


VicTopua Bonpoca
AHaToMKAa N donsmnonorus
[laTonorus
Moaenu natornornu

AkBepyk (OT nat. aqua — Boga u duco — Beny) — BogoBog (kaHan, Tpyba) anst nogayv Boabl
K HACeNEHHbIM NMyHKTaM, OPOCUTENbHbLIM U TMOPO3IHEPTETUHECKMM CUCTEMAM N3 NPUPOAHbBIX UCTOYHUKOB BOAbI.



William Harvey 1578 — 1657
(AHrnuns)

XVIl Bek
OCHOBOMONOXHMK pr3nonornn

EXERCITATIO

ANATOMICA DE

MOTV CORDIS ET SAN

GVINIS IN ANIMALIL
BVS, ML

VILIELMI HARVEI ANGLI

g Med:achu €5’ Profefforis e Anaroma in Col
uw«mum-ﬁ LN

FRANCOFFR T
Sumptibus GVILIELMI FITZERL

ANNO M. DC. XXF1LL

De Motu Cordis 1628

QKkcnepuMeHTanbHble AoKka3aTenbCcTBa Teopum
KpoBOOOpaLLleHus



XVIl Bek

Gaspare Aselli (1581- 1625), Utanusa

De lactibus sive Lacteis venis 1627

OTKprTI/Ie «MJ1eYHbIX» COCyaoB



XVIl Bek
Jean-Pierre Pecquet (1622-1674), ®paHuus,

«Experimenta Nova Anatomica», 1651
Onuncanue rpygHoro numdarmyeckoro npoToka y cobak

Olof Rudbeck (1630-1702), Leeuus

«Nova Excercitatio Anatomica», 1653
OnucaHne NnuMdaTUYeCcKUx COCydoB Y XMUBOTHbIX B Pa3fIMYHbIX YacTsx Tena

Thomas Bartholin (1616-1680), JaHns

«de Lacteis Thoracicus in Homine Brutisque nuperrime Observatis», 1652
OnucaHwne rpygHoro nmmMmgaTmyeckoro npoToka y YerioBeka



KpoBeHOCHas u numdaTtnyeckas cuctema

3aMKHyTasa cucrtema
LleHTpanbHbIN HAcoc

HenpepbiBHaga cucrtema 2 kpyra
KpOoBOOOpaLLEeHUS.

CKOpOCTb ABWMXEHUS KPOBU B
aopte — 50 cm/cex.

CKOpOCTb ABWMXEHUS KPOBU B
aptepusix — 6-13 cm/cex.

CKOpOCTb ABWMXEHUS KPOBU B
kanunnapax — 0,07 cm/cek.

CKOpOCTb ABWMXEHUS KPOBU B
BeHax — 1,5-30 m/cek.
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KpoBeHOCHas u numdaTtnyeckas cuctema

rHwooo

BeHozHaa
cHCTEMA

»:\Kp

. mrpamqecme
. COCYOH
\

Jimadamidecia
s Y3EN

“Jrmdatraeckan
(" “emcTeMa

(obMeHHEIE COCYTRLD)

AprtepuanbHan
cHCTEMA

3 SnacTHYecKHe

(VB TpATEHELE CO CYTED

4 Neneusere
A apt

4 ERHH
pacifENEHTEEHELE C0CYTIEL

[TonyoTkpbiTagd cucrtema
OTcyTCcTBME LEHTPAsrIbHOro Hacoca

OgHoHanpaBneHHoe ABMXeHNE OT
«KOpHEen» numdaTtnyeckou
CUCTEMBbI K TPYAHOMY MPOTOKY

CKopocCTb ToKa numMmdbl No
cocygam — 0,5 cm/cek.




KpoBeHOCHas u numdaTtnyeckas cuctema

3aMKHyTasl cucrema
LleHTpanbHbIM Hacoc

HenpepbiBHaga cucrtema 2
Kpyra KpoBoobpalleHus.

CKOpPOCTb ABUXEHUA KPOBU
B aopTe — 50 cm/cek.

CKOpPOCTb ABUXEHUA KPOBMU
B apTepusax — 6-13 cm/cex.

CKOpPOCTb ABUXEHUSA KPOBMU
B kKanunnapax — 0,07
CM/CeK.

CKOpPOCTb ABUXEHUSA KPOBU
B BeHax — 1,5-30 cm/cek.

[TonyoTKkpbiTas cucrema

OTcyTCTBME LIEHTPANbHOro
Hacoca

OOHoHanpaBreHHoe
OBWXKEHNE OT «KOPHEU»
nMmMmgaTnu4eckon CUCTEMbI K
rpyaHoOMY MPOTOKY

CKOpOCTb TOKa NnMMdbI Mo
cocygam — 0,5 cm/cek.




