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[ Abstract] Objective To observe the distribution and characteristics of lymphatic vessels in normal and injured
mouse spinal cord, and to determine if lymphatic vessels participate in the repair of spinal cord injury. Methods Thirty-
nine adult male KM mice were divided randomly into a normal group (n = 6) and an injured group (n = 33). Mice in the
injured group were further divided randomly into mice examined on postoperative days 1, 3, 5, 7, and 14. Three mice in
the injury group died after acupuncture injury, and the sample was subsequently supplemented randomly. Spinal cord
damage was induced in the injured group by acupuncture, while mice in the normal group had no spinal cord damage. The
distribution of lymphatic endothelial cells (LECs) in the spinal cord was detected by immunohistochemistry, and expression
levels of the lymphatic endothelial cell markers prospero-related homobox-1 ( prox-1), lymphatic vessel endothelial cell
hyaluronic acid receptor-1 (lyve-1), and flat foot protein ( podoplanin), and the vascular endothelial cell marker CD34
were observed in the spinal cords in normal and acupuncture-injured mice. Spinal cord samples were examined by

immunofluorescence staining, and the source of new LECs was explored by observing the co-expression of lyve-1/prox-1,
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lyve-1/podoplanin, and CD34/prox-1. Results Lymphangioid structures were present in the spinal cord in normal mice

and were distributed in segments, laterally between the white matter and gray matter. Nascent lymphangioid-like structures

appeared in the spinal cord at the site of acupuncture injury, and prox-1, podoplanin, lyve-1, and CD34 were expressed

simultaneously; however, these nascent lymphangioid-like structures disappeared after scarring during spinal cord injury.

Conclusions Segmental, transversely distributed lymphangioid-like structures are present in the spinal cord in normal

adult mice, and neonatal lymphangioid-like structures are involved in the reconstruction of spinal cord injury. These

nascent LECs may originate from the surrounding existing lymphatic vessels or from vascular endothelial cells.

[ Keywords)

Conflicts of Interest: The authors declare no conflict of interest.

AMG P BE$5 45 (spinal cord injury, SCI) J&—
b ™ = 19 B 49 M e X Rl 22 R B2 ((central nervous
system , CNS) %53 , 1] 208 4 e B i Flliz sh T g
AR 4 i E MR R T E &, A e
P03 J5 TR AL il 28 2H 225 7 A R o i A0 45 IR 2
PR ), T Sy o 1) S I B vt 1 4 00 J=
ffssE AR E T JE2 Y is o R L
B A0 1) B4R R 1) 6 2 A L 42l T AR i 22 R
GErPEELE R BT, RGN CNS Gk
ZREA  HR R R B &, Bl AT B 5 R 52
i B 4 e /N BT R RN AR e a7
e, [, PE4E 2R N IR AR S IR WA PR AR E LA e
R 455 f 928 200 L AE PN B R0 - o g S P A A
ZRG MR R,

Al , /0 B B B R B R 2 7R IR iR 4 2R
9.5 RIT A, 32 BEA YT iy = w0 Ik e Jik P B2 40 )
TR J5 # 3k SOX18 (SRY-related box-18)
SOX18 i it 5 H 3 3l 7 45 & ok 300% [R5 55 80 & 3
Rz 5% [ F 1 ( prospero-related homeobox 1, prox-1)
B5k, prox-1 BN A 2 bk B A8 A Ak iR < DGR 7 A
T TEBK S Ik T A b LA 5 T R 5 AR
FAMY S BRI IEE 10.0 K, MAF K A K IN T 3
(vascular endothelial growth factor 3 ,vegf3) 175 S Il
W R A K I F 32 1 3 (vascular endothelial growth
factor receptor 3, vegfr3) FHA: I ELAE P B2 #EL 40 g DA
Uk H 28 K N B 200 B ST AR DA K 20 B 0 0T i e 3k
PR A N B2 i B T R 3Z AR 1 (lymphatic vessel
endothelial hyaluronic acid receptor 1, lyve-1)""?_
lyve-1 {23 - J& 2 1 ( podoplanin ) 7£ # ik P 52 41 i
WRER IS R5K . yve-1 Fl podoplanin J& ik (L& 42
AT vegf3 il 5 vegfr3 HIZ5GIH 3h
PP LS8 11 A 2 R D s AR L8 8 P TS ok, (755 9k L 580
K2 41 ig (lymphatic endothelial cells, LECs ) Mt ik H
SYEIERETE R E UK LA, M R R B IR A

