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Abstract

Mitral valve prolapse (MVP) is a common heritable valvulopathy affecting approximately 2.4% of
the population. It is the most important cause of primary mitral regurgitation (MR) requiring
surgery. MVP is characterized by fibromyxomatous changes and displacement of one or both
mitral leaflets into the left atrium. Echocardiography represents the primary diagnostic modality
for assessment of MVP. Accurate quantitation of ventricular volumes and function for surgical
planning in asymptomatic severe MR can be provided with both echocardiography and cardiac
magnetic resonance. In addition, assessment of myocardial fibrosis using late gadolinium
enhancement and T1 mapping allows better understanding of the impact of MVP on the
myocardium. Imaging in MVP is important not only for diagnostic and prognostic purposes, but is
also essential for detailed phenotyping in genetic studies. Genotype-phenotype studies in MVP
pedigrees have allowed the identification of milder, non-diagnostic MVVP morphologies by
echocardiography. Such morphologies represent early expression of MVP in gene carriers. This
review focuses on multimodality imaging and the phenotypic spectrum of MVP. Moreover, the
review details the recent genetic discoveries that have increased our understanding of the
pathophysiology of MVP, with clues to mechanisms and therapy.
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INTRODUCTION

Mitral valve (MV) prolapse (MVP) is a common heritable valvulopathy affecting over 7
million individuals in the United States and over 170 million worldwide.(1; 2) It is the most
important cause of primary mitral regurgitation (MR) requiring surgery.(3; 4) MVP is
characterized by fibromyxomatous changes, defined by expansion of the middle spongiosa
layer of the valve (due to an accumulation of proteoglycans), structural alterations of
collagen in all components of the leaflet, and by structurally abnormal chordae.(5; 6)
Dysregulation of the extra-cellular matrix (ECM) components plays a key role in mediating
these changes and is essential to understand the genetic pathways leading to MVP.

MVP is defined by echocardiography as displacement greater than 2 mm of one or both
leaflets beyond the annular high points at end-systole (Figure 1A-B).(7-9) Leaflet
displacement is responsible for malcoaptation and consequent MR. Although most
individuals with MVP in the general population have mild or no MR,(10) severe MR can
occur in almost 10% of subjects with MVP(1) and more in the clinical population.(11) MVP
can also lead to arrhythmias, heart failure, infective endocarditis, congestive heart failure and
sudden cardiac death.(3; 5; 6) In light of the adverse prognosis in a subset of MVP patients,
imaging becomes an essential tool to better understand mechanisms and identify those at
higher risk. Moreover, recent genetic discoveries may provide additional clues to MVP
mechanisms, with the potential of developing medical therapies.

The main objectives of this review are to: 1) Describe the use of different imaging modalities
in the diagnosis and prognosis of MVP. 2) Summarize the current knowledge on the genetics
of MVP based on its current classification. 3) Describe how echocardiography has helped
with discovery of early or non-diagnostic MVVP morphologies through detailed genotype-
phenotype correlations in MVP pedigrees.

CLASSIFICATION OF MVP

MVP can be classified as non-syndromic or syndromic. Non-syndromic MVP can be
familial or sporadic. Syndromic MVP occurs in association with connective tissue disorders
such as Marfan syndrome, Loeys-Dietz Syndrome, Ehler-Danlos syndrome, osteogenesis
imperfecta, Pseudoxanthoma Elasticum and aneurysms of osteoarthritis syndrome.(12-16)

Based on intraoperative findings and histological phenotype, degenerative MV disease has
also been classified into two distinct entities in the surgical literature: Barlow’s disease (BD)
and fibro-elastic deficiency (FED).(17) BD (18; 19) is characterized by excessive leaflet
tissue, diffusely thickened and distended leaflets, enlarged mitral annulus and multi-scallop
prolapse. In patients with FED, there is typically focal thickening and prolapse of the middle
segment of the posterior leaflet with thin chordae that frequently rupture causing flail leaflet
and acute MR.
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MULTIMODALITY IMAGING OF MVP

Mitral valve anatomy

A description of the anatomy of the MV is essential to fully understand the role of
multimodality imaging in MVP. Anatomically, the anterior and posterior mitral leaflets are
both divided into 3 scallops based on the Carpentier’s nomenclature:(20) the anterior leaflet
scallops are described as lateral (A1), medial (A3) and middle (A2); the posterior leaflet
segments are known as lateral (P1), medial (P3) and middle (P2) (Figure 1C).