AHaToMMA N dpusnonorus

[ NaBHbIE PYHKUUN NUMPaTUYECKOU CUCTEMDI

[MlopaepxaHue BOOHOIoO roMmeocTasa
BcacbiBaHue Xnpos
MMMYHHbLIN Hag3op




Kanunnapol
IlumpaTtndeckune cocyabl
NnmdaTnyeckme KonnekTopsl
[ pyAHOW NPOTOK- NMpaBbI rPYyAHOU MPOTOK



NnmdaTtnyeckne

y3nbl

pyaHon numcaTnyeckmmn
NPOTOK
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NTnmcbaTnyeckume
KOJNJEeKTopbI




OTnnunsa numdaTN4eCcKoro N KPOBEHOCHOIO

NnameTtp 50-70

Epidermis

Dermis

Kanunnapa

HaunHatoTcsa cneno
KOHTYp HeperynapHbin
Cnenble BbIPOCThI
MUKPOH (B 8 pa3 60rsibLle KPOBEHOCHbIX)

4 Langerhans cell

Superficial
lymphatic
plexus

Deep

(: lymphatic
plexus




O0BOEHHOCTU CTPOEHUA CTEHKU NIMMAATNYECKOTO
Kanunnsapa

OauH cnow aHaoTeNnanbHbIX KNeTokK

LLlenu mexay aHooTennanbHbIMU KNeTKkaMn, OTKPbITble B MIHTEPCTULUNA (UK
MEXYTOYHYIO TKaHb)

«FlKOprIe CbI/IJ'IaMeHTbI» - BOJ1IOKHa MeXay aHAoTeMMalibHbIMU KIETKaMUN N
MEXKJITIETOYHbIM MaTPUNKCOM

OtcyTtcTBMe 6aszanbHONM MeMbpaHbl

OIEKTPOHHAsA MUKPOCKOMNUS MHULMANbHbLIX NMMdaTMKCOB
(numdpaTnyecknx kanunnapos) koxu. poceeT (L),
nogobHbIN pacwenuHam, BoicTradH CD34 no3anTUBHBLIMA
aHpoTenmanbHbiMn Knetkamn u CD34- nepuuntamu.
OTtcytcTBMe 6asanbHON MeMBpaHbI.

Bar=1 um




OTKprTbIe KOHTAKThbI
AHAOTEJINAJIbHbIX
KITeTOK

Sicht aus dem Lumen
In das Interstitium

A Unlwrllyoﬂ:auel 2
iy TSN T
LymphForsch §(1)2001
Abb. 4, REM

208103 5.0 kV X8.00K '3.25um
H. Zoltzer




Schild A.L., Riet-Correa F., Mkndez M.C. Hereditary lymphedema in Hereford cattle//
J Vet Diagn Invest 3:47-51 (1991)



O0BOEHHOCTU CTPOEHUA CTEHKU NIMMAATNYECKOTO
Kanunnsapa

MNO3BOJIAKOT NMPOHUKATDb B J'II/IMqZ)aTI/IL-IeCKI/Ie Kalnninnapbl
KPYMNHbIM benkam, Konmnongam U KpynHbIM KIETKaM,
XUJTOMUKPOHaM

To ecTb CTPYKTypaMm, MO CBOUM pa3mepam He
NpoxoasiMM B BEHO3HYIO YacTb Kanunnsapa

Ha 9ToM OoCHOBaHbl MeETOAbLI BU3yanusauumn
nMMmdaTnU4eCckon CUCTEMbI (BBEAEHUE KpacuTeneun,
pas3Mepbl YacTuL, KOTOPbLIX HE MO3BONAIOT
BCacCbIBaTbCS UM B BEHO3HYIO YacCTb Kanunnsapa)



NumdaTnueckan cuctema

KpOBeHOCHaFI cucrtema

OnameTp Kanunnapa 50-70 MKm 5-10 mKm
Konnuectso 6.800.000.000 19.000.000.000
CKopocTb 0.03 mKm/cek (kanunnsp) 0.07 cm/cek (kanunnap)
CKoOpOCTb 1.7 mm/cek (rpyaHon npoTtok) [ 50 cm/cek (aopTa)
CKopocCTb 0.3 mm/cek (KonneKkropbl) 6-13 cm/ceK (apTepumn) 6-14 cm
ceK (BeHbl)
10 nm cr

TpombouuTbl | 2 MUKpOH

SputpouunTbl 3-8 MUKpPOH

InmdouuTsl 6-12 MUKPOH

Makpodaru 20-80 MUKpPOH

XUNOMUKPOH
75-1200 HMm

Ovalbumin e (1)

B e

Na+ 2 Glucose

(43.500) Insulin
(24,430)
o P
Albumin "MOb‘ﬂ
(68,460) (68,000)
a-Lipoprotein f.Li .
poprotein
(200,000) (2,663,000)
—— e o
Fibrinogen
(339,700)

> [-Lactoglobulin
{40,000)

B1-Globulin
(90,000)

¥ Globulin
(153,100}



MexaHn3mbl ABMXKEHUA NUMA@b

CokKkpalleHne CTeHOK (MMmMdaHrMoHoB)
CokpalleHne MbiLuL
[Tynbcauma aptepun
Cysterna chyli (cpaweHa ¢ gnaparmomn)
OTpuuarernbHoOe gaBrieHne B ApEMHON U MOAKIHOYNYHON BEHAX

MpekanunnspHble apTepuonsbi

~— '. I._,'.."
[ ; -I _'._.-\.' .. -‘:
NHWumMansbHbIN CkeneTHas
nMMmdartnyeckmm MyCKynartypa

cocyn
[unacTona Cuctona

Bertuglia S. et al., 1991



Lymphangon
ZoMzer
Weissleder's chucharcht
Erkrankungen des
Lynmphgefa

Viavital Verlag 2000

JInmpaHrmoH — CTpyKTypHO-PyHKLMOHaNbLHas
eauHuUa numdatnyeckoro pycna, obnagatowas
COBCTBEHHOW COKpPaTUTENBLHOM CNOCOBHOCTBLIO

