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ABSTRACT

Milroy disease, known as primary conge-
nital lymphedema, is characterized by chronic
tissue swelling due to impaired lymphatic
drainage and is inherited in an autosomal dom-
Inant manner. This study reports a rare case of
Milroy disease affecting siblings from unaffect-
ed parents. A one-month-old female infant pre-
sented with swelling of the bilateral calf and
the dorsum of the feet which had been present
since birth. Her 14-month-old brother had a
similar presentation since birth with swelling of
the bilateral calf and the dorsum of the feet.
Milroy disease was diagnosed based on the cli-
nical findings of bilateral lower limb swelling
and confirmed by molecular genetic testing.
The patient and her family, including her
brother, parents, and maternal grandfather,
were genetically tested, and two novel missense
mutations (NM_182925.4: ¢.2534T>C;
p.Leu845Pro, c.4006G>A; p.Glul336Lys) were
found in the Fms-related tyrosine kinase
(FLT4) gene. Mutations segregated by the pa-
rents who carried each mutation in the hetero-
zygous state were identified in the patient and
her brother. The present case report in which
Milroy disease developed in all offspring of
parents with a normal phenotype suggests the
possibility of a compound heterozygous muta-
tion or non-penetrance during the process of
inheritance of Milroy disease.

Permission granted for single print for individual use.

Keywords: lymphedema, Milroy disease,
missense mutation, compound heterozygous
mutation, non-penetrance

Milroy disease refers to familial primary
lymphedema. The gene encoding Fms-related
tyrosine kinase (FL 74) is the only known
causative gene (1-3). Mutations in FL74 are
responsible for lymphatic hypoplasia, which
leads to a dysfunctional valve system and
failure of initial lymphatic fluid absorption
(1,2,4). The onset of edema due to lymphatic
dysfunction may occur pre- or postnatally
usually affecting both lower limbs (1,4,5).
Milroy disease is diagnosed based on these
clinical findings, and additional molecular
genetic testing can confirm the diagnosis (6).
There is currently no cure for Milroy disease
except for spontaneous resolution. Therefore,
the ultimate goal of therapy is to prevent dis-
ease progression by maintaining or mechani-
cally reducing limb size to relieve the symp-
toms resulting from lymphedema while pre-
venting skin infection (5).

Milroy disease is inherited in an
autosomal dominant manner as in most
familial cases of primary lymphedema (4,6).
Indeed, most published case reports of Milroy
disease suggest this manner of inheritance
(7,8). Exceptionally, two cases of autosomal
recessive inheritance of Milroy disease have
been reported (9,10). In addition, there have

Reproduction not permitted without permission of Journal LYMPHOLOGY.



) x4 : -

4 g : e .
Fig. 1. (A) Bilateral swelling of the calves of the female infant one month after birth, swelling of the right (Rt) calf
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Is more prominent than that of the left (Lt) calf. (B) Bilateral swelling of the dorsum of the feet one month after
birth, Lt. dorsum of the foot swelling is more prominent than that of the Rt. dorsum of the foot. (C) Upslanting

toenails observed in both big toes.

been several case reports in which individuals
presenting with no symptoms were parents to
some of offspring diagnosed with Milroy dis-
ease (7,11). With no evidence of autosomal re-
cessive inheritance or spontaneous mutation,
these reports suggest incomplete penetrance of
Milroy disease inheritance, indicating that
approximately 10-15% of individuals with an
FLT4pathogenic variant could be clinically
asymptomatic (6). However, to our knowledge,
no previous studies have reported a case
where all offspring from phenotypically nor-
mal parents were affected by Milroy disease.
Herein, we report a case of a brother and
sister with clinical manifestations of Milroy
disease, despite the parents having no history
of lymphedema. In addition, this study pre-
sents novel 7L 74 mutation findings from the
exome sequencing analysis of five family mem-
bers, including siblings with Milroy disease.