Echocardiography

In the early days of two-dimensional (2D) echocardiography, the diagnosis of MVP occurred
with prevalence ranging from 5 to 15%, and even as high as 35%.(21; 22) In part, this over-
diagnosis was due to the erroneous assumption that the MV annulus was planar; thus,
displacement of the leaflets beyond the mitral annulus was deemed pathological in any
echocardiographic view (including the 4-chamber view). Using three-dimensional (3D) echo
imaging, it was later established that the mitral annulus was not planar, but saddle-shaped,
with hinge points being best appreciated in the anterior-posterior axis (i.e. in the long-axis
view).(7-9) Echocardiographic MVP has since been defined as single or bi-leaflet prolapse
of greater than 2 mm beyond the long-axis annular plane (Figure 1A).(7-9) These revised
diagnostic criteria were used in the Framingham Heart Study (FHS) to redefine the true
prevalence of MVP. Freed et al. analyzed 3491 participants and reported that 84 patients had
echocardiographic MVP (2.4%).(4) While the FHS had a predominantly Caucasian
population, in a Canadian study (SHARE) utilizing the same diagnostic criteria, the
prevalence of MVP was found to be similar between three different ethnic groups: South
Asian (2.7%), European (3.1%), and Chinese (2.2%).(23)

In experienced hands, transthoracic echocardiography (TTE) allows for accurate
identification of prolapsing MV scallops in most patients. Importantly, TTE is used as
primary tool for comprehensive assessment of MVP-related MR. TTE can adequately
quantify MR by use of various methods including the vena contracta, the proximal
isovelocity surface area (PISA), and determination of MR regurgitant volume and fraction
through pulsed-wave Doppler measurements.(24-27) Finally, TTE allows quantification of
left atrial (LA) and left ventricular (LV) dimensions and function, which are both affected by
clinically significant MR. (11) Considering several planes of imaging, 2D transesophageal
echocardiography (TEE) can also be used to identify prolapsing MV segments (Figure 1B).
(20) 3D TEE has the additional advantage of simulating the surgeon’s view of the MV, with
the aortic valve at the 11 o’clock position (Figure 1C), and has become an essential tool in
the intra-operative setting. Sensitivity of intraoperative 3D TEE for detection of prolapsing
scallops is around 94%.(28-32)

As no validated criteria exist, controversy remains about the ability of echocardiography to
differentiate FED from BD. However, a recent 3D TEE study assessing valvular mechanics
in FED and BD (also known as diffuse myxomatous degeneration) suggests that compared
to BD, which is characterized by profoundly abnormal mitral annular dynamics and
increased annular size, FED has a relatively normal annulus and normal annular dynamics in
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patients with a similar degree of MR. Prolapse in FED is established early and increases
little in systole; valvular tissue areas are stable. On the other hand, valvular area and
prolapse increase considerably throughout systole in BD.(33)

Finally, 3D echocardiography has increased our understanding of the so-called mitral
annular disjunction (MAD). MAD was initially described as a separation between the LA
wall at the level of MV junction and the LV free wall (Figure 1A).(34) Although prevalence
of actual mitral annular disjunction versus an elongated posterior leaflet abutting the
posterior LA wall remains controversial, Eriksson et al.(35) reported a prevalence of MAD
of around 98% on 2D TEE in patients with severe MVP-related MR. Later, Carmo et al.
described MAD on routine TTE and found that MAD prevalence was around 55% in
patients with a myxomatous MV with varying severity of MR.(36) In a recent 3D TEE
study, Lee et al. demonstrated that the disjunctive annulus in MVP is decoupled functionally
from the LV, leading to paradoxical annular dynamics with systolic expansion and flattening
and greater MR.(37)