University of Kassel

A
N

Kontinuierlicher Durchflufl der Lymphe
bei beidseitig gedffneten Klappen

=7 atF =

2

e W 3}

Flllungsphase mit Wanddehnung
durch vermehrten Lymphzustrom von distal

- —

JEA;
Beginnende Entleerungsphase
bei einsetzender Kontraktion der Wand
21118
<t— N 4

AusstoR des Lymphinhaltes Lach proximal
bel maximaler Wandkontraktion



NumpaTtnyeckmu ysen —
Ba)>XHEULLNN 3NIEMEHT
nmm@aTndeckou
CUCTEMBI

Kaxxgbln numdoatnyeckni
cocya xoT4 Obl oauH pa3s
npepbIBaeTCA B
nMMm@aTnyeckom yane

Obwaa macca — 1% ot
MaccChbl Tena,
KonnyecTtBo donee 500



CTpoeHne numdaTtmyeckoro yana
Kancyna
KopkoBoe BeLLeCTBO
Mo3aroBoe BeLLecTBO (MAKOTHbIE TSXN)
CuHycCbl (KOPKOBbIE N MO3rOBbIE)

AddepeHTHble (NpUHOCALLNE) cocyabl (MX HECKOMbKO, BNadatoT B OYHKLMOHANbHbLIN
CErMEHT)

OyHKUMKM NuMdaTryecKkoro yana
TpaHcnopTHaA (CoKkpaleHMe MbILLEYHbIX
9fIEMEHTOB Karicyrsibl)
BapbepHasa (ounsTp MUKPOOOB,
KNEeTOYHbIX 35IEMEHTOB, TOKCMHOB,
MHOPOAHbIX YacTuL)
UMMyHHasa (npe3eHTaums aHTUreHOB)




Teopua CtapnuHra

dounbTpaums pe3opbuuns

90%

HeTToynbTpaduneTpaT = 100%
Ynerpadunstpar - pe3opouuns

« CpenoHee kanunnsapHoe
rmapocTaTnyeckoe gaBrieHne
= OHKOTUYECKOE JaBlieHue Lymphanc |
- A capilary |
nnasmbl S

[ ngpocTaTuyeckoe gaBreHne
npeobnagaet B
apTepunanbHOU YacTu
Kanunnsipa, NponcxoanT
dounbTpaunsd
B BeHO3HOM YacTu kanunnapa
npeobnagaeT OHKOTUYecKoe
OaBrieHne, nponcxoanT
peabcopbuus

2-4 nuTpa TKaHEBOW XMAKocTn (NMMMdb)
exegHeBHO




Nnmdpatnyeckasa Harpyska (0ObLEM HaArpyskm)

Hopma

 Bopa (uncTbin
yrnbTpadunbTpar

* bernok (cobCcTBEHHbIN
Oenok Tena,
YyXXepoaHbI DESOK,
Hanp., 6aktepumn, 1
ap.)

*  KneTkn (numdoouuThl,

rmanypoHoBasi
KucnoTa)

*  AHTUreHbl

« XXup

NHTepcTuUmanbHas XXUakocTb

Lymphatic Vessel
white bicod cells

> large proleing -
and nutrients

\
Blood Vessel A

coll

¥ nutrients fiid from
@ 2006 Encyckpxdis Britsnnis, Inc biood




CLIN. CHEM. 41/10, 1522-1525 (1995) » General Clinical Chemistry

Composition of Interstitial Fluid
Niels Fogh-Andersen,"* Burton M. Altura,’ Bella T. Altura,® and Ole Siggaard-Andersen’

NHTepcTnumanbHas XXUOKOCTb

Table 2. Maan plasma concentrations in 20 subjects

during standing and after 10 min recumbent, and
astimated concentration in interstitial fluid (mmol/L).

Total protein (g/1)
pH

Alburmin

Total calcium
Ca®* [pH 7.4)
Total magnesism
Mg®* (pH 7.4)
Total sodwm
Sodium (direct ISE)
Total potassium
Potassium (direct ISE)
Total CO,
Phosphate

Standing
73.7

7.358
0.676

2.365
1.257
0.887
0.532
1388
141.8
4.28
4.41
29.7
1.177

Cospires
o8.6"

T.383"
0.630"

2.288"°
1.250°

0.866°
0.530
138.4
141.2*
417
437
292°
1.123"

“P <000, *P <00, <P <0LD5, brﬂ'ﬂf—ﬁﬂ.