CASE

A one-month-old female infant presented
with bilateral swelling in the lower limbs and
dorsum of the feet, with no associated
inflammatory signs and no pain on palpation.
The swelling was bilateral but was more
remarkable on the right calf than on the left
calf and the left dorsum of the foot than on the
right dorsum of the foot. Upslanting toenails
were also observed, most notably in both big
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toes. No other abnormal clinical features were
present (Fig 1). The infant was born at full-
term gestation, with a bodyweight of 3.38 kg.
Swelling of both lower limbs was observed by
ultrasonography during pregnancy, and the
child was noted to have swelling of the calves
and feet after birth. The circumference of the
calves and feet was as follows: right calf, 15
cm; left calf, 13 cm; right foot dorsum, 10 cm;
and left foot dorsum, 10.5 cm. Congenital
secundum atrial septal defects were detected
and examined. Although several differential
diagnoses can be considered for primary
lymphedema, the chromosomal analysis
revealed no abnormalities. Additional detailed
investigations were not requested because the
clinical manifestations and age of onset
matched those of Milroy disease.

Currently, the child is using a
compression bandage to prevent progression
and requires follow-up to monitor disease
progression. Her family history was
unremarkable, except for that of her older
brother, a 14-month-old male infant born at
full-term gestation weighing 3.75 kg. He had
symmetrical bilateral swelling of the lower
limbs and dorsum of the feet and a hydrocele
at birth. The hydrocele improved
spontaneously; however, swelling of the lower
limbs persisted and upslanting of toenails was
observed (Fig 2). He experienced difficulty
initiating walking due to swelling of dorsum of

Reproduction not permitted without permission of Journal LYMPHOLOGY.



43

his feet; therefore, he required surgery. Mag-
netic resonance imaging of the lower extrem-
ities was performed in preparation of the sur-
gery. Consequently, congenital lymphedema
was suggested based on the probable bilateral
diffuse soft tissue edema and predominant
vascular structure with mild enhancement
involving the subcutaneous fat layer of the

dorsum of the feet and lower legs (right > left).

Debulking of bilateral dorsum of the feet was
performed when he was 11 months-old, and
after surgery, conservative treatment with a
compression bandage was maintained (Fig 2).
The patient and four additional family
members, including her brother, parents, and
maternal grandfather, were genetically tested,
and sequencing was performed on exons of
FLT4to identify the pathogenic variant relat-
ed to Milroy disease. Two novel missense vari-
ants (NM_182925.4: ¢.2534T>C; p.Leu845Pro,
c.4006G>A; p.Glu1336Lys) that have not been
previously recorded in common databases
were identified (9,12,13). These two mutations
were found in both affected siblings. The pa-
tient's mother was positive only for the
p-Leu845Pro variant and the patient's father
was positive only for the p.Glu1336Lys vari-
ant. When the maternal grandfather with no
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Fig. 2. (A) Bilateral swelling of the calves and dorsum of the feet se ven months after birth of the male infant,
before debulking surgery. (B) Bilateral calf and dorsum of the feet after debulking surgery at 11 months of age.

signs of Milroy disease was screened, only the
p-Leu845Pro variant was found, similar to
that in the patient's mother (Fig 3).

The patient's parents recently reported a
new family history; the patient's maternal
great aunt and another great aunt's daughter
also had been diagnosed with lymphedema

(Fig 3).
DISCUSSION

Primary lymphedema results from a dys-
function of the lymphatic system, and Milroy
disease was the first hereditary form of prima-
ry lymphedema to be described (4). Milroy dis-
ease is caused by mutations in FL 74, which
plays a vital role in regulating the develop-
ment and maintenance of the lymphatic sys-
tem (4). However, FL T4 mutations do not
account for all cases of Milroy disease, and
some reports have suggested genetic heteroge-
neity (12,14). Notably, the location of swelling
is limited to below the knee and usually pre-
sents at birth (4). In addition to a swelling of
the lower limb, there are several other clinical
manifestations associated with Milroy disease,
such as hydro-cele (37% of males), prominent
veins (23%), upslanting toenails (14%),

Reproduction not permitted without permission of Journal LYMPHOLOGY.