Cardiac Magnetic Resonance(CMR) Imaging

In recent years, CMR has emerged as an important noninvasive modality to characterize
MVP (Figure 1D), and to determine LV volumes and function accurately. It also helps to
quantify MR by using phase contrast velocity mapping.(38) Han et al. first demonstrated
that CMR can identify MVP by the same echocardiographic criteria of 2 mm displacement
beyond the mitral annulus.(39) Anterior leaflet length, posterior leaflet displacement,
posterior leaflet thickness, and the presence of flail were later shown to be the best CMR
valvular determinants of MVP-related MR.(40) CMR also allows better understanding of the
interactions between MVP and the myocardium through improved spatial resolution
provided by 3D acquisition of images with delayed or late gadolinium enhancement (LGE).
(38; 41; 42) Specifically, papillary muscle (PM) fibrosis was identified using LGE in
patients with MVP with a history of ventricular arrhythmias and at least moderate MR
(Figure 2A).(39) Basso et al. later demonstrated that arrhythmic MVP was associated with
fibrosis not only at the level of the PMs but also within the infero-basal wall. This was
established in a series of patients who either died suddenly or presented with complex
ventricular arrhythmias.(43) Interestingly, none of these individuals had significant MR.
Unlike ischemic heart disease or cardiomyopathy, even a small focal LGE burden was
associated with sudden cardiac death in patients with MVP. Perazzolo Marra et al. in 2016
found that MAD and systolic curling of the posterior MV leaflet were present in sudden
cardiac death cases with LGE in the LV infero-basal wall.(44)

Whereas LGE typically identifies focal fibrosis, myocardial tissue characterization using
either native/pre-contrast or post-contrast T4 mapping allows for accurate quantitative
assessment of interstitial or diffuse fibrosis. Abnormal T1 mapping has been demonstrated
in asymptomatic patients with MVP and moderate-severe MR (Figure 2B).(45) Recently,
diffuse interstitial derangement by CMR was linked to subclinical systolic LV dysfunction
and ventricular arrhythmia in MVP-related MR, even in the absence of focal fibrosis.(46)
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Computed Tomography (CT)

The role of CT in patients with MVP with limited acoustic windows has been previously
described in the literature. CT offers better spatial resolution and simultaneously evaluation
of coronary artery disease. Cardiac CT is around 84.6% sensitive and 100% specific for
assessment of MV abnormalities.(47) Radiation exposure, poor temporal resolution and
limited ability to examine each leaflet are some of the important limitations of cardiac CT
for evaluation of MVP.

GENETICS OF MVP
Non-Syndromic MVP

Knowledge of MVP inheritance was initially based on the use of physical examination or M-
mode echocardiography in MVP pedigrees. Hancock and Cohn in 1966 found systolic clicks
and murmurs in different generations of MVP families and suggested a familial genetic
basis.(48)

In later echocardiographic and auscultatory studies, 50% of first-degree relatives were found
to be affected by MVP.(49) In 1975, Weiss suggested an autosomal dominant pattern of
inheritance after noticing one parent involvement in each pair examined.(50) The extent of
familial clustering of MVP among unselected individuals in the community based on
current, more specific 2D echocardiographic criteria was recently investigated in the FHS
community,(51) where parental MVP was associated with a higher prevalence of MVP in
the offspring compared to non-parental MVP (adjusted odds ratio [OR], 4.51, 95%
confidence interval [Cl], 2.13-9.54).(51)

Discovery of the first genetic loci for autosomal dominant, non-syndromic MVP occurred in
the late 1990s only after better understanding of the 3D shape of the MV and improved
specificity of MVP diagnosis.(7-9) The first locus was mapped to chromosome 16p11.2—
p12.1 (MMVPI) by Disse et al. in 1999 in a multigenerational pedigree.(52) Linkage
analysis yielded a maximal multipoint likelihood of the odds (LOD) score of 5.6. This was
confirmed by haplotype analysis demonstrating that a chromosomal region of about 5
centimorgans (cM) (or 5 million DNA base pairs) contained the locus. To date, a specific
gene mutation causing MVP in this pedigree has not been identified. A second locus was
mapped to 11p15.4 (MMVP2) by Fred et al. in 2003.(53) Multipoint parametric analysis
gave a maximum LOD score of 3.12. Haplotype analysis across this locus defined a 4.3 cm
region. A third chromosomal locus for autosomal dominant MVP was mapped to
chromosome 13¢31.3-g32 in 2005 with a multipoint LOD score of 3.17 (MMVP3).(54) The
risk haplotype involved an 8 million DNA pair dense chromosomal segment. The discovery
of MMVP3not only confirmed the genetic heterogeneity of MVP, but also provided
important clinical lessons. Specifically, phenotyping of the MMVP3 pedigree revealed “non-
diagnostic” MVP morphologies previously considered to be normal variants but now for the
first time recognized as having the same genetic substrate as fully affected family members.
(54)

