
Fig. S1. Time-course of lymphatic development in the dorsal skin. (A-C″″) Confocal tiled z-stack (20×) images of a 
whole-mount anterior dorsal skin dissected from E13.5 (A), E14.5 (B) and E15.5-E16.0 (C) mouse embryos and immunolabeled 
with anti-PROX1 (blue), anti-LYVE1 (green) and anti-PECAM1 (red) antibodies. Dashed line represents the dorsal midline. Insets 
represent individual antibody channels. PROX1+ LECs begin to invade the dorsal skin at E13.5 (A″, white arrow), and progress 
to the dorsal midline by E15.5-E16.0. Red arrows label remodeled blood vessels (B′,C′). Scale bar: 1 mm.



Fig. S2. Prox1+/GFPCre and VECadCreERT2tg activity in the Rosa-lacZ R26R reporter line. (A-D) Confocal z-stack image 
(20×) of a whole-mount anterior dorsal skin dissected from Rosa-lacZ R26R+; Prox1+/GFPCre embryo at E14.5, and immunolabeled 
with anti-β-Gal (green), anti-LYVE1 (blue) and anti-PECAM1 (red) antibodies. The majority of LYVE1+ LECs are β-Gal+ (B), 
whereas only a few isolated LYVE1–/PECAM1+ BECs are β-Gal+ (C). (E-H) Confocal z-stack image (40×) of a dorsal skin 
dissected from Rosa-lacZ R26R+; Prox1+/GFPCre embryo at E14.5 immunolabeled with anti-β-Gal (green), anti-PROX1 (blue) and 
anti-PECAM1 (red) antibodies. The majority of PROX1+ LECs co-express β-Gal; however, few β-Gal+ BECs are also present 
(H, white arrow). (I-L) Confocal z-stack image (20×) of a whole-mount anterior dorsal skin dissected from Rosa-lacZ R26R+; 
VECadCreERT2tg embryo at E14.5 immunolabeled with anti-β-Gal (green), anti-LYVE1 (blue) and anti-PECAM1 (red) antibodies. 
Both LYVE1+/PECAM1+ LECs and LYVE1–/PECAM1+ BECs are β-Gal+ in this cross when 200 μl of a 10 mg/ml tamoxifen solution 
is administered at E12.5.
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Fig. S3. LEC sprouting and lymphatic network branching analysis. (A) Confocal tiled z-stack image (20×) of anterior 
dorsal skin at E14.5 immunolabeled with anti-LYVE1 (gray) antibody. For LEC counting (Fig. 2K) or tip cell/sprouting analysis, 
total PROX1+/LYVE1+ LECs were counted within the distal migration front (yellow shaded region closest to the midline). 
Sprouting lymphangiogenesis is most active at E14.5 within this region. The red dashed line represents the region of the dorsal 
skin closest to the limb. The blue shaded region depicts the proximal lymphatic network (the lymphatic network closest to the 
limb and furthest from the dorsal midline). Black dashed line represents the dorsal midline. (B) The same representative dorsal 
skin as depicted in A. Shaded green region depicts the entire area used for network branching analysis. (B′) Representative 
image of branch point analysis. Lymphatic vessels (yellow lines) were measured in ImageJ to obtain a total vessel length. 
Lymphatic branch points (red dots) were then counted to obtain the number of lymphatic branch points/unit lymphatic vessel 
length.



Fig. S4. LEC-specification and primary lymph sac development are normal in TGFβ signaling mutants. (A-D) Confocal 
z-stack tiled images (20×) of transverse cryosections at E12.5. Cryosections are immunolabeled with anti-PROX1 (red), anti-
PECAM1 (blue) and anti-LYVE1 (green) antibodies. PROX1+ LECs form morphologically similar lymph sacs in Prox1+/GFPCre; 
Tgfbr2f/f and Tgfbr1f/f mutants (B,D) compared with Prox1+/GFPCre littermate controls (A,C). White arrows label lymph sacs. (E) 
Quantification of LEC number in mutant lymph sacs compared with littermate controls shows no significant difference (NS) 
in lymph sac size at E12.5. (F-H′) Confocal z-stack images (40×; insets 3× optical zoom) of transverse cryosections at E12.5. 
Cryosections are immunolabeled with anti-PROX1 (red), anti-PECAM1 (blue) and anti-Activated Caspase-3 (CASP-3) (green) 
antibodies. Overall % of CASP-3+ LECs was low in Prox1+/GFPCre; Tgfbr2f/f and Tgfbr1f/f mutants (0.8% and 1.01%, respectively), 
similar to Prox1+/+ controls (1.3%). (I-L) Confocal z-stack tiled images (20×) of transverse cryosections at E12.5. Cryosections 
are immunolabeled with anti-PROX1 (red), anti-TER119 (green) and anti-LYVE1 (blue) antibodies. Mutant lymph sacs in Prox1+/