spine cord injury; prox-1; lyve-1; podoplanin; CD34

INERIE IR ZE 14.5 KR5ERL, I, prox-1. lyve-1.
podoplanin Fl vegfr3 #%) 72 FI{E LECs Fric LA
AP DL B LA AR R ANTILA 250 xf
Hh A S5 /D BUBR SS90 245 0 6 B R AT T TR AN T
B/ BRI R L8 A S L BT R AME A R IR
TS FRUAFE E] L] BT, SRS 0 2 LA o 2 R 22
1T 25 300 ik S R 1 2% S TR, HL R4 ) BB A
AW ). ARG, R AL AR LA BTz
2 B (EP S s S AR Sy e (R RN DN i
BB R R R A M L S 5 ER WAGE .
AR ZH Hi I IE Y e B o Ve U 45403 ) L 52
P/ B A P R I 3] LECs AR Rk, %
J& LECs 7 CNS 5475 2 2 1] RE-5 i L2 A8 fie 2 4
PR BE BR A DG AR S 503 gk 2 57/ B R B
PRI | 3z P G 92 2H U A BRI 1/ B
G ST R 5 /NS R LECs ARG R0k
O, SR IE B AR /N BT B 02 75 20 A1 A I A A
LR S HGEAT Lo A R ik 5 WL il 0t 1 Ak ot o
R AT JOBT AR b EL A AR G R 1 1 3 B T ESR DR
LU CNS 5453 01l PRAB 5236 7 4 BT A s

1 HR5HE

1.1 ##
111 S8R

39 H 4 JE#% SPF S tE{dE R KM /MR, 1A 18
~ 25 ¢, W T F g B sh W B i A BR 2> v [ SCXK
(%2019 0003] . mIFEIE], H KR K 56 A
40% ~ 60% ,I%JE 23 ~ 25 C B LR R
W, % TN B2 2= Be sl ) S 3 = [ SYXK (45) 2018
-0029]) . A BRAEAT G Ll AR v B 2 0 4 B bR A
Y IIAC FE2EBR (2021-47)
11,2 FERAF S5

lyve-1 PR (R&D Systerms, 3 [F ) , CD34 Hiik
(RS EA Y TREARA A, HE)  prox-1 Fiik



rp [ S B Bh 2 2024 4F 1 A 2R 32 555 1 8] Acta Lab Anim Sci Sin, January 2024, Vol. 32, No. 1 67

(R FEAY TRARAFR, F1E) , podoplanin
PoiR (R TRARAF, HE) , Alexa
Fluor® 488 TgG (P& HE A Y ARG FRAF, h
), DAB (5 & (a1l A ) TREA PR
A BB SO 25 B (Olympus 1X51 +
DP72, HA) | 4H LA HEHL ( Leica HistoCore Arcadia,
) M HL(Leica HI1220, 755 ) |, J& K #HL( Leica
HI1220, 78 ) , U] AL ( Kedee KD2258, H1[H ) ,
1.2 FHi&
1.2.1 Zh¥ys

ANERBEBLAT P4, IEH 41 6 L4l 33
Ho A /NREENL T AR 1 d 4 KR53 d
HARGESdH ARG 7T dHRMAG 14 d 4,546
Ho B s/ B B i 5581 3 1, R AL
HNFEREA . EBETE KM /N L 19 75 B b2 40 45
50 mL/kg FIHATIE s 1 S5 R B, BBCIRT RO, [
/INER YR, b T B B 15 2 B T BE L, IR R AL
VIFF B Ik AN AT 4t 453 405 , 453 40 4 /)N BRI 8 i |
Py, By T12 5 L1 Z R0y, 4 B A% 0. 45
mm [ 26 54 G LR AMESR, W/ BRI 3
B A LR 43, 3 0 TR, 4 5 Ll L Bk
KM,
1.2.2 ARJshb#t