L845P  (+)
E1336K (-)

1845P ()
E1336K (+)

1845 (+)
E1336K (-)

(14m) (pt)
L845P (+) LB4SP (+)
E1336K (+) E1336K (+)

Proband Brother Father Mother Maternal

(pt) grandfather
c.2534T>C, Het Het Wild type Het Het
p.Leu845Pro
c.4006G > A, Het Het Het Wild type Wild type

p-Glu1336Lys

Fig. 3. Family pedigree showing affected individuals
and pathogenic mutations.

papillomatosis (10%), and urethral abnormali-
ties in males (4%). Cellulitis is known to occur
in approximately 20% of individuals with
Milroy disease and can further damage lym-
phatic vessels (4,15).

Although two cases of Milroy disease
have been reported to be inherited in an auto-
somal recessive manner, most cases of Milroy
disease are inherited in an autosomal domi-
nant manner, meaning that each child of a
parent with Milroy disease has a 50% chance
of inheritance (9,10). If the parents are clini-
cally unaffected, the risk to siblings after an
affected child is born is slightly higher than
that of the general population because of the
possibility of non-penetrance and germline
mosaicism (15-17). Approximately 85-90% of
individuals with a mutant form of FL 74 devel-
op lower limb lymphedema by the age of three
years, indicating that 10-15% of individuals
with a mutant form of FZ 74 are clinically un-
affected (12). In addition, de novo mutations
have been reported; however, the proportion
of cases remains unknown (7,12).

Here, we describe two novel missense
mutations in FL74 p.Leu845Pro and
p-Glul1336Lys. To date, more than 70 muta-
tions in FLT4 have been reported, most of
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which are missense mutations, although inser-
tions and deletions have occasionally been
reported (2,9). The two different heterozygous
mutants, each from the parents with a normal
phenotype, could be expressed together as
compound heterozygotes in the patient and
her brother, both of which developed Milroy
disease. There has been a study that patho-
genic variants of FOXC2 which is already
known for developing lymphedema with dis-
tichiasis and PIEZO1 which causes autosomal
recessive congenital lymphatic dysplasia were
found in different combinations including
compound heterozygosity in clinically affected
individuals with familial lymphedemas (18-
20). To the best of our knowledge, however,
there have been no reports of compound
heterozygosity in L 74 variants in patients
with Milroy disease.

Considering indices of pathogenicity of
the two mutations we found in the present
case, both mutations are unlikely to be patho-
genic. First, the leucine to proline mutation
which was found in the siblings' mother and
maternal grandfather could be damaging.
Since proline has very rigid structure, known
as breaker of secondary structures of protein,
it causes a bend though it depends on where
the protein it is located (21). Secondly, the
glutamine to lysine mutation from the siblings'
father may be less likely to be pathogenic as
lysine has roughly the same side-chain entropy
as glutamine (22). Therefore, having two mild
mutations, each might be very variably pene-
trant, or not at all on its own. However, in
compound heterozygous condition they could
be fully penetrant. It's not surprising that, in
this autosomal recessive like case, two siblings
could be affected since the odds are 1:16.

Even if it's a small possibility, we could
not exclude that p.Leu845Pro mutation alone
might lead to the development of Milroy dis-
ease with the possibility of non-penetrance of
the patient's mother and maternal grandfa-
ther. In non-penetrance cases, one can be
found to be clinically unaffected while carry-
ing disease-causing mutations (15). Additional
genetic testing of other clinically affected
family members, including the patient's
maternal great aunt and another great aunt's
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daughter, could help to determine the mecha-
nism of inheritance.

The siblings had similar clinical findings
and onset, matching Milroy disease, whereas
the parents were clinically unaffected. The
presence of two mutations in FL 7%, inherited
from each parent, is indirect evidence of com-
pound heterozygosity or non-penetrance of
inheritance in Milroy disease.

CONCLUSION

The present case showed the occurrence
of Milroy disease in all offspring from normal-
phenotype parents. Two novel causative muta-
tions were detected in FL 74, p.Leu845Pro,
and p.Glu1336Lys. We suggest that the cause
of the two mutants being expressed together
only in siblings with manifestations of Milroy
disease, might be compound heterozygosity or
non-penetrance in the inheritance of Milroy
disease.
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