X-linked myxomatous valvular dystrophy is a rare myxoid heart disease first described in
1998.(55) It is characterized by similar histopathological changes when compared to the
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more common autosomal dominant MVP. However, it is characterized by multi-valvular
rather than isolated MV myxomatous degeneration. The first investigation was performed in
a large family of 4 generations (92 individuals) with full penetrance of MVP in the men of
the family. The locus was mapped to a sex chromosome, Xq28 with LOD score of 6.57.
Using a familial and genealogical survey, Kyndt et al. further refined the X-linked
myxomatous valvular distrophy locus to a 2.5-Mb region. Standard positional cloning
identified a P637Q mutation in the filamin A (FLNA) gene in all affected members.(56) Two
other missense mutations (G288R and VV711D) and a 1944-bp genomic deletion coding for
exons 16 to 19 in the FLNA gene were identified in 3 additional, smaller, unrelated families
affected by valvular dystrophy, thus corroborating the role of FLNA as a cause of X-linked
myxomatous valvular dystrophy and allowing discovery of the first MVVP gene. Among
carriers of the FL A mutation, the penetrance of the disease was complete in men and
incomplete in women. Female carriers could be mildly affected, and the severity of the
disease was highly variable among mutation carriers.

Filamins (A, B and C) were initially described as non-muscle actin binding proteins.(57)
Filamin A and B are ubiquitously expressed in the tissue while filamin C is expressed
primarily in cardiac and skeletal muscle. Filamins interact with 30 different proteins
including both actin and membrane protein and play a major role in building the
cytoskeleton. Filamin A is responsible for regulation of several cellular signaling pathway
by interacting with critical signaling molecules like transforming growth factor-beta receptor
activated smads and the dopamine receptor.(58) Work by Sauls et al. demonstrated that
filamin-A-deficient mice exhibit abnormally enlarged mitral valves during fetal life, which
progresses to a myxomatous phenotype by 2 months of age. The authors also showed that
the inception of valve disease in such functional model was related to lack of organization of
the ECM.(59)

Following discovery of the £L /A gene for the rare X-linked myxomatous valvular
dystrophy, the first autosomal dominant MVP gene was identified in the MMVPZ (or
chromosome 11) family after performing capture sequencing of the MMVPZ2locus in four
affected individuals. Specifically, a missense mutation in the DCHSI gene, the human
homologue of the Drosophila cell polarity gene dachsous was found to segregate in the
original MMVP2family. Further genetic studies identified two additional families in which
a second deleterious DCHSI mutation segregated with MVP. A knockdown DCHSZ mouse
model revealed prolapse of thickened and myxomatous MV leaflets, which could be traced
back to developmental errors in valve morphogenesis.(60)

After the initial family studies, the first meta-analysis of two independent French genome-
wide association studies was performed in 1,412 MVP cases and 2,439 controls for ~4.8
million genotyped or imputed common (minor allele frequency] > 0.1) single nucleotide
polymorphisms.(61) Six loci showed genome-wide significant association with MVP. These
loci were replicated in 1,422 cases and 6,779 controls. Functional models highlighted the
role of LMCDI (LIM and cysteine-rich domains 1), which encodes a transcription factor 6
and for which the knockdown zebrafish model resulted in atrioventricular valve
regurgitation. A similar zebrafish phenotype was obtained with knockdown of 7NSZ, which
encodes tensin 1, a focal adhesion protein involved in cytoskeleton organization. The authors
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showed expression of tensin 1 during valve morphogenesis and described enlarged and
myxomatous posterior mitral leaflets in knockdown 7/AVSZ mice.

Common denominator of all genetic discoveries detailed above is the valvular phenotype of
myxomatous degeneration described in both humans and mice models. Although many
questions remain unanswered with regards to MVVP mechanisms, these findings have
increased our understanding of the pathophysiology of the common autosomal dominant
MVP, with the potential to develop novel medical therapies.