A5 K /NRET 37 CIRA IR IR, R 1
FT 23 ~ 25 CHEIRATE, A BH#EERUOK, &
7 d Bk, S RIEARSES 1.3.5.7.14 K& 1%
I3 B Ll 22 ) 3 RR P Ah BE 45 /0N BB i B A
TE KX BRI R ECRE T 8 B R U0 S ABOHE 4 P ¢t
PAVLSLIN
1.2.3  HHELLUH

JINBRLE AR I I ) A5 28 190 IR U0 L0 2 B RR I
PG FT I s, 4 20 0= BT E S kI, & e H
100 mL A= HER K FEE , T 4% (pH = 7.4,4 C) Y
Z B H DL 1 | B 12 AR 150 mL, #E/D
BRI N B 28 AL, DI R ik, FH AR T s D A
W, R BE , AT IR R 5 mm 4055 W, 8 B
THBEBET 4% 2R HEE 4 CHEE 24 h, H#TH
K GEW BN B FEER RS BT S )
FKE S wm R TT AR AS FE B ZE R A L
1.2.4 AREHLU R LU LAY 0 JoE 5 AT

(1) HE G S B AT 0 47 ) o B 2 .
BEHSVELZ REBEPEE 24 h )5, B3N 2 S mm’
LA AT HE Je a5 7 )5, 5 W

5% AR,

(2) B REA SR pE AL Sk 2R Y (0. R P BE 55 5%
MZE- LW FE L E Y EZ A (SABC) KA T 5%
AUk G OHAE D) R H BS A JK, F PBS ¥
PE3 WK, EYK 5 ming 37 °C /K WS4 IR RGP R 1B 2
10 min, PBS ¥ 3 UK, AFK 5 min; 10% Y112 1075
FH 1 h, BBE—PU. M 1% BSA 4% Fb 61 B —
B, 23 903 in CD34 (1 :200) . prox-1 (1 :100) .
podoplanin(1:100) Al lyve-1(1:100) 4] F 441 |
WHES, 2RI RARES 4 CHELR,
—PUE SR, BORIR &, 7E 37 CKIRFEE R
1 h, PBS ¥t 3K, BFK S min, W NAEY FE L
PLEII R A W HE T, DAB B6, R KRR
e FoKAE, BB TR

(3) 5 12 43 M2 B /N BRUFE 1 00 o5 ) T ok B
5 kI A, AU A REHLEER 10 A~ S A5 0L 3 R
I H Image-Pro Plus 6.0 47 prox-1 FHMEZR K A2
SEITHT, G TR A,

1.2.5 HEEAHLGRET YLt

HRAE L e 5 e Y L BRI AT A . D) i
FUMEEE  ATK,PBS 30k 3 IR, BHIK 5 min;37 CIKB
K T 5 B0 1B 5 10 min, PBS YR 3 WK, B IK
5 min; 10% W IIFEIMEEH 1 h, WE—di. i H
1% BSA % LB BE—HL, 235 CD34(1:200) |
prox-1(1:100) ,podoplanin(1:100) F lyve-1(1:100)
FIR AR W HE S, 2 FR YR AR &
4C RS, —PESEHRE, B &, BAE
37 CKIBHAE IR 1 h,PBS =y 3 ¥k, HK 5 min, J5
SEERAE A FEREG, I TRITC 55 alexa fluor® 488,
37 °C, 60 min, BiVEKE il R4 C, BOGIRIE,
I 2 TR O I B A IR
1.3 FITESR

JITAR B B Al FH e 3 F SPSS 22.0 #4743
Br, AHEORME S IME + drrfERE (x = s) F, 1T
VORI L LA A s P4 A] F AR F A ST REAS ¢
Kgs, = R UL b R R Z 7 2000, #53t
HEGORMAN W R E A A A, W AR S 80k 35 94T 43
Br. P<0.05 hESAEAGIHHE X,

