts the tubulin binding activity (Fig. 2A–D). In 
case of the mutant GJB2, the maternal variant affects the 

Fig. 1. Protein-protein interaction analysis of the TBCE and GJB2 genes. Shared nearest-neighbor genes of TBCE 
and GJB2 are clustered and zoomed. Network statistics: number of nodes, 102; number of edges, 1131; average 
node degree, 22.2; expected number of edges, 115; PPI enrichment P value: <1.0e-16. (STRING permalink: 
https://version-12-0.string-db.org/cgi/network?networkId=b1NVqbgsaXx8).

https://version-12-0.string-db.org/cgi/network?networkId=b1NVqbgsaXx8


www.e-cep.org https://doi.org/10.3345/cep.2025.00360 618

NH-terminal helix, while the paternal variant alters the 
first transmembrane helix, TM1 (Fig. 2E–G) leading to the 
pore closure and impaired ion passage (Fig. 2H and I).

The N-terminal CAP-Gly domain of TBCE interacts 
with the C-terminal EEY motif of α-tubulin, facilitating 
tubulin heterodimer assembly, essential for microtubule 
processes.5) The rs767004810 in our patient disrupts this 
domain, likely impairing microtubule function and con
ributing to the phenotype. Prior studies showed similar 
effects where the channel’s inner zone was restricted.6) 
Surface area analysis confirmed that the pore of the wild-
type GJB2 remains open, while the mutant narrows, 
potentially leading to protein dysfunction and impaired 
intercellular communication (Fig. 2J and K). While GJB2 
variants are not typically associated with KCS1, they 
might influence the auditory deficits of our patient. In 
fact, both GJB2 variants are candidate for molecular diag
nosis of deafness.7,8) Although TBCE and GJB2 have distinct 
roles—microtubule assembly and gap junction formation, 

respectively—both influence cytoskeletal dynamics. Since 
the interactors associated with the mutated TBCE protein 
in KCS1 have not been characterized, our PPI analysis aims 
to explore the potential interaction between TBCE and 
GJB2 within a shared signaling pathway as it demonstrat
ed at least under physiological state (Fig. 1). Comprehen
sive genetic screening in syndromic patients, especially 
those with atypical signs like hearing loss, may aid in 
personalized management. Considering that this study is 
based on a single patient, caution must be exercised in in
terpreting the results. The potential association between 
TBCE and GJB2 variants cannot be generalized to the 
broader population of KCS1 patients without further func
tional validation or confirmation in additional cases. Large 
studies should explore protein interactions between 
TBCE–GJB2 through cellular/animal models and track 
long-term outcomes in affected patients. Therefore, these 
findings should be considered as hypothesis-generating 
rather than conclusive.
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Fig. 2. (A) Structure of the wild-type TBCE protein. Above: Its UBL (blue), LRR (grey), and CAP-Gly (green) domains. The deletion of amino acids 
Ser52 to Gly55 caused by the rs767004810 variant is shown in red. Water and hydrogens were omitted for clarity. The frame was captured 
at 32 ns. Below: The black box indicates the region defined by Uniprot as the CAP-Gly spanning amino acids 27–71. CAP-Gly, cytoskeleton-
associated protein, glycine-rich; RR, leucine-rich repeat; UBL, ubiquitin-like. (B-D) RMSD graphs of the WT and p.Ser52_Gly55del protein of 
TBCE during 50000 ps of simulation. (B) RMSD of the whole WT and mutated proteins. (C) RMSD of the WT and mutated UBL domains of the 
protein. (D) RMSD of the WT and mutated CAP-Gly domains of the protein. (E) Structure of subunit A of Cx26 with transmembrane domains 
(grey), NH-terminal domain (green), and mutated amino acids Val12 and Ile 37 (red). Water, hydrogens, and the membrane were omitted for 
clarity. The picture was captured at 12 ns. (F, G) Graph of RMSD and distance measurements of WT and MUT protein Cx26. (F) RMSD of the WT 
protein (black) and MUT protein (red). (G). Distance from Asp2 and Val37 in WT protein, and distance from Asp2 and Ile37 in the MUT protein. 
(H-K). Representation of Cx26 pore. (H) Hexagon formed by the α-carbons of the Asp2 amino acids of all subunits of the first hemichannel of 
Cx26. (I) The protein surface highlights the structure of the internal pores of the protein. Water, hydrogen, and the membrane were removed 
for clarity. Both figures were acquired at a simulation time of 23 ns. (J, K) Graphs represent the surface values of the pore during dynamics, 
with the x-axis indicating time in nanoseconds and the y-axis indicating the surface values in Å². The black and red lines represent WT and 
MUT, respectively. CAP-Gly, cytoskeleton-associated protein, glycine-rich; RMSD, root-mean-square deviation; WT, wild-type; MUT, mutated.
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The research was conducted ethically in accordance 
with the World Medical Association Declaration of Helsinki 
and approved by ethics committee of the University of 
Catania, Italy (Ethical Committee Catania 1 Clinical Re
gistration no. 180/2023/PO).

Question

Which combination of clinical and biochemical fea
tures is most strongly suggestive of Kenny-Caffey syn
drome type 1 in a newborn?

Answers:
(A) Macrocephaly, hypercalcemia, delayed fontanelle 

closure
(B) Microcephaly, hypocalcemia, dysmorphic features
(C) Hypotonia, hyperglycemia, hepatosplenomegaly
(D) Normal growth, hypoglycemia, facial angiomas

Correct answer: (B) Microcephaly, hypocalcemia, dys
morphic features

Footnotes
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available at https://doi.org/10.3345/cep.2025.00360.
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