Syndromic MVP

Syndromic MVP associated with connective tissue disorders displays similar degenerative
myxomatous changes to non-syndromic MVP.(62)

Marfan syndrome is caused by mutations in fibrillin-1 (FBN-1)(63) and less commonly in
TGF- receptor-2 (7TGFBR2).(64) MVP can be identified in both genetic subtypes of Marfan
syndrome. FBN-1 is an important structural component of the ECM and regulates TGF-beta
availability. TGF-beta is responsible for ECM remodeling and valvular interstitial cell
differentiation. Therefore, deficiency of fibrillin-1 results in increased TGF-beta expression.
In vivo, the phenotypic expression of FBN-1 deficient mice was reversed by neutralizing
antibodies against TGF-beta.(65) In a similar FBN-1 deficient mouse model, treatment with
angiotensin 11 receptor blockade (losartan) lead to decrease in aortic root dilatation and
MVP.(66) Overall, these findings highlight the potential to develop pharmacological
therapies able to limit MVP progression at an early stage.

MVP has also been observed in the Loeys-Dietz syndrome, a connective tissue disease
resulting from heterozygous mutations in the TGFBR1 gene or the TGFBR2 gene that
encode subunits of the TGF-p receptor.(15) Valve tissue in these individuals demonstrates
evidence of increased TGF-p activity. Heterozygous mutations in MADH3 have been
demonstrated in the aneurysms-osteoarthritis syndrome, another connective tissue disorder
associated with MVP. MADH3 encodes SMAD3, which is a positive regulator of TGF-f,
again pointing to the role of TGF-f overexpression in myxomatous MV disease.(16)

GENOTYPE-PHENOTYPE CORRELATIONS IN MVP

Phenotyping of pedigrees during initial MVP genetic studies revealed a spectrum of MVP
expression that included borderline, or “non-diagnostic,” valve morphologies previously
considered to be normal variants.(53; 54) In such family studies, the concept of “normalcy
“of non-diagnostic morphologies was challenged, as borderline morphologies shared either
the complete or a major portion of the at-risk haplotype with fully diagnostic MVP.(54) Two
types of non-diagnostic MVVP morphologies have been described in the familial setting,(54)
and more recently in the FHS community (Figure 3):(67) “abnormal anterior coaptation”
(AAC) (Figure 3A) and minimal systolic displacement (Figure 3B). The AAC phenotype
shared two salient features with fully diagnostic posterior MVP (Figure 3C): an anteriorly
displaced coaptation point, and posterior leaflet asymmetry. Thus, AAC can be considered
“geometrically congruent” with posterior MVP. Individuals with minimal systolic
displacement shared the posterior leaflet asymmetry with full-blown MVP, but their
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coaptation point was posterior (as in normal individuals). It was later demonstrated that
parental non-diagnostic morphologies in FHS are associated with a higher prevalence of
MVP in the offspring. Moreover, after a median follow-up of one decade, 80% of FHS
participants with AAC and 24% of individuals with minimal systolic displacement evolve
into fully diagnostic MVP.(4) Overall, these findings underline the clinical significance of
mild MVP expression in the community.

PROGNOSIS OF MVP

The prognosis of MVP has varied in the published literature. In the community-based FHS,
MVP was described as a benign entity, with a low occurrence of adverse sequelae.(1) In
prior studies,(3; 5) MVP was portrayed as a disease with frequent and serious complications,
including stroke, atrial fibrillation, endocarditis, heart failure, and MR requiring surgery.
These discrepancies may be due to selection biases inherent in evaluating symptomatic
patients at referral tertiary care centers, compared to observations made on healthier
asymptomatic volunteers in the FHS.(1; 3; 5). Subsequently, a study from the Mayo Clinic,
characterized by a mixed spectrum of community-dwelling and referred patients, has
underscored the clinical heterogeneity of MVP, including a widely varying prognostic
spectrum.(11) Based on primary (depressed LV ejection fraction, moderate/severe MR) and
secondary (age > 50 years, mild MR, LA enlargement, atrial fibrillation, and flail leaflet)
risk factors, different groups of MVPs with varying prognosis were identified with regards to
cardiovascular morbidity and mortality.(11)

The common denominator of the studies evaluating prognosis of MVP is the role of MR at
the time of diagnosis in determining the risk for adverse events.(1; 3; 5; 68—70) In a study of
456 individuals diagnosed with asymptomatic MVP and followed longitudinally in the
Olmsted County, severe MR was a powerful predictor of death from any cause, death from
cardiac causes, and cardiac events.