Irrterstital
Thusic

20.6

0.188
1.551
1.183
0.666
0.506
1346
135.7
3.17
3.97

0.610




JNnmdpa

[Mpo3payHas XMOKoCTb MAEHTUYHASA nnasme
KpOBW, OTNMYaeTcs Nno coagepxaHuto benka,
COOEPXUT NUMMOLINTLI, XKNPb

International Immunaology, Vol. 27, No. &, pp. 219-227 © The Japanese Society for Immunology. 2015. All rights reserved.
doi:10.1093/intimm/dxv012 For permissions, please e-mail: journals.permissions@oup.com
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Lymph formation, composition and circulation: a
proteomics perspective

Kirk C. Hansen', Angelo D’Alessandro’, Cristina C. Clement? and Laura Santambrogio?*

'Department of Biochemistry and Molecular Genetics, University of Colorado Denver, Aurora, CO 80045, USA
2Department of Pathology, Albert Einstein College of Medicine, NY 10461, USA
*Department of Microbiology & Immunology, Albert Einstein College of Medicine, NY 10461, USA



Published in final edited form as:
J Proteomics. 2013 January 14; 78: 172-187. doa:10.1016/,)prot.2012.11.013.

Protein expression profiles of human lymph and plasma mapped
by 2D-DIGE and 1D SDS-PAGE coupled with nanoLC-ESI-MS/
MS bottom-up proteomics

Cristina C. Clement®, David Aphkhazava®, Edward Nit—:-ves*b, Myrasol Callaway®, Waldemar
Olszewski?, Olaf Rotzschke®, and Laura Santambrogio®*:
Laura Santambrogio: laura.santambrogio@einstein.yu.edu

Cc D Common Lymph and Plasma Proteome

Lymph Plasma Uknown 5% Cytoplasm 9%

R

| 72(144 137 | Nucieus 2% s

N m
NN -.-/ Membrane 8%

Extracellular 76%

Enriched Lymph Proteome F Enriched Plasma Proteome

Unknown 10% Nucleus Unknown

Cytoplasm 8% Cytoplasm 17%
32% Plasma
Nucleus Membrane
21% 12%
o v
Membrane

Extracellular 25% Mitochondrial 11% Extracellular 45%
1%

JNInmpa
Benkn BHekKneTo4yHoro MaTpUKCa,
anonTo3a 1 KINeTo4YHoro karabonmama

[Mna3sma
Benkn mMexxKkneTo4HbIX B3anMoaencTBUn
N CUCTEMbI Koarynaumm

JITnmgpa n nnasma
Benkn cucrembi KOMMJ1IeMeHTa,
TPaHCNOPTHbIE N NHIMBUTOPBLI NPOTEa3
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[TaTonorus



Nnmdpatnyeckasa Harpyska (0ObLEM HaArpyskm)

Hopma [MaTonorus

Lymphatic Vessel tymph (fluid)
white bicod cells

Bopa (unctbin
yrnbTpadunbTpar
Benok (cobcTBEHHbIN
Oenok Tena,
YyXXepoaHbI DESOK, litting. - | |
Hanp., 6baktepuun, n Bnotents 4 e excess fluid
\
'D'p') Blood Vessel oA red blood  anthwen plasma (fluid)
Knetkn (numdoumntsl,
rmanypoHoBasi
KMUCroTa)

AHTUrEHbI
Kup

HapyweHne
BCaCbIBaHUSA U
TpaHcnopTa

fludirom wastes avbon
© 2006 Encyskpxdin Britinnios, Inc blood g vide

NHTepcTnumanbHasa XuakocTb Nnmdpa

OOBEM Harpyskum MOXeT MEHATbLCHA U 3aBUCUT OT COCYaAMUCTON NPOHULIAEMOCTH,
OHKOTUYECKOro AaBreHust, NOBbILLEHNSA OaBNeHNs B BEHO3HOW YacTu Kanunnspa



OnpepenexHus

MWHYTHbIN 06beM TpaHcnopTHas

nMMdbI CNOCOOHOCTb

O6bem NUMbI, numdaTnyeckmx cocyaoB
TpaHCNoOpPTUPYEMOW B MUHYTY Hanbonbwunin o6bem, KOTOPbIN

cocyfbl B COCTOSIHUM
TpaHcnopTupoBaThb Npwu
MaKCMMasibHOM PacCTSXXEHUN U
COXpaHeHUn HauBbICLLEN
MOLLIHOCTM

COKpaLleHus

PYHKUNOHANbHbIU
pe3epB

Pasnunuune mexay
HOPMalibHbIM U

HanoonbWwWnM O0BbLEMOM
numaTtmnyeckoro permoHa

Kaxxabi ann3oa HeAOCTATOMHOCTU NMdaTUYEeCKMUX COCyaoB BeOET K BHEKIIETOYHOMY OTEKY.
Ho He BCAKMI BHEKIETOYHbIWM OTEK 03Ha4YaeT He4OoCTaTOMHOCTb JiIM(aTUYeCKNX COCyaoB.



