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Abstract: The Klippel-Trénaunay syndrome is an unusual syndrome of vascular and dermatologic manifestation in which patients
demonstrate hemihypertrophy of the soft tissue and bones of one limb, cutaneous haemangiomas and varicosities in anatomically
abnormal positions. Described in 1900 by two French physicians, the etiology remained unclear until recently, when evidence emerged
that there was a genetic basis for this sporadic disorder. Genes that encoded pathological angiogenic factors and caused vascular
dysmorphogenesis, explaining the molecular bases of this syndrome, were identified. Several angiogenic genes were identified but one
gene, the AGGF1 (formerly VG5Q) gene, was seen in mutations involving patients diagnosed with Klippel-Trénaunay syndrome.
Furthermore, this syndrome was also noted to have overlapping clinical features linked with the “overgrowth syndromes,” in which
genetic mutations along somatic lines were identified. These involved The PI3K enzyme which forms part of the phosphoinositide 3–
kinase pathway which is encoded by the PIK3CA-gene. This enzyme mediates embryonic cellular growth in-utero and diseases
involved in this pathway are classified as members of the PIK3CA-related overgrowth syndrome. This paper reviews the status of what
is now known about the molecular genetics of this unusual, but clinically challenging disorder and its differentiation from similar
diseases, linked with the PIK3CA-gene and the related overgrowth syndromes.
Keywords: Klippel-Trénaunay, mosaic transmission, PIK3CA-gene, limb-overgrowth spectrum

Introduction
The Klippel-Trénaunay syndrome (KTS) was described by Maurice Klippel, a French neurologist and Paul Trénaunay,
a Parisian physician in 1900. It is a congenital, sporadic disease with a triad of cutaneous haemangiomas (capillary
malformations), varicosities in anatomically abnormal positions and limb hypertrophy including soft tissues and bones.1

Two of these three cardinal features are needed to make a phenotypical diagnosis of KTS.2 The vascular abnormalities
described are the slow-flow type, devoid of significant arterio-venous fistulas in comparison to the Parkes-Weber
Syndrome, which is a high-flow disorder.3 We herein look at the molecular and genetic basis of this disease regarding
its clinical presentation in terms of angiogenesis, cutaneous involvement and limb tissue overgrowth. Other diseases
which may be confused with KTS and are part of the limb overgrowth syndromes are also discussed.

Distinguishing Clinical Features
KTS is a complex, combined disorder made up of capillary, lymphatic and venous malformations with overgrowth of the
affected limb.4 These capillary malformations also called “port-wine stains” and are regarded as the most common
vascular cutaneous malformation in KTS, seen in 98% of cases2 [Figure 1]. These are abnormal ectactic capillaries in the
papillary dermis, with the capillary walls being very thin.4 Varicose veins occur in 72% of patients with KTS,2,4 the
prominent feature being the persistent (embryonic) lateral vein present in 56% of patients,2 which can be considered
a pathognomonic feature [Figures 2 and 3]. There are significantly large valveless truncal veins presenting as enormous
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varicosities, but many other anomalies may exist, such as compressive fibrous bands, aneurysmal dilatation, duplication,
hypoplasia, atresia and aplasia.5–7 Due to venous stasis in these large valveless veins, deep vein thrombosis (DVT) and
associated pulmonary embolism are well known complications of KTS.

Lymphatic malformations, which are more common than expected, occur in 11% of KTS patients. They consist of
dilated vessels filled with clear protinaceous fluid, but they do not connect to normal lymphatic vessels lying in cutaneous
and subcutaneous tissue.8 The lymphatic system has a very close developmental, structural and functional relationship
with the venous system,9–11 and plays an important role in the symptomatology and progress of these patients. It is best
imaged by MRI- lymphangiography.9

Limb hypertrophy occurs in 67% of KTS patients, with 88% involving the lower limb2 and 71.5% involving a single
limb6 [Figure 4]. Though bilateral and truncal involvement are rare, extensive venous networks extend to spread across
viscera of the pelvis and spinal cord.12 Visceral vascular malformations can be seen in the liver, bladder, rectum,
retropeitoneum and pericardium.4 Patients can therefore present with a variety of symptoms including internal haemor-
rhage and rectal bleeding.13

The Genetic Profile of KTS Patients-The Susceptibility Gene Theory
The molecular genetic basis of KTS was first studied by searching for a susceptible gene. However, its sporadic
occurrence and mosaic distribution14 could only be explained by a paradominant inheritance, or a model of autosomal
dominant inheritance with incomplete penetrance.15 Though most cases were sporadic, symptoms of capillary malforma-
tions with varicose veins had occurred within family members of patients.3,4,16–18 This led to the quest for a germline
input into its etiology, and three chromosomal abnormalities were subsequently observed in KTS patients. These were 2
chromosomal translocations and an extra-supernumerary ring chromosome, confirming that genetic factors contributed to
the etiology of KTS.4,18–20 The presence of three separate chromosomal abnormalities also demonstrated that there was

