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Background: Milroy disease (MD) is rare and autosomal dominant resulgnfrom
mutations of the vascular endothelial growth factor receptr-3 (VEGFR-3 or FLT4)which
leads to dysgenesis of the lymphatic system.

Methods: Here we report a Chinese MD family with 2 affected members ofwo
generations. We identi ed the mutation of ¢.3075G> A in one allele of FLT4 in Chinese
population rstly. The father and child presented lymphedma under knees both.
Unfortunately, the child was premature delivered for a caraident of the mother and
then died of asphyxia. Then we gathered the tissue of the lowdimb from the child with
permission from the parents and ethic committee. We stainedhe tissue with lymphatic
marker D2-40 and hematoxylin-eosin to explore the histologal changes. Afterwards,
we compared the results with a normal child who unfortunatgl died of premature
delivery also.

Results: Itis rstly identi ed the mutation of FLT4: ¢.3075G> A in Chinese population,
and the mutation Inherited in the lineage. The histologicavaluation indicated: (1) The
number of lymphatic vessels decreased; (2) The morphologyna structure of lymphatic
vessels was abnormal. And what is added to our knowledge: (1Lapillary hyperemia
and phlebectasia is severe; (2) Vascular malformations;)(3’he number of vascular
endothelial cells and vascular smooth muscle cells decreasl; (4) Large sheets of
epidermis desquamated; (5) The numbers of cutaneous apperajes reduced in MD.

Conclusions: Based on the new ndings, we assume that mutation of FLT4 not aly
affect the lymphogenesis, but also the angiogenesis, and édermis structure.
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BACKGROUND
Milroy disease(MD; hereditary lymphedema type |; MIM# I Q
153100js rst described by Milroy in 1892. It is known caused 1 2

by the dysfunction of the lymphatic system so far, with the key

features of congenital onset and primary lympheder&rQy,

189). The estimated incidence is 1/6,000 worldwide, with a

male/female ratio of 1:2.3 generally€zginc et al., 20} ZTypical I

MD patients usually exhibit lymphedema at birth with swellirfg o

the lower-limb, most times it is bilateral. The patients ofteave 1 2 3

a brawny texture of the skin and hyperkeratosis is reportethfro

the laboratory. The swelling is con ned to the dorsum of tioef

with deep skin creases which could be detected on the toes. I
The gene locus of MD was rst reported by Ferrell and 1

Evans at chromosomal location 5g35efrell et al., 1998; Evans

et al., 1999 The mutated gen€-LT4)in this region encodes a | FIGURE 1 | The pedigree of the MD family. Symbols are as follows: square

tyrosine kinase receptor for vascular endothelial growttides male; circle, female; lled, affected; empty, unaffected.

C (VEGFR-3) The protein is believed to be involved in the

process of lymphangiogenesis and maintenance of the lymphatis; . At ;

endothelium @rice et al., 2005Mutations ofFLT4is responsible tél!mcal Characterization of the Famlly

for about 75% of the diagnosed MD cases which has bee(:Fl_gure _1)

published Connell et al., 2009 Recent studies showed that the Child Patient

patients had large caliber great saphenous veins while pexsentVale, died of neonatal asphyxia post-delivery. The B-ultrasoun

no cutaneous signs of venous diseaSmrflon et al., 2013  Scanner showed bilateral lower limb edema in regular pregpan

However, the super cial venous valve re ux indicates theoes  test, which was con rmed post-delivery. The skin color of the

development of MD patients might also be abnormilieflor ~ lower limbs was slightly purplé=gure 23. The father(proband)

etal., 201 developed edema in both lower limbs from birth, and had
For years, the limitations in the methods restrict us to prese NO Other physical dysfunction. The mother denied any history

lymphatic vessels in MD patients, and the pathogenesis w&$ illness or medication during pregnancy. The grandparents

mainly based on the evidence of lymphatic imaging, animal anéPaternaljalso had no physical dysfunction.

cell studies. It is reported that the D2-40 monoclonal antijpo Mother

could selectively detect lymphatic vess8si(et al., 2013 for it . .

- . . ) . Gestational age 28 weeks?2 days, premature delivery for car
can speci cally combine to a xation-resistant epitope on a 40~ " f Chromosome showed nathin
kDa O-linked sialoglycoprotein which is expressed in lymphati accident, number and structure o © @
endothelium but not in blood vessel¥ ¢nemura et al., 2006 abnormal post amniocentesis.