CxemMa COOTHOLLEHUS pa3fnNYHbIX NapamMeTpoB,
BNUAIOLLNX HA KONTMYECTBO MEXTKaHEBOM

XXUOKOCTWU
OH- o6bem Harpysku
MMC
MOIJ1- MUHYTHbIN 06beM MM
pyHKLMOHamNbHbIV pe3eps
OH
Mon

MI1C-makcumarnbHas nponyckHas CnocobHOCTb



[laTonornyeckmne coctoaHmns

* OcTpoe BocnaneHune

* Jlnmdpepgema



[InHammn4yeckas HeaoCTaTOYHOCTb

BocnaneHue, TpaBma

OH- 06bem Harpysku

OH

/ 0TeK \

MOIJI1- MUHYTHBIN 06beM NUMMbI

ilife
MOH\:

MIC-makcumanbHasa NponyckHasi CnocoBHOCTb



MexaHun4yeckaa HegoCTaTOYHOCTb

YaoaneHne numdaTtnyeckux y3nos, NoBpexaeHue
NMM@aTUYECKNX KONMEKTOPOB, B TOM YMCIie B pe3dyrnbTaTe
ny4yeBOn Tepanuu

OH- 06bem Harpysku

MOIJI1- MUHYTHBIN 06bEM NUM@bI

b OH
\ OTeK
MIMC-makcumanbHas MI1 C
MNPONyCKHasi CNOCOBHOCTb \

MOJ1




BTopunyHaa numdenema nocne neyvyeHud
3NoKa4YeCTBEHHbIX HOBOOOpa3oBaHUN

* [locne KOMBMHMPOBAHHOIO NEeYeHNsT 3NoKa4eCTBEHHbIX
onyxonewu

* [logmblllevyHasa nuMmadoanccekums
» JlydeBasa Tepanus
* Peunauneupyroine poxmcTble BocnareHus

« [IporpeccunpoBaHne nnm peunanesmpoBaHue
OHKOJ10r’M4eCcKoro rnpotLecca

* B pesynbTaTte TpaBMbl NMMdaTU4ECKNX KOMNNEKTOPOB

(yoaneHune onyxornemn MArkMx TKaHEW, NeperiomMbl, OXOru,
NcceYyeHmne OXXoroBbix pyobuos, nocne riedbakToMmn m

T.4.)




[lpeHaTanbHaa HegoCTaTOYHOCTb (PYHKLUMOHANLHOMo
pe3epBa

OH

Mnc

[ Hor

Hydrops fetalis
(HemmmyHHast BoasgHKa nnoaa)

Taxenasa annasuga numgarnyecknx cocygos

HapylleHnsa numdaHrmuoreHesa



HabntogeHne cemen ¢ nepBUYHON BPOXKAEHHON NUMdreaeMON
(Milroy)1892

Milroy, W. F. An undescribed variety of hereditary oedema. N.Y. Med. J. 56: 505-508,
1892.

H f ol [1BYyCTOPOHHMIN OTEK CTOM U rofieHeun, BPOXOEeHHbIN
NN BO3HUKAOLWMK B TEYEHNE NEPBOro rofa XXu3Hu,

HabrnoaaeTca B HECKOSMbKUX MOKOSTEHUSIX OHON CEMbU

T
DI.D\EJI—

—n



1998 OTtkpbiTHE reHoB-KaHAMAATOB, OTBETCTBEHHbIX 33 PA3BUTUE HEKOTOPbIX
doopM nepBMYHON HacneacTBeHHOU nNuMmenemsl 1 CUHOPOMOB,
accounmpoBaHHbIX C NnMmdenemoun

Vlsyqume B aKCNnepmnmeHTe
Finland, K, Alitalo et al.
USA, Stanford, S. Rockson et al.

Great Britain, P. Mortimer et al.

MoaTBepKAeHME B KNINHUKE Ha CEMbAX C NepBUYHOU Nnmbenemon



Pa3suTtne numdaTtny4eckon CUCTEMbI

MepsruyHbIA
NUMhaTUHECKMIA
MELLOK

VEGFCveg3 94
g

Prox1+
Lywvel +
VEGFC
KapauHaneHaA
BEHA
Prox1+
Prox 1-

OBpazosaHue 1
AUthhEPEHUMPOBKA
MMM ATUMECKIK
AHA OTENUANEHBIX
KNETOK

9-9.5

KapauHaneHaa
BEHA

MoYKOBaHWE,
MUrRELMA W
nponuepauma
MM ATUHECKMK
AHAOTENUANBHBIX
KNETOK

10-11

Prox1+

Lyvel + Foxc2+
Vegrd Angiopoetin
Podoplanin EphrinB2
Neuropilin-2 Integrin

—

Y,
A

PocT K | :

thOPMMPOBaHME PemogenupoesaH1e 1
NEPBMYHO COGPEBaHNE
NN aTUYECKOro MMM PEATIHECKDN
CNAETEHMA COCYAMCTOM CETH
PasgeneHve
KPOBEHOCHOM W
NUMch aTUHECKOA
CUCTEMBI

11,8-14.5 14,5-NoCcTHaTanbHLIM NEpUOA,

Terhi Karpanen, Kari Alitalo, 2008, c n”ameHeHnsIMU



CurHanbHbiii nyts VEGF/C-VEGFR-3

c-MET

Proliferation

Nt S

Nucleus

I “4___-___-____

Brouillard P. et al. Genetics of Lymphatic anomalies J. Clin. Invest. 2014;124(3):898-904



CuHOPOMbI, acCoLIMMPOBAHHbIE C
nmmdegemon

«HWKTO 13 Hac He coBeplueHeH. Bce BornbLlee KonNnMyecTBo
reHeTUYECKNX TECTOB CTAHOBUTCS AOCTYMHbIM N KaXabl N3 Hac, B
KOHEYHOM cyeTe, OBHapYXnT y cebs myTaumio, npeapacnonararoLLyro K
Kakou-HNbyab 60nesHn»

®.KonnunHi PykoBoanTenb mexxgyHapoaHoro npoekta «l eHom
yenoBeka»



Distichiasis (aHOManua pasBuTuA c

OBONHbLIM PAOOM PECHMULL)

From: Eye (2004) 18, 1270-1272. Distichiasis without lymphoedema? B.B.Patil, R.Bell, G.Brice et al.