Figure 1 Cutaneous haemangioma seen on left thigh of a patient with Klippel-Trénaunay syndrome (limit of edges outlined by blue arrows).
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some degree of heterogeneity in its genetic constitution. Investigations showed that at the breakpoint of the chromosome
(11p15.1), there was a promoter region of a novel Vascular Gene on 5q initially named VG5Q. This vascular gene was
then formally named AGGF1 [Angiogenic Growth Factor 1], a potent angiogenesis factor lying in the domain of the
vascular endothelial growth factors (VEGFs-A to F). VEGFA was already known to be an early embryonic marker for
vasculature formation.15,21,22 Identification was therefore made of a susceptibility gene which, when mutated, caused
a predilection to Klippel-Trenaunay Syndrome.15 This gene was identified in 5 of 130 patients with KTS (but not in 200
control patients). It was thought to be of great significance, since a genetic component was finally identified.15 This was
important in the context of the many malformation syndromes that have a vascular component at the forefront of their
clinical presentations, such as KTS, Parkes Weber Syndrome (PWS) and the Servelle Matorell Syndrome.

Non-Inherited Gene Mutations
Vascular morphogenesis is vital for normal embryonic development,5 so the finding of genes to explain the vascular
anomalies was critical. The presence of the limb overgrowth with the vascular abnormalities in KTS was compared with
other congenital leg-length discrepancy syndromes, which had co-existing vascular morphogenic anomalies.12 This was
necessary since the KTS mutations appeared to enhance increased angiogenesis.

Although KTS was considered to be a distinct entity,23 there were very similar syndromes in which patients had hemi-
megalencephaly, seizures, developmental delay as well as syndactyly and macrodactyly. This suggested a multisystem disease

Figure 2 Lateral marginal vein (blue arrows) and gluteal vein (yellow arrow) seen in patient with Klippel-Trénaunay syndrome. The lateral marginal vein is considered
pathognomonic of the disease.
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Figure 3 MRI showing lateral marginal vein (yellow arrow), perforator vein (blue arrow) and an isolated segment of a vestigial or hypoplastic femoral vein (red arrow).
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existed, which could be part of a spectrum of disorders.23 However, KTS is a sporadic disease almost all of the time with no
distinct family history, and it arises from non-inherited gene mutations, which are not germline, but somatic mutations.14,20,24,25

They are known to arise in cells in the embryonic stage prior to birth, and as development continues, cell proliferation occurs.
Those cells arising from that original mutated cell, will carry the disease (the mutation), but the other cells do not carry this
abnormality. This is referred to as mosaicism, where there is a mingling of cells, with and without mutation.26

The PIK3 CA-Induced Limb Overgrowth Syndromes
Many syndromes were also noted to have overlapping features with KTS.27–29 Vascular anomaly syndromes were
recognised, especially in children where they sometimes coexisted with leg-length discrepancies, referred to as “limb
overgrowth syndromes.”12 These syndromes not only have very unusual genetic and phenotypical features but have
a somatic mosaicism that is sporadic.14 This coexistence led the finding of a gene mutation occurring along somatic lines,
involving the phosphoInositide 3–kinase pathway (PI3K or PIK3).30 The PI3K enzyme is responsive to the body’s
growth factors, such as the vascular endothelial growth factor, the epidermal growth factor receptor, and insulin. The
Catalytic Alpha sub-unit of the PI3K enzyme is encoded by the gene called the PIK3 CA gene and it is the PIK3 CA-
pathway that mediates initial cellular growth in the embryo.31 Signals from this PIK3CA pathway coordinate cell growth
by regulating ribosomal protein synthesis.12

Figure 4 Hemi-hypertrophy of right lower limb (blue arrow) in patient with Klippel-Trénaunay syndrome.
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This PIK3CA cell-signalling pathway mediates cell growth as well as angiogenesis, so that mutations at certain points
in this pathway lead to the leg-length discrepancy, or overgrowth. Vascular anomalies which characterize these
syndromes have significant phenotypic overlap.

