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Figure 1 Lymphocyte recirculation via blood and lymphatic
vessels. Lymphocytes in the blood circulation enter secondary
lymphoid tissues, such as lymph nodes (LNs) and Peyer’s
patches (PPs), through HEVs and subsequently return to the
blood via lymphatics.
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Figure 2 Multiple adhesion cascades in lymphocyte-HEV
interaction. In peripheral LN HEVs, lymphocytes initiate roll-
ing via L-selectin/PNAd interactions. Subsequently, lympho-
cyte adhesion is triggered by chemokines expressed on the lu-
minal surface of HEVs. These lymphocytes firmly adhere to
HEVs mainly via LFA-1/ICAM-1, 2 interactions. Detailed
mechanisms underlying the transmigration process remain un-
clear.
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Figure 3 L-selectin ligands expressed by LN HEVs. Lymph
node (LN) HEVs express multiple sialomucins, including
GlyCAM-1, CD34, podocalyxin, endomucin and nepmucin.
They are heavily modified with O-linked glycans that are reac-
tive with L-selectin.
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Figure 4 Roles of SIP signals in lymphocyte
egress from lymph nodes. Lymphocytes in the
blood, which has abundant S1P, express little
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Inhibition of
S1P, by CD69

surface S1P1. After migration into a lymphoid
organ, where S1P concentration is no longer suf-
ficient to cause receptor downregulation, the lym-
phocytes re-express surface S1P1 to become fully
competent to egress from lymphoid organs. By
down-regulating surface S1P1, S1P:1 agonists,
such as FTY720, blocks the egress process. S1P:
agonists also act on lymph node stromal cells to
close “stromal gates” and suppress lymphocyte
egress. IFN o / 8 can induce CD69, which nega-
tively regulates functions of S1P1.

HGLTIEHERET2REA T+ Z— 5 =T i
WB L) N OSIPIEEEE ISR STV D
A5, 0 YSEIN TR 2 5 IR R O ) & TIRIRE
275 2 EATRENTVEY,, ZOSIPHEE G & —ik
LT, MEHho) Y85k TIiEY # oy FIEAICE D S1P
ZFR I Zdownregulate S LTV 525, V) YNNI REER
DY YSERIFISIPZERE HIEI L, SIPERAEMIZY ~
ISEIFANEN S 2 E LEETFLARERTNSY,
DX RSIPIZ X B v SERlEH ORI, 5o
HIFTY 7200 ¥ 3L BS2 19 20 FRAT 10 & 56 L T 520,
FTY720IZ AR TR 92 AL E N TSIPZ B <
ATEDSIPL YTy —IHETHT T A MIEHRS
M, SIPZARFRCSIP) ORFEFHOHHZ @B L TY ~
INERE Y S OSETR A TOVARIAERE S & T EH &
RIS A EEZ SN TWAO(Fig. 4) .

BIE, SIPIZX 2R Vsl o o) v 3wk
HOHIEEERE I C OV T - AR S S Tw b,
Pappu 5 |ISIPREA | F B 22 f) & % 48 9 3 (sphingosine
kinase-1; Sphk1 3 X UF sphingosine kinase-2; Sphk2) &
ETUESY TR ZOFHF X T~ T X% W72
ATV, MAEFOSIPIX T & L CRBHEMIE, i
ARIMERICHR S 2 DI LT, V) ¥/ DSIPOEE
AT BRI O A b 1 < HIBg AT 22 7 15 % 1
LaZExBLMIILAY, 612, BT XRE~Y
AD) ¥ oSERENE A AN RN L, ARMERESEOSIP
HTEIERIRR B & WK S D V) > /X ERDMLE P~ D it

153



V) oNE L IME IS X B RITBBYRERIE 2 O A7 e

HZEET 505 Y 28Ein S DY) /BRI FRE A
TERWI ERD, ) YNER L) Y XEAND )
> SERE I ISR BRRPTE D X b a <A I E A D
i %2 5SIPHPEETH L LWL NI LTW
%W, F7PhamHEZ DL ) BSIPIEANT ST 7))V
X, CCR77: L2 X %) U8Bk D ) ¥ 73Hi~\Dretention
TP VICHERIICE  C & TY oNERE 2 AT
LI EaERLTWAEY,