Yellow nail syndrome
(CMHOPOM XKENTbIX HOITEN)

CouveTtaHne Tpuagbl NPU3HaKOB
XapaKkTepHble N3MEHEHUA HOITeBbIX NIAaCTUHOK
Nnmdpenema KoHEYHOCTEN
3aboneBaHnA BEpPXHUX OblXaTernbHbIX NyTen (BpOHX03KTasbl, XUI10TOPaKC)



Hypotrichosis (rmnoTpuxo3s)




The classification and diagnostic algorithm for primary lymphatic dysplasia
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Fig. I. Bevised classification pathway for primary lymphoedema. FH. family history: 4+-ve, positive: —ve, negative; unilat, unilateral; bilat, bilateral.
Text in red indicates suggested genetic test for the subgroup. Please refer to Table 1 for definition of other terminology used in the figure.
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lapyLueHna numgaHrnoreHesa
JlnmdpaHrnogmncnnasns KuevyHuka

MoxeT coyeTaTbCs C OTeK CTEHKM KULLKKU (NOKanbHbIN boratbiv
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HepooctaTto4yHOCTb PYHKLMOHANLHOIO pe3epsBa

BocnaneHune, TpaBMa Ha oOHE OOKNUHUYECKNX N3MEHEHNU
nMMmdaTmnyecknx cocynoB
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HepooctaTto4yHOCTb PYHKLMOHANLHOIO pe3epsBa

epBuUYHaa numdpegema KOHEYHOCTEN
epBUYHAas HapYyXHbIX NOMNOBbLIX OPraHoOB
epBuUYHaa numdpegema nuua




Numpegema — XpPOHUYECKOE,
nporpeccupyroLlee, B page crny4vaes,
HacneacTBeHHoe, MyrnbTUdakTopuansHoe
3aboneBaHue, XxapakrepumaytoLieecs
BbICOKODESIKOBbIM OTEKOM.



Knaccudgukauma numdenemol

Bo3pacT Ha4yana 3aboneBaHus
BpoxaeHHasn
Praecox (paHHSAA)
Tarda (nosgHAA)
MepBU4Hasn
BTopu4yHas
BocnanutenoHas
NepBUYHan
BTopuyHas
HeBocnanurtenbHas
'Mnonnasusn
Annasus
Oonutepauuna
bone3Hb Munbpos
NTumdanrnur
dTuonorus
Overload of the system (neperpyska cucremsbl)

Inadequate collection by lymphatic terminal buds (HeagekBaTHas pabota
TepMUHaNbHbIX NMM¢aTUKOB)

HapyweHune cokpatumocTu nmmdaTtn4yecKkux cocynoB

HepocTtaToyHOCTb NUM@aTNYECKUX Kanunnsapos

O6cTpyKuma numdaTnyecknx y3nos

HdedeKTbl LeHTparibHbIX COCYAOB




[laToreHes pasBuUTua numaeaemsl

N3mMeHeHusa

BTopuyHas numMdaTIecKoro
MNepBuyHas aHpoTenus
@ numdaTnyeckmx
MepepacTsixeHune CHUXXeHMe MaKCUManbHOM Kanunnsapos unu cocynos
nMMdaTUYECKNX KOMNNEKTOPOB NPONYCKHOIN CNOCOGHOCTH 2
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HakonneHne BbICOKOMOSEKYNAPHbIX GENKOB U XUAKOCTU
B MHTEpPCTULMANIbHOM NPOCTPaHCTBE (BbICOKOE
OHKOTU4YeCKoe AaBrieHune)

a

YMeHblleHne OKCUreHaumMm TKkaHewn, HakonsieHmne
MeTabonuTtoB. Mape3 MUKpoUUpKynauun.

a

MapaBacKynspHbIU 1 nepuHeBpanbHbIn hubpPo3, y
¢dunbpo3 numcaTnyecknx cocyanos.

g

PubpocknepoTnyeckana TpaHchopmaumua TKaHen




[OndpdepeHumansHaa guarHocTmka

OTekn BCcneacTBue cepaeyHon HegoCTaToOYHOCTU
OT1ekn npu HePPOTUYECKOM CUHAOPOME

Linppo3s neyveHu

OpTocTaTtndecknin oTek

OTeKu Kak NposiBfieHNe XPOHNYECKON BEHO3HOM
HeJOCTaTOYHOCTU

HepoctaTtovyHas yHKUUA LLUTOBMOHOMN Xene3sbl

NTunepema - HepaBHOMEpPHOE OTIIOXKEeHME MOKOXHOM
KneT4yaTkn Ha OOHEe OXUPEHUS



Cumntom WTemmepa
[Tpu3Hak nuMdenemsl Kak cneacTene BbICOKODENKOBOro oTeka u
CKNePOTUYECKNX N3MEHEHNIN NOAKOXXHOWU KNneTyaTKu




Tnmpenema Bcneacrsme punsapmasa

e Bo3byautenn punapmasa e [lepeHOCYUKUN NHPEKUUN —
HUTEBUAHbIE YepBU KOMapbl Culex (in urban and
(HemaToapbl) cemelicTBa semi-urban areas), Anopheles (in

rural areas of Africa and
elsewhere) and Aedes(in islands
of the Pacific ).