The PIK3CA Gene and the-Overgrowth Syndromes [MCAP, FAH and
CLOVES]
The first sporadic growth disorder with cerebral, epidermal and musculoskeletal abnormalities was discovered in 1997.32

Researchers described the megalencephaly capillary malformation (MCAP) and the megalencephaly-polymicrogyria-
polydectyly-hyrocepahlus (MPPH) syndromes. Interest centered on the fact that there was a somatic mutation in the
PIK3CA gene which was noted in all twenty cases. In 2007, the congenital lipomatous overgrowth, vascular anomalies,
epidermal naevi and scoliosis/spinal deformities (CLOVES) syndrome was discovered in seven patients, followed by the
Fibroadipose hyperplasia syndrome (FAH) in 2012.34,35 Some of these patients were found to share overlapping features
with KTS.33 For example, CLOVES is often misdiagnosed as KTS, Proteus and PWS.15

It is this description that led to the term PIK3CA-related overgrowth spectrum (PROS), disorders all involving
somatic mutations in PIK3CA gene.30 Abnormal stimulation of the signalling pathway results in both tissue overgrowth
and vascular abnormalities.12 PROS acts as a general term to group all limb overgrowth syndromes that have a somatic
mutation in PIK3CA, and are typically characterized by vascular anomalies and limb hypertrophy.

These syndromes with overlapping features include vascular abnormalities with soft tissue, cutaneous and bone
abnormalities, some being tissue-specific, others multi-organ systems.36 Many have been found to have heterozygous
somatic mutations in the PIK3CA gene in a mosaic pattern,37 which means that all the cells do not have, nor demonstrate,
the effect of the genetic mutation.23,33,34

Similar Syndromes: The Parkes-Weber Syndrome
There are also some syndromes which are very similar to KTS with vascular and growth abnormalities, but are caused by
mutation of different genes. A distinction between them can be made when patients possess lower limb hypertrophy,
ipsilateral cutaneous haemangioma and varicosities with arterio-venous fistulas. This represents a different disorder and
Lindenauer suggested calling it the Parkes Weber Syndrome, because Weber had (in 1907) described cases with
arteriovenous fistulas, as well as those similar to what Klippel and Trénaunay had originally described.38 The Parkes
Weber Syndrome (PWS) is characterized by high-flow vascular malformations,39 including significant arterio-venous
shunts, which are absent in KTS,3 but lymphatic malformations are rare.4 The disease is now known to be caused by
mutations of another gene, the RASA-1 gene.40

Genetic Mutations in Other Members of Overgrowth Syndrome (PROS)
Another KTS-like disorder is the Proteus syndrome, which was originally thought to be a hamatomatous disorder.41

Clinical findings include epidermal naevi, asymmetrical limb growth and adipose tissue abnormalities. Imaging features
are those of asymmetrical somatic overgrowth with capillary, venous and possible lymphatic malformations. This is
a progressive disease with the phenotypic appearance worsening over time, so it was named after the Greek deity,
Proteus, who was shape-shifting in disposition.42 It is associated with mutation of the AKT1 gene.36,37

Targeted Genetic Treatment Options-The MTOR Gene and Rapamycin
The catalytic subunit of the PIK3 enzyme, PIK3CA, is known to initiate cellular growth in the embryo, mediating
proliferation and angiogenesis. It activates the AKT pathway which then activates mTOR, the mechanistic target of
rapamycin (a macrolide used to treat graft rejection).43 The PIK3CA-AKT-mTOR axis lies in sequence so that
rapamycin, which inhibits mTOR, has an upstream effect on PIK3CA.23 Rapamycin adheres to a binding protein and
this gain-of-function complex acts as a specific inhibitor of mTOR. When it inactivates the mTOR-complex, it inhibits
cellular proliferation with the cell cycle being immobilized in the G1 phase, mid to late cycle.23 Since this action affects
PIK3CA, the mutation found in KTS, it may be useful in the early stages of the disease, inhibiting unwanted cell
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proliferation and tissue overgrowth in patients with KTS.44 In addition, members of the PROS, especially CLOVES,
MCAP and FAH have heterozygous gain-of-function mutations in the PIK3CA gene in a mosaic pattern,34,35 and may
also be the beneficiaries of targeted treatment.

Conclusion
The Klippel-Trenaunay Syndrome (KTS) can be diagnosed clinically by the experienced physician since it is a disease of
recognition, based on distinct clinical findings and specific features on multimodal imaging. It belongs to a spectrum of limb-
overgrowth syndromes (PROS), with whosemembers it shares many similarities. Genetic research has confirmed that a mutation
in the PIK3CA gene has been implicated in KTS, and members of the related limb overgrowth spectrum (PROS). The existence
of other genes such as the RASA-1 gene in Parkes Weber Syndrome and AKT1 gene in Proteus Syndrome has been noted,
allowing researchers a better and more detailed understanding of role of molecular genetics in KTS and the PROS.

Genetic testing can now be extrapolated to patients and their families, and the identification of angiogenesis factors
and vascular abnormalities may allow for therapeutic intervention with genetically directed options being available. The
possibility of treatment at an early stage of the disease, and prevention of transmission to successive generations is
currently at the forefront of genetic research in this field.
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