So, it could help us present the histological change in MDO=giher (Proband)

patients clearly. _ o _The skin temperature was normal, there was no limitation

Following, we_W|II report one Chinese MDfamlly with typical movement, and the muscle tension of the limbs was
symptoms. Helping by the next-generation sequendiNGS), ormal. There was no obvious abnormality in blood gas, blood
immune-histo-chemical staining with D2-40 and hematoxylin p;,chemistry, blood routine, thyroid function, blood leadrine
eosin(HE), we represent histological change of the lower-limbyoytine, urine, and blood metabolism. Microvirus B19 DNA
and the feet dorsum from the dead child patiefiremature g nycleic acid test resulted negative. Quantitativeaiete of
death, 28 weeks 2 days)n this family, with the mutationinthe  c\pv- pPp6s antigen and CMV- DNA was also negative.
FLT4(c.3075G A, exon 22)Then, we compared the results with - The father was diagnosed as MD since birth and received
a normal child who unfortunately died of premature delivery plastic surgery, the symptoms of the left lower-limb was redlic

also. The results o ered us a new perspective to understand thgnile no signi cantimprovement showed in the right. The fath
occurrence and development of lymphedema in MD patients. \yas also advised to order stretch socks to relieve symptoms

(Figures 2c¢,d (Supplementary Video }..

CASE PRESENTATION )
Other Family Members (Paternal)

All the operations and tests were given full authorizationtlly ~ Aunt and grandparents showed nothing abnormal.

members from two families. And the study was full authorized . . .

by the ethic committee of the Air force medical universityl A Clinical Characterization of the

the operations were under supervision by one member of thiMatched Child

families and one o cer of the ethic committee. Written and Mother

informed consent was obtained from the guardians of the patie The mother was diagnosed of gastric carcinoma 25 weeks
for publication of this case report. since menelipsis, and the family asked for termination
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FIGURE 2 | (a) MD child patient, the skin color of the lower limbs was sligty purple, edema in both lower limbs could be detected{b) matched child, no obvious
abnormality; (c,d) father patient, edema in right lower limb could be detectedthe left lower limb became normal post plastic surgery.

of pregnancy to save the mother. The gestationalormalin, para n-embedded after dehydration. Afterwardsew
age was 26 week€ 5 days, and the number and used the standard staining method to stain the tissue siée.
structure of Chromosome showed nothing abnormalexamined the sections under stereomicrosc@gp&16000 B,

post amniocentesis. Leica Microsystems, Shanghai, China)

Matched Child Results of D2-40 Staining ( Figure 3)

Male, died of labor induction. The structure and skin coldtiee 1. The number of lymphatic vessels decreased in Milroy

lower limbs was normal, and no other physical dysfunction was disease child.

detected Eigure 2b). 2. The abnormal morphology and structure of lymphatic vessels
could be detected in MD child.

DESCRIPTION OF LABORATORY Results of HE Staining
INVESTIGATIONS AND Venous abnormalities(Figure 4)

DIAGNOSTIC TESTS _ . - . :

1. Capillary hyperemia is severe in Milroy disease child.
D2-40 Staining and HE Staining 2. Phlebectasia could be detected in MD child.
The tissue was gathered from the swollen situs of the loweB. Vascular malformations could be detected in Milroy
limb and the feet dorsum. Then we preserved them in 10% disease child.
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c o d ,
-

FIGURE 3 | D2-40 stain (lymphatic vessels were presented in orange cot): (a) foot dorsum of MD child (40 times magni cation);(b) lateral low-limb skin of MD child
(40 times magni cation);(c) foot dorsum of matched child (40 times magni cation);(d) lateral low-limb skin of matched child (40 times magni catia). (e,f) lymphatic
vessels found within the eld of vision(e) foot dorsum of MD child (100 times magni cation);(f) lateral low-limb skin of MD child (100 times magni cation).

4. The number of vascular endothelial cells and vasculao$mo numbers of mutation sites were determined according to the
muscle cells decreased in MD child. GenBank mRNA reference sequences.
NGS revealed that the MD child has one heterozygous
missense mutation in the FLT4: ¢.30756 (p.M1025I)in exon
1. Large sheets of desquamated epidermis could be detected?id, a mutation which have not been described in Chinese ethni
MD child. The result of the matched child showed normal in the FLT4
2. The numbers of cutaneous appendages reduced in MD childFigure 5).
The mutation was subsequently conrmed by sanger
sequencing of the family. The following cosegregation of
the FLT4 alleles in the family pedigree conrmed that the

Skin abnormalities(Figure 4)

Genotyping by Next-Generation ¢.3075G A allele was paterngli-2).
Sequencing (NGS), Sequence Analysis, and
Cosegregation in the Family DISCUSSION