Filarioidea Wuchereria
bancrofti (90%), Brugia malayi
n Brugia timori




My»KCKue n XKeHcKkme ocobmn ob6pas3ytoT «rHe3aga» B AMMPaTUYECKNX
cocyaax u cetu TMMPaTUYEeCKMX Y3108, BbI3blBaA NX XPOHUYECKOE
BOCMNANEHUE, CK/IEPO3 N BblParKEHHbIE OTEKU

MyXCKMe n XKeHckme ocobum obpasytoT «rHe3aa» B IMMPaTUYECKMX
cocyaax un cetn aimmdaTtnyecKkmnx y3s10B, Bbi3biBaA UX XPOHUYECKOE
BOCMaseHne, CKNepo3 U BbiParKeHHble OTEKU



INumdpenema Bcnencrene pungpuasa

dunapmas angemunyeH gna 80 cTpaH
Mnpa

1.1. mnpa YenoBeK HAaXoAATCA B
rpynnax pucka

NHPnumpoBaHbl Npuban3nTenbHo
120 mnH YenoBeK
2008
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Development of the lymphatic system: new questions and
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B HacToAwee BpemMA Malrnio N3BECTHO O KIETOYHbIX N MOJTEKYINAPHbIX MEXaHU3MaX, Nnexawnx B OCHOBE
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Fig. 1. An overview of lymphatic system development. Schematic model of
early lymphatic development in zebrafish (A) and mouse (B). Artenes and
veains are shown in red and blue, respectively. In both zebrafish and mouse_ the
cardinal vein (CV, blue) acts as a source of cells that become specified towards
a lymphatic fate (green), giving rise to parachordal cells (PACSs), which are the
building blocks of the fish lymphatic system, or lymph sacs in the case of
mouse. In mouse, lymphatic endothelial cells (LECs) also bud off from
intersomitic veins (B, middle panel). In zebrafish, lymphatic progenitors are
derived from a subpopulation of specialized angioblasts (yeliow) within the
posterior cardinal vein (PCV) through asymmeatric cell division.
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Fig. 3. Exploring the origins of lymphatic vessels: animal models and experimental approaches. Distinct origins — venous, non-venous and potentially dual
— of the lymphatic system have been described in different animal models during the past century. Between 1900 and 1920, a venous origin of LECs in pig and
rabbit embryos was determined using reconstruction of the anterior lymph sacs and ink injection experiments. By contrast, other early studies described a non-
venous origin for LECs in the cat, domestic fowl, trout and other teleost fish such as erymizon (only representative animal models are shown). These results were
based mostly on serial histological sections. The first description of a dual origin of lymphatic vessels came from experiments carried outin turtle embryos in 1932,
which showed that the lymph sacs are of both masenchymal and venous origins. Between 2000 and 2010, a number of studies using live imaging experments in
zebrafish embryos and Cre-based lineage-tracing analyses in mice further supported the concept of a venous origin for lymphatic vessels. During this time,
however, the rostral lymph sacs of the Xenopus tadpole and the superficial lymphatics of the chick embryo were shown to be derived from a non-venous source
(non-venous lymphangioblasts and dermatome, respectively), while deep lymphatic vessels originated in veins. suggesting a dual origin of lymphatic vessels in
these animals. Most recently, lymphatic vessals in the zebrafish embryo, as well as organ-specific (heart, skin and mesenteric) lymphatics of the mouse, were
shown to be of dual origin (venous/angicblasts and venous/hemogenic endothelium, respectively). IHC, immunochistochemistry; ISH, in situ hybridization.



MopgenupoBaHue BTOpUYHOW NnMdenembl B IKCnepnMeHTe Ha cobakax 3aTpyaHUTENbHO. XPOHUYECKUI OTEK
MOXET BbITb JOCTUIHYT NYyTEM LIMPKYNSAPHON pe3eKLMN KOXMK, MOOKOXKHbBIX TKaHEW U MbILL, UK ¢ OPMUPOBaHUS
6onbLioro pybua (Stone E.J., Hugo N.E. Lymphedema. Surg. Gyn. Obstet. 1972; 135:625-631).
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Figure 1. A) Postsurgical lymphedema in the rabbit ear. Sections of a representative postsurgical ear (left) and a
representative normal ear (right) have been obtained from the same experimental animal subject, in a plane perpendicular
to the axis of the appendage. The increase in tissue volume is evident in the postsurgical ear. The scale is provided in
inches. B) Ear volumes at postsurgical wk 46, following re-epithelialization of the surgical wound. Volume was
determined by water displacement volumetry. For each subject, the ear volume represents an average of three separate
determinations (n=16 for each group, mean +SE, *P<0.00001, 1 test).