Independently and beyond MR, MV leaflet thickness >5 mm on echocardiography has been
associated with increased risk for sudden death, stroke, endocarditis, and MR in patients
with classic prolapse in some series (3; 5; 71; 72). LV end-systolic diameter and ejection
fraction have also been shown to be important prognostic determinants, as both are
independent predictors of post-operative ejection fraction.(73) TTE-defined bileaflet MVP,
often associated with MAD, has been associated with increased risk of sudden cardiac death.
(74) Overall, TTE remains the main tool of prognostic assessment of MVP in clinical
practice. As described above, CMR nicely complements echocardiography by demonstrating
myocardial fibrosis, a risk factor for arrhythmic complications and indicator of early systolic
dysfunction. (43-46) Finally, the genetic substrate of MVVP may one day complete risk
stratification.

CONCLUSIONS

Echocardiography represents the primary diagnostic modality for assessment of MVP,
although CMR is becoming an essential complement to echocardiography for accurate
assessment of LV volumes and function, MR quantification, and arrhythmic risk
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stratification in MVP. Imaging in MVP is important not only for diagnostic and prognostic
purposes, but also for detailed phenotyping in genetic studies. Whereas FL/NA has been
identified as causing a rare X-linked form of MVP, mutations in DCHSI have been recently
associated with the more common form of autosomal dominant MVP. In addition, a number
of loci have been discovered both in MVP pedigrees and through a genome wide association
study. Detailed echocardiographic phenotyping has played a major role in the identification
of MVP genes and has highlighted the clinical significance of borderline or “non-diagnostic”
MVP in the general population.

List of Abbreviations

AAC Abnormal Anterior Coaptation

BD Barlow’s Disease

CMR Cardiac Magnetic Resonance

CT Computed Tomography

FED Fibro-Elastic Deficiency

FHS Framingham Heart Study

LA Left Atrial

LV Left Ventricular

LGE Late Gadolinium Enhancement

LoD Likelihood of the Odds

MAD Mitral Annular Disjunction

MV Mitral Valve

MVP Mitral Valve Prolapse

MR Mitral Regurgitation

PM Papillary Muscle

TEE Transesophageal Echocardiogram

TTE Transthoracic Echocardiogram
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Figure 1.
Example of bileaflet mitral valve prolapse (A-D). Prolapse of the anterior and posterior

mitral valve leaflets demonstrated in (A) a long-axis view of a 2-dimensional (2D)
transthoracic echocardiogram (leaflets are displaced more than 2 mm beyond the annulus,
shown as a dotted line), (B) a mid-esophageal 4-chamber view of a 2D transesophageal
(TEE) echocardiogram, (C) a 3-dimensional (3D) TEE en face or surgical view (A1, A2, A3
and P1, P2, P3 are the lateral, middle, and medial anterior and posterior scallops,
respectively), and (D) a cardiac magnetic resonance (CMR) steady state free processing
(SSFP) long-axis view. AO = aorta; LA = left atrium; LV = left ventricle; RV = right
ventricle; MAD = mitral-annular disjunction (separation between the left atrial wall at the
level of mitral valve junction and the LV free wall).
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Figure 2.
Examples of focal and diffuse myocardial fibrosis in mitral valve prolapse (MVP). Short-

axis view with three-dimensional late-gadolinium enhancement showing fibrosis of the
papillary muscle tips (arrows) in a patient with bileaflet MVVP and mild mitral regurgitation
(A); precontrast T1 map with increased native T1 (1145 ms) indicating interstitial
myocardial fibrosis in a different MVP patient with moderate-severe mitral regurgitation

(B).
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Figure 3.
Phenotypic spectrum of mitral valve prolapse (MVP). 2-dimensional echocardiographic

parasternal long-axis images demonstrating (A) minimal systolic displacement, (B) anterior
abnormal coaptation, and (C) posterior MVP. All show posterior leaflet bulging (arrows)
relative to the anterior leaflet, but only MVP shows diagnostic superior leaflet displacement
relative to the mitral annulus (dotted line) into the left atrium (LA). Posterior MVP and
abnormal anterior coaptation are similar with regards to an increased coaptation height and
an elongated posterior leaflet. Minimal systolic displacement shows posteriorly coapting
leaflets, as seen in normal patients. AO = aorta; LV = left ventricle; RV = right ventricle.
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