2 &R

2.1 HfEstRIBG AR
R B it e, A 3 RUNRUET:, HIE
TR/ B e R e o AN MERR BT B, e itk



68 P SEE SRR 2024 4E 1 A5 32 %55 1 ] Acta Lab Anim Sci Sin, January 2024, Vol. 32, No. 1

SR L AE T12 ot U SR IE s AT VT B2 ik
2 om, BFEME, WA LN BT TI2 5 11 Z W)
WEIEIEDHS  d ] B AR 0.45 mm 1Y 26 B4R e T H
FIAHERS , UL /N U i 8 30 S 60 JUL PR i3, 3
RN w2 T W)L NS i 7 S B § R
/NERTEHET
2.2 BESTRRGERELR

HE Y0 5 1E 5 4888 bR 5 (543 3 4
AT YR E , #h2ot KAMEZS IE®, F R

BT
Normal group

ARJisd

ARt d
After operation 1 d

ARJE7d
After operation 7 d

g%

ZEFYEHE S R ST, O (I8 1A) . L 0 2 EHRR
Ja 1 d, A5 AR B AT U B S A i ] R 2 45
AL, S BRI (E 1B) . EFHIARSE 3 d, 45
Ab T DR 2 27 A HES ZE L, AH B2 ] S B R AN
WFLBR , A R YEA0 e (B’ 1C) . EHlIAR S
5 d, A Bl R A A0 A R A 20 ] it ek
A HEFITEE (B 1D) , FRIR S 7 d, B0 Ak (a1 B
BRI, A ZE A SLB R (B IR, AP RIR
J5i 14 d, A SRR SRR (B 1F)

ENERK
After operation 3 d

ARJi14d
After operation 14 d

1 A5 HE R
Figure 1 HE staining of spinal cord

2.3 HHESTRIMGET. G LECs FRIZWHIRIZZWL
2.3.1 AFEEMIRAIHT 5 podoplanin B2 IAAE 4k

TEH2H /N B v 2 A T A0 47 ) 3] s 1
podoplanin FHPEWRE A HE B0, EIT 5 E
WEAC AR TR B, 20 A T b 4 5L 2 2 ] (&

T4
Normal group

AJisd

B2 SARHEREHs

ARJE7d

24) o BHRIARJE 1 d, AR A B LECs $5 51
FRiIR4rF podoplanin B FHEZRIA (K 2B) 5 £ IR 5
3 d, 4 i R ZE A 2L AT A I £ podoplanin FHAE
FIRAMIEY A (B 2C) s 5TRIARSS 5 d it R A
SRS KT I B podoplanin FH P 3 35 41 i 59 0 AR

A3 d
After operation 3 d

VJ‘; FIC T

ARJ514d
After operation 14 d

LT )
PN ‘
» < S

2P AN podoplanin Y3 iK
Figure 2 Expression of podoplanin in each group of spinal cord measured by IHC



IR ST B AR 2024 4E 1 55 32 455 1 ] Acta Lab Anim Sci Sin, January 2024, Vol. 32, No. 1 69

(K2D) BRI 7 d, A 2R 42 o 4 J) 1) o 3
T HHI) podoplanin FHYERELAE S548 (1&] 2E) 5 &5
A5 14 d, JRIR AL h ZAJ5 A podoplanin [FH 14 4 i 43
A (K 2F)
2.3.2 HREEHRIEAOIHT T lyve-1 BYRIKAEAL
IEH AL/ BUARE T 22 A RN A ARSI 2] Tyve-1 FH
PR AR LS 1, FL 2 Btk oA BT S RE K
AR B, 2040 T R S RE S 2 18] (18 3A)