Mogenu HapyweHu numdpaHrmoreHesa

Table 1. Factors involved in lymphatic specification: insights from KO and KD studies

Mouse Zebrafish
Gene Endothelial expression KO Endothelial expression KD KO
Prox1 Dorsolateral aspects of ~ Edema, lethality at E14.5in ~ PCV (22-36 hpf), ISVs Edema, lossof  Edema, slighlly reduced
the CV (E9.5), LECs Prox1 homozygous KO (36 hpf), PACs (48- PACsandTD number of PACs and
(E9.5) by Prox1-lacZ (Wigle and Oliver, 1999); 72 hpl), by Tg(proxta; (Yanivetal, TD-containing
reporter (Wigle and loss of LECs and postnatal KalT4-UAS.uncTagRFP) 2006) segments (van Impel
Oliver, 1999) lethality in Prox1 and IHC (Nicenboim el al, 2014); loss of
hetetozygous mutants el al,, 2015; Koltowska PACsand TDin
(Wigle and Otiver, 1999); el al, 2015a), TD (4- maternal zygolic
loss of LECs and postnatal 5 dpf) by IHC (Koltowska mutants (Koltowska
lethality in Tie2 conditional etal, 2015a) and elal, 2015a)
heterozygous KO (Harvey To(prox1a:KalT4-UAS:
ot al., 2005) uncTagRFP) (van Impel
el al., 2014; Koltowska,
2015a,b; Dunworth et al.,
2014)
Prox1b N/A NA PCV (48 hpf) and ISVs Edema lossof  No phenotype (Tao
(48 hpf) by ISH (Del PACsand TD etal., 2011; van Impel
Giacco et al., 2010) (Del Giacco elal, 2014)

elal, 2010)



Mogenu HapyweHu numdpaHrmoreHesa

Table 1. Factors invelved in lymphatic specification: insights from KO and KD studies

Mouse Zebrafish
Gene Endothelial expression KO Endothelial expression KD KO

Vegfr3 CV (E8.5), LECs Vascular defects, lethality at PCV, DA and arterial tip Loss of TD Loss of PACs and TD
(Fit4) (E12.5) by ISH E10.5 (Dumont et al., cells (24 hpf) by ISH (Hoganet al., (Le Guen et al., 2014)

(Kaipainen et al., 1998) in homozygous KO, (Covassin et al., 2006; 2009)
1995); endothelial tip lymphatic defects at E14.5 Siekmann and Lawson,
cells (E9.5) by in Vegtr3a™* 2007); enrichment in
Veglr3-lacZ reporter heterozygous mutants LECs and VECs (from
and IHC (Tammela (Haiko et al., 2008) 26 hpl) by Tg(M4:
et al., 2008) mCitrine) (van Impel
olal, 2014)

Sox18 Dorsolateral aspects of Edema, fetal lethality, lack of All vasculature, by ISH Loss of PACs No phenotype (van
the CV (E9) by IMC LECs (Francois et al., (from the 4 somite stage) and TD Impel et al., 2014)
(Francois et al., 2008) in homaozygous KO (Cermenati et al., 2008) (Cermenati
2008), DA (E9.5), etal, 2013)

ISVs (E9.5) by IHC
(Pennisi et al., 2000)

Coup- CV (E8.5) by IHC (You Edema, lack of LECs (Tie2 PCV (24 hpf) by ISH; PCV Edema, loss of No phenotype (van
TFHl et al., 2005) conditional deletion at (48 hpf) by ISH PACsand TD Impel et al., 2014)
(Nr212) E11) (Srinivasan et al., (Aranguren et al., 2011) (Aranguren

2007) etal, 2011)

Lyvel CV (E9), LECs (E9.5) No phenotype (Gale et al., PCV (26 hpf), ISVs, PACs No phenotype N/A

by IHC (Wigle et al., 2007) (48-72 hpf), TD (4-5 dpf) (Flores et al,,
2002) by ISH (Flores et al., 2010)
2010) and by Tg(lyve1:

dsRed?) (Okuda et al.,
2012)
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“The functions of the lymphatic system have remained largely unknown (since its discovery).
Two influences have contributed to our state of ignorance, a lack of suitable methods
of study . .. and a lack of interest”

« QyHKUUU nuMgbamuyeckou cucmembl OCmarsiuch 8 3Ha4umersribHOU cmereHu
Heu3geCcmHbIMU (C MOMeHmMa ee omkpbimus). [Jea obcmosimernibcmea
criocobcmeosarsiu amomy, omecymcmeue rnodxodsuwux Mmemodos uccriedogaHusi ... U
omcymcemeue uUHmepecay

McMaster PD. Lymphatic participation in cutaneous
phenomena. Harvey Lecture, April 16, 1942.
Bull N Y Acad Med. 1942;18(11):731-767.

Two main factors have impeded the progress of
work on the lymphatic vessels. . ., namely lack of
methods of investigation and lack of interest. The
latter has been partly due to the paucity of effective
therapeutic methods to deal with lymphatic vessel
disorders.'

Craig 0. Primary lymphedema In: BWM Goodnertne, ed.
Lymphography - Clinical and experimental. Butterworth London,
1974



Cnacnoo 3a BHMMaHue!
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Akeedyk Pont du Gard — caMbl BbICOKU COXPaHUBLUUNCA OPEBHEPUMCKUN aKBEOYK.
[OnuHa 275 meTpos., BbicoTa 47 MeTpoB. [NamaTHUK BcemmnpHoro
Hacnegua KOHECKO (1985).