GFPCre; Tgfbr2f/f and Tgfbr1f/f mutants contain TER119+ erythrocytes (J,L, white arrows) compared with Prox1+/GFPCre littermate 
controls (I,K). Asterisks indicate lymph sacs.



Fig. S5. Heart development in Prox1+/GFPCre mutant embryos is similar to controls at E12.5. (A-J) Confocal z-stack 
images (40×) of transverse cryosections through embryonic heart ventricles at E12.5. Cryosections are immunolabeled with 
anti-TOPRO-3 (blue), anti-PECAM1 (green) and anti-αSMA-conjugated Cy3 (red) antibodies (A-E) or anti-PECAM-1 (green) and 
anti-PROX1 (red) antibodies (F-J).
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Table S1. Primary antibodies for whole-mount tissues and sections 
 
 
Name Species Company Concentration 
PECAM1 
(Mec13.3) 

Rat monoclonal BD Pharmingen #553369 1:300 

LYVE1 Rabbit polyclonal 
Rat monoclonal 

Abcam #ab14917 
gift from M. Tanaka, 
University of Tokyo 

1:200 
1:200 

PROX1 Goat polyclonal R&D Systems  #AF2727 1:50 

β-Gal Rabbit polyclonal Cappel  #55976 1:5000 
TER119 
(LY76) 

Rat monoclonal eBioscience  #11-5921-82 1:50 

Ki67 Rabbit polyclonal Vector  #VP-K451 1:200 
Cleaved 
caspase-3 
(Asp175) 

Rabbit monoclonal Cell Signaling  #9664S 1:200 

 
 
 



 
 
Table S2. Gene-specific oligonucleotide primers for RT-PCR 
 
 
A. Primers for FACS-isolated mouse cells 
 
Gene Sequence (5’ to 3’) 
Tgfbr2 CCG CTG CAT ATC GTC CTG TG (sense) 

AGT GGA TGG ATG GTC CTA TTA CA (antisense) 
Tgfbr1 TCC CAA CTA CAG GAC CTT TTT CA (sense) 

GCA GTG GTA AAC CTG ATC CAG A (antisense) 
Prox1 GTG GTG CAA CAC GCA GAT G (sense) 

TGC CAC CGT TTT TGT TCA TGT (antisense) 
Vegfr3 GGC AAA TGG TTA CTC CAT GAC C (sense) 

ACA ACC CGT GTG TCT TCA CTG (antisense) 
Nrp2 GAC TTC ATT GAG ATT CGG GAT GG (sense) 

AAC TTG ATG TAT AAC ACG GAG CC (antisense) 
 
 
 
B. Primers for human dermal LECs (mVEC-hDLy cells) 
 
Gene Sequence (5’ to 3’) 
TGFBR2 GTA GCT CTG ATG AGT GCA ATG AC (sense) 

CAG ATA TGG CAA CTC CCA GTG (antisense) 
TGFBR1 ACG GCG TTA CAG TGT TTC TG (sense) 

GCA CAT ACA AAC GGC CTA TCT C (antisense) 
PROX1 AGC GGT CTC TCT AGT ACA GGC (sense) 

AAA GGG GAA AGA CAC TCT GGG (antisense) 
VEGFR3 CTG GAC CGA GTT TGT GGA GG (sense) 

GTC ACA TAG AAG TAG ATG AGC CG (antisense) 
NRP2  GCT GGC TAT ATC ACC TCT CCC (sense) 

TCT CGA TTT CAA AGT GAG GGT TG (antisense) 
GAPDH ACA GCC TCA AGA TCA TCA GCA A (sense) 

CCA TCA CGC CAC AGT TTC C (antisense) 
 
 
	  