4R
Normal group

ARJGsd
After operation 5 d

B3 SAfhEhd

ARJE1d
After operation 1 d

h - v
: LAY -
' et ¥ 4. ;
S 4K A 20 Juh .y
o TR A el

UL 2EY AR Tyve-1 B FIE

ARG 1 d, B & B LECs 48 SRR R4
T lyve-1 BIPHIEZRE (K 3B) £ HIAR G 3 d, #ifiikk
AY TR 22 2 PR I 2] Tyve-1 FH M 2 35 41 B A4 43 A
(F3C) s FRIARSE 5 d, F 5 4b i) PR 25 2 21 el 59
lyve-1 BHE A AIM G 434 (1] 3D) s £FHIAR S 7 d,
TR 2 20 it A ) BB R B Tyve- 1 FH P 2 400 it ( &
3E) s BFRIARE 14 d, FUR 212U [F] 80 Ad S5 11y
lyve-1 FHAE R EL A RE L5 48 (-] 3F)

ARJE3d
After operation 3 d

RJE14d

Figure 3 Expression of lyve-1 in each group of spinal cord measured by ITHC

2.3.3 BBEETRIBUIRT U5 prox-1 ) F AL

I AU BUA B AR I8 prox-1 (& 4A) . £
AJE 1 d, 4L PR prox-1 FHE R 15 40 M (K]
4B) BT RIS 3 d, 4540 4 B A 25 421 p A I )
prox-1 FHPEAHMI A (B 4C) . #HHIARSE 5 d, N2
AR LI 3] prox-1 FHYEANM , #43 prox-1 FHE
AU B LA S5 K (181 4D) o SFRIRSS 7 d, A2
2 prox-1 [EREERYIN B%ﬂ(éﬁmﬁﬁﬁﬁ( ] 4E)

FFRIAR TS 14 d IR 4 2R H prox-1 BHE 21 il A
T2 4F) o il K S e 4L UL 232 P e 3
HEW, BRI ARG 1 d, prox-1 55 3£ A, HHIARE
3d, prox-1 Kk TR, £HHIARIG 5 d,prox-1 FKikgk
iR, FFHIARJG 14 d, prox-1 NFEIE(E 4G) .
2.4 BEHRGEH. EOESFHEL

TEH /N BURRE LA N S BRic ) CD34 R
AR D Feik (B SA) . BGALET RIS 1 d, #fidb

Average 10D
=

4 HAEHRIEALULEG ORI prox-1 YR
Figure 4 Expression of prox-1 in each group of spinal cord measured by THC



70 o S A Bh 2R 2024 4F 1 A 5E 32 B55 1 8] Acta Lab Anim Sci Sin, January 2024, Vol. 32, No. 1

KU, CD34 BHPEZNA (B SB) . £FHIE 3 d, ikt FHMEAnakE (B SF) .

FrR L CD34 G AR WY (K 5C) . £HHlE 2.5 RERANELELER

5.d, BiAk 2SR AT ULE] CD34 FHE 0 i 2 FERIJE 3 d, B BEERIR 5 Ab Hh BLAYHr A A1
Rk, A (E SD) , EHlE 7 d, SAn AL R L 3R lyve-1/podoplanin  lyve-1/prox-1 Fll CD34/
F) CD34 BHA: 410 B )z N 4 B9 20 {0 28 1, Bm AT SR 3 prox-1, H. lyve-1/prox-1 F:33K 157 A= 21 iy 52 #HL 750 %
Z (K 5E), $HHIARIG 14 d, BIRAZ AL E T CD34 EAERZ (K 6)

1 4 ARGl d AJE3d
Normal group After operation 1 d After operation 3 d

RJE5d ARJE7d ARJG14d
After operation 5 d After operation 7 d After operation 14 d
) S T AR el T
1 7'3" Yy o
?',f.- \, 'D S

57 ) ’
N ','. -
‘. ' 20 pm

Figure 5 Expression of CD34 in each group of spinal cord measured by IHC

podoplanin merge

prox-1 merge

20 pm

prox-1 merge

Be6 #HMiARE 3 d lyve-1/podoplanin . lyve-1/prox-1,CD34/prox-1 &YX Yefh 45
Figure 6 Lyve-1/podoplanin, lyve-1/prox-1 and CD34/prox-1 on 3 d after spinal cord injury by immunofluorescence