Genomic DNA was isolated from peripheral blood samples from

the family members using standard methods. NGS was appliddD is characterized by heredity, painless, slow progression of
to the MD child. Then, the other members in the family weredisease, and it is limited to lower limb edema. MD could be
veri ed by Sanger sequencing and cosegregation. The base pdiagnosed according to the clinical characteristics andeten
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FIGURE 4 | HE stain: (a) foot dorsum of MD child (40 times magni cation);(b) lateral low-limb skin of MD child (40 times magni cation)(c) foot dorsum of matched
child (40 times magni cation);(d) lateral low-limb skin of matched child (40 times magni catia). (e,f) lymphatic vessels found within the eld of visior(e) foot dorsum
of MD child (100 times magni cation);(f) lateral low-limb skin of MD child (100 times magni cation).

analysis. The edema usually occurs frgan before)birth. In For human, the development of the lymphatic vascular
neonates the swelling tends to aect primarily the dorsumsystem begins in the sixth to seventh week of embryonic life.
of the feet. The amount of edema varies from individualsMalformation of the lymphatic vessels could trigger an insea
Other features associated with MD sometimes include: Hyelec of the interstitial protein rich uid, which subsequently selts in
(37% of males); Prominent veins (23%); Upslanting toenailgisu cientlymphatic transport and drainagel{itsiou-Tzeli et al.,
(14%);Papillomatosis (10%); Urethral abnormalities in male&801Q. As a result, large amount of protein-rich uid accumulates
(4%) @Brice et al., 1993 in tissue interstitial spaces, which makes skin, subcutaseo
The mutation of VEGFR-3FLT4) is believed responsible tissue, brous tissue hyperplasia, and oppression of lymphatics
for the lymphedema in MD. The protein is a member of more di cult for lymphatic re ux, thus forming a vicious cya.
the tyrosine kinase receptor family, which plays an importaniThe skin thickened, hardened, getting rough and bulky, forgni
role in lymphangiogenesis. In MD, there is believed ar‘elephant skin”swelling over time.
abnormal accumulation of interstitial protein-rich uid eegsed In our ndings, the numbers of the lymphatic vessels in MD
by congenital malformation of the lymphatic vesselartmela child decreased. The morphology and structure of lymphatic
and Alitalo, 2010; Gezginc et al., 2018imilar results have vesselswasabnormal. These phenomena con rmed the evislence
been con rmed through lymphangiography that there is localgiven by previous animal and cell studies of the FLT4 mutation
lymphangiogenesis insu ciency in the extremities of MD (Rauniyar et al., 20)8But out of our expectation, the capillary
children (Rooke, 20083 and skin were also in uenced in fact.
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FIGURE 5 | Sanger veri cation results of the family (II-2, FLT4: ¢.30758A). MDC, MD child; MC, matched child.

Frontiers in Genetics | www.frontiersin.org 6 March 2019 | Volume 10 | Article 206



Zhang et al. Immunohistochemical Evaluation of Milroy Disease

Capillary hyperemia and phlebectasia is severe in MIAUTHOR CONTRIBUTIONS
child. Vascular malformations could also be detected. And
the number of vascular endothelial cells and vascular sinootSZ and YW planned the study. SZ and XC conducted the surgery.
muscle cells decreased in MD child. All the results indicate®Z and LY conducted the histological staining. SZ and SW
the mutation of FLT4 did not only aect the lymphatic Wrote the article. DM organized the photographs. SL and YW
formation, but also aect the blood vessels in human.supervised the study.
Furthermore, large sheets of epidermis were desquamated. An
the numbers of cutaneous appendages were also reduced. BANDING
concerning the connection between phenotype and genotype,
we assume that mutation of FLT4 a ect the angiogenesis and@ihis study was supported by National Natural Science
epidermis structure in human. While, this assumption stileds ~ Foundation of China (No. 81671476).
further evidence.

At present, radionuclide lymphatic imaging is the ACKNOWLEDGMENTS
preferred method to observe the Ilymphatic system.
Meanwhile, the b-ultrasonography, as a convenient andhe authorsthank Guangwei Shi, Guangyuan Shi, Li Wang, Jisen
fast examination method, has still been widely used irBhi, Ziyun Yang, RuiLi, and Kun Chen for their understanding,
the diagnosis and evaluation of lymphoedema in gravid@upporting, and valuable sacri ce in this study.
(Matter et al., 200R Unfortunately, there is no e ective
treatment for lymphedema untii now. Conservative SUPPLEMENTARY MATERIAL
treatment methods include roasting therapy, intermittent
compression therapy and so on. If the edema and brosisThe Supplementary Material for this article can be found
is aggravated, surgical treatment might be requirékdker online at: https://www.frontiersin.org/articles/10.Z88ene.
et al., 201 And the key to treat MD is guring out 2019.00206/full#supplementary-material
how the lymphedema come into being, and we still needupplementary video 1| The edema does not affect normal walking to the
more evidences. father patient.
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