3 i RE 7 T & 4 AR
HAjE A& B H-5 H B9 LECs b EW A : vegh3,
TR LA ph b L PN B A A B, SRR A W2 N R 2 s prox-1, BA R R IR I A A Y
WML, WS SR BT e RS, AT DU kA A ik A
REANM S DIRE | 70 2EH7 N PR A2 25 A G e B A 2 lyve-l,%%/ﬁﬁﬁ%%ﬂ‘]ﬁ%)ﬁ@&ﬁlﬁiEB&E&H



rp [ S B Bh 2 2024 4F 1 A 2R 32 555 1 8] Acta Lab Anim Sci Sin, January 2024, Vol. 32, No. 1 71

TERY K N e bric =z — 2 s podoplanin, £ % ik
F LECs™ ™) FHISCT bk EL A5 1 oK R B — 1
SHEARIC . H I, 24 LEC FRiC# Bk G
N AR R LECs %858 BYRp S o AW 5 [ {1
prox1 lyve-1 podoplanin #E1 7 ELEHRIC

SEH R FH A g5 2H A S HORAG T I /D BUA
BEH LECs Fnikdy prox1 lyve-1 g podoplanin OSSP
TGO, RIAE IEH /N R prox] AFKIE, lyve-1
F1 podoplanin A77E 17 BebEFH M 3R G8, 40 T AR
WA GBI S 2 8], HOEAT 5 BE R AR I 1
H A PN A A HAEA R 7 A MRS, I,
TR E /N BUE B D T BE AR LA AR A A, OF
PATHEE R IDRE . 05 2 )5 1Y/ BRUA B oL g
F] lyve-1 Fl podoplanin f4 FH 1 Ik I 48 #F 45 # 19
FHTE

TEARR S S5 38 e H AU F HOR K
D053 05 J5 8 B N AH OC LECs Frik I Rik, &
PEFRS 3 d,/NEUEBE A 2R H 2L prox1 \lyve-1 Fl
podoplanin FKIEW B, IG5 ~ 7 d, WZFH
2 I LYY prox ] FHPEMK A FELSE A, BT 005
7 d, BB AL podoplanin FHE bk I 55 FE 45 44, £
HlJE 14 d, HIBLA Y Lyve-1 BHPE M EL A REL544
15 3 d, lyve-1/podoplanin | lyve-1/prox-1 ¢ Y XX
QO R — D R WA R R s A UE 2
AFEE T B TR A LECs ARSI FHPE R GL  JF 2
PRSI ok O R A A S B A 0 e 2 e A R
PERE , IR FER A28 2 4 25 7 A K i A 45 IR 26 7E
PRI, T ) J5 114 B R 63 o) 5 4 3 )5 1)
AR NS 2 R g P e 40 i ] R A
KIE AN A 2 507, [R5 ST 2 HE bk
BV B AR P S R RS RAEE Y  REAE
SER R AR B ORE v ASAAT IR LA T e, X
55 Z AT /0N B R ik B3 405 4 2H 218 R A i
PR LT R A R BV 2 SR A — B, 42 7R CNS
P05 5 1 Rt b T g Hh B TR AR b A AR A
L A5 AT LAV B IR S8 1 28 40 O 1 1l g 0 e 7 ) S 46
SEANAL, A5 005 J5 A A B 14
d,lyve-1 Al podoplanin FH M 5 N 4 HAE i IR 2H 21 )
A, HLARIK I b | iR 4H 2] AR D
FRPEZ IR, BRI A ik CL A8 e 4 405 i ) s B —
e, YA SRR HEUE S B E Rk A R
ZTHAEM, Wtz ik 17, B, i s
BRI A MO ETRNS S T EHLWEE,

CD34 I N B AR AR A o R A0 A ok L2 4
FELSHR T RER IR, #EAT T CD34 5 bk EL4E N B bn
ICPIRY R BE DG, 7 S UE 5 0F 7 il 41 41

HAR A AR 2 3K 1L N B AR bR 35 ) CD34, /)

SR BESH R AR S B )5 3 ~ 5 d, ifnkbar il

CD34 PRSI 22, )iz oA 4 e 7 d,

CD34 FHYER YIS T, B AT R 8 2 s i bl

J5 14 d, IR RE B CJC CD34 B 40 i 43 7

BePEDEEUGEUE S AL B 73 CD34 PR 40 i [7)

L2 IK prox 1, HEMINHT A R L 45 P B 4 it vl i >

HT R E LA N A, XS IR A R E

AR A BT LA 0 P B A R K A 10 A

P AR A A TR B I SR — B, BRI, AT DA

N, 5 A 1 A 1) BT A T L2 A PN B A4 T R Ok TR T

PR IERAR , A R R A 0 bk 2 A7 8 L A7 P K 4 i, 1EL

¥ AN 8 B A 190 o 6 A 0 R — o, B0 2 2 A Y L

11, IR B AEAS BE— 2B IRHITE

LR LTI, IR /N SR B P A AE 22 A R AR T

Bl A bk CL A R A5 1, /N B Bl 1 ) i B —

IR A TRE RAESE T A e 22 1 A

FELE R AT AE B nT BB o g bk VA AE CNS 14518

SRR L TORFEACIE, Rl R R 5t

T RETH 5 1] 58 A Hh X A 28 1] 405 P 400 5 48 52 1 i

RIGITHL R Z —,

£ % XX #k(References)

[1] GUOS, ZHOU D, ZHANG M, et al. Monitoring changes of
docosahexaenoic  acid-containing lipids during the recovery
process of traumatic brain injury in rat using mass spectrometry
imaging [J]. Sci Rep, 2017, 7(1) ; 5054.

[ 2] BERNIER-LATMANI J, SABINE A, PETROVA T V. Meet me
in the middle: dual origins of dermal lymphatic vasculature in
mammals [J]. Circ Res, 2015, 116(10) : 1630-1632.

[ 3] OHTSUKI S, TERASAKI T. Contribution of carrier-mediated
transport systems to the blood-brain barrier as a supporting and
protecting interface for the brain; importance for CNS drug
discovery and development [ J]. Pharm Res, 2007, 24(9):
1745-1758.

[4] LOUVEAU A, SMIRNOV I, KEYES T J, et al. Structural and
functional features of central nervous system lymphatic vessels
[J]. Nature, 2015, 523(7560) : 337-341.

[5] ASPELUND A, ANTILA S, PROULX S T, et al. A dural
lymphatic vascular system that drains brain interstitial fluid and
macromolecules [ J]. J Exp Med, 2015, 212(7) : 991-999.

[ 6] DA MESQUITA S, LOUVEAU A, VACCARI A, et al.
Functional aspects of meningeal lymphatics in ageing and
Alzheimer’ s disease [ J]. Nature, 2018, 560 (7717): 185
-191.



72

TR E SR B 2A 4 2024 45 1 A5 32 555 1 Acta Lab Anim Sci Sin, January 2024, Vol. 32, No. 1

[10]

[11]

[12]

[13]

[14]

[17]

[19]

JACOB L, BOISSERAND L S B, GERALDO L H M, et al.
Anatomy and function of the vertebral column lymphatic network
in mice [ J]. Nat Commun, 2019, 10(1) ; 4594.
KASER-EICHBERGER A, SCHROEDL F, BIELER L, et al.
Expression of lymphatic markers in the adult rat spinal cord [ J].
Front Cell Neurosci, 2016, 10; 23.

MEZEY E, SZALAYOVA I, HOGDEN C T,
immunohistochemical study of lymphatic elements in the human
brain [ J]. Proc Natl Acad Sci U S A, 2021, 118
(3): €2002574118.

WIGLE J T, OLIVER G. Proxl function is required for the

et al. An

development of the murine lymphatic system [ J]. Cell, 1999,
98(6): 769-7178.
ESCOBEDO N, OLIVER G. Lymphangiogenesis; origin,
opecification, and cell fate determination [ J]. Annu Rev Cell
Dev Biol, 2016, 32. 677-691.

HAGERLING R, POLLMANN C, ANDREAS M, et al. A novel
multistep mechanism for initial lymphangiogenesis in mouse
embryos based on ultramicroscopy [ J]. EMBO J, 2013, 32(5) .
629-644.

RAMANI P, DUNGWA J V, MAY M T. LYVE-1 upregulation
and lymphatic invasion correlate with adverse prognostic factors
and lymph node metastasis in neuroblastoma [ J]. Virchows
Arch, 2012, 460(2) . 183-191.

TAMURA R, YOSHIDA K, TODA M. Current understanding of
lymphatic vessels in the central nervous system [ J]. Neurosurg
Rev, 2020, 43(4) . 1055-1064.

PETROVA T V, KOH G Y. Biological functions of lymphatic
vessels [ J]. Science, 2020, 369(6500) ;: eaax4063.

ANTILA S, KARAMAN S, NURMI H, et al. Development and
plasticity of meningeal lymphatic vessels [ J]. J Exp Med, 2017,
214(12) ; 3645-3667.

MENG F W, YU J T, CHEN J Y, et al. New lymphatic cell
formation is associated with damaged brain tissue clearance after
penetrating traumatic brain injury [ J]. Sci Rep, 2021, 11(1):
10193.

OLIVER G, KIPNIS J, RANDOLPH G J, et al. The lymphatic
vasculature in the 21% century: novel functional roles in
homeostasis and disease [ J]. Cell, 2020, 182(2) : 270-296.

ASPELUND A, TAMMELA T, ANTILA S, et al. The

Schlemm’ s canal is a VEGF-C/VEGFR-3-responsive lymphatic-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

like vessel [J]. J Clin Invest, 2014, 124(9) : 3975-3986.
OLIVER G, SOSA-PINEDA B, GEISENDORF S, et al. Prox 1,
a prospero-related homeobox gene expressed during mouse
development [ J]. Mech Dev, 1993, 44(1) . 3-16.

WIGLE J T, HARVEY N, DETMAR M, et al. An essential role
for Prox] in the induction of the lymphatic endothelial cell
phenotype [J]. EMBO J, 2002, 21(7) :1505-1513.
JACKSON D G, PREVO R, CLASPER S, et al. LYVE-1, the

lymphatic system and tumor lymphangiogenesis [ J ]. Trends
Immunol, 2001, 22(6) : 317-321.
BANERJI S, NI J, WANG S X, et al. LYVE-1, a new

homologue of the CD44 glycoprotein, is a lymph-specific receptor
for hyaluronan [J]. J Cell Biol, 1999, 144(4) . 789-801.
BREITENEDER-GELEFF S, SOLEIMAN A, KOWALSKI H, et
al. Angiosarcomas express mixed endothelial phenotypes of blood
and lymphatic capillaries; podoplanin as a specific marker for
lymphatic endothelium [ J]. Am J Pathol, 1999, 154(2) . 385-
394.

SCHACHT V, RAMIREZ M I, HONG Y K, et al. Tlalpha/
podoplanin  deficiency disrupts normal lymphatic vasculature
formation and causes lymphedema [J]. EMBO J, 2003, 22
(14) : 3546-3556.

SLEEMAN J P, KRISHNAN J, KIRKIN V, et al. Markers for
the lymphatic endothelium: in search of the holy grail? [J].
Microsc Res Tech, 2001, 55(2): 61-69.

TAMMELA T, ALITALO K. Lymphangiogenesis: molecular
mechanisms and future promise [ J]. Cell, 2010, 140(4) . 460
-476.

ILIFF J J, GOLDMAN S A, NEDERGAARD M. Implications of
the discovery of brain lymphatic pathways [ J]. Lancet Neurol,
2015, 14(10) : 977-979.

BAKKER E N, BACSKAI B J, ARBEL-ORNATH M, et al.
Lymphatic clearance of the brain: perivascular, paravascular and
significance for neurodegenerative diseases [ J ]. Cell Mol
Neurobiol, 2016, 36(2) : 181-194.
RODRIGUEZ-NIEDENFUHR M, PAPOUTSI M, CHRIST B, et
al. Proxl is a marker of ectodermal placodes, endodermal
endothelium and lymphangioblasts

compartments, lymphatic

[J]. Anat Embryol, 2001, 204(5) : 399-406.

[KFEEHH] 2023-02-17