—J, WeibIZSIPUIHFRN G T T = A b
(SEW2871) & VT, Ha ) v/ SEifiEIC 81T 5 THINE
BEEOFEM 72 fRAT A ATV, SIPIT T= A M) &N
BiZ oA Fa<#fifg sy 7 %[ LTl > o8s5koik
PTHETHET N ERHIL TS (Fig. 4), ¥
72, Shiow H (IIEIEE D@L T ¥ 3HiNH D) ¥ 8
Rt H A — A (2 shut down S B Z &, IEN-a /B Y
Z Dshut down % 5  FHET 5 Z & B L UCDE9 D #F 5
B TR O MR 2 5 2 & 2 EICEH L
THEHT % D, CDE9ATSIP & HAREH L, SIP1D
BREA BICHI T 5 2 & 2R L T 52 (Fig.4), AHE
WEHARESIP L ZOZHMARIC L 5 2R ¥ 3l o
DY) v oSERO BRI RERIE OF LW & LT
FHENTBY, 4B 8L ICHMLBTAEEN5,

o INEENT DY D INERO KGR D S
2 INEINDENE

MBAEBR IR o 72 E ) > 3Bkl b u ¥ X403
FER AR O AL PRz AR & Bt )~/ SEROA H.
ERICE o THESIN DY, FlZ21E, skin-tropicZ: THI
FLIHFE O BRI B4 % 521 ) 72PSGL-1 2 1Z Lo & §
LEEREMRE-, P-E L2 F YU H Y FEERBL, K
J§ JARERAL O ML R & AR 3 2, St
LT, gut-tropicZ THlifg | Tintegrin a 4 B 7 % 5t < 383
LTHYH, MAICAM-1 & O EVEH % U TigLeE
MR & BRI EAER T %50 2N OIS
T2 T, FEERHEE CERYICERT 57 €
A Y OBAEY v EROMBEF RN 4 B B IS EE 1% E
A BEAETHII S RS SR L 72, TRER
T VIR 72O KRk BN, A v NE R
RCHUPRY VNG A S, L, Uy NExa
¥ B BRI oW TIE, AB % EDS W,

Debes 5131 ¥ /¥ & T ATHIEIE 12 B 5 7 €
HA YT T FIVDEENOWTIHN 2D, TS

154

FAY MR 2 BN A Y S AT Y v/ SE ISR
HIBRBICCCRTZ T 5 7 FVHAEETH DL L %R
LT3 (Fig. 5), kb3~ AR TS L7
CD4'THIRLDOFTIE V) > /3~ B B3 H H RS
T ) CCR7KIE A € 1) —CD4THI 1L B A4: 7 2 €
) —THIICHART, KEPSHWAY Y NEEEH L
TAUE ) Y OHINOB RS L TwD e 2w
L7ze E72, IAY Y/ ¥ENOTHINED S { H3CCRT %
ZHL Tz,

—7J, Ledgerwood5 (X, SIP\% /55 7 FIVH%1)
YOSEROKAGHMENDOER 2 EHE L, WA o E
WF 50 REIADY) CSERBIBERICHIET A2 &
AL HIT LT 5% (Fig.5). M5 1%, EHEB L U
PR He G- L 720) 2 28ERD ) 7 SEI~ DO RBAERE R % 1%
HrL, SIPZAS 5 7 FIVHKMEHREANDY >3k
R EREL, ) X BROAY) Y E RN T H)
NEHNOBEZIGIT5Z L ZHE 2L, F
72, WAL Y SERIED D THRFA =T YRERkD
R HIHZ 25 2 &, 1) SN %
TG &0 s, ) voRERE D) oENEMLO
HHEEHICIE, HEVEZ AT 5 ) YSEROMEER & 1E
BLVL-vL I F L eZD)H Y FIIRETH L7,
LFA-1-ICAM-13 X I'VLA-4-VCAM- 1 #Z A3 05 (2 E %
LBl AR T IEAERLTNEY, THOHA
1, WA YSEERANT B YSBROB ESMERE
W95 OSBRI R L FRICEE ST r T4 0B
FORE AT 4 =% — 12X YRR ICHIE S b 2
LERLTWA,

AU NEENT SHERTHERO
B8 & T ORIE

BRRPUE % 2034 2 ) o /SERO AR EhAE 1290 2.
T, PUESRICEID 2 BRRAIIL 025 8) b B I S A
IZEND2D0H 5, RO T 5 KA
PRI L TRAE IR0 5 &, PURIRICER 2
BRI & & B ICCCRT DEEB 2 H5m L, CCRT U A
YRTEAA MAAMIEA) Y NEERETHRY
INEINBE)T 5 2 EARENT VDY,

Johnson & 1F SHERIUIE L 72 HURFERAIE D )
INEINOB B AT L, b b 2NN
TNF7: EDOHRJEW A b A VRIS X D ICAM-1,
VCAM-1, E-t L2 F U BIXUOHBEDTrEh A v 25

HREFS Vol. 48 2008



Hr fez

lymphocyte  CCR?

Button-like
junctions

Initial lymphatics

BTy ABETNORIERBICDET 5
CD1ICHHBOPE 1) > /SHi D IZICAM-1 B & OF
VCAM-1 D EEREEEZRI-TILERL TV
(Fig.5)0 20 &9 yUiferMiz o8 2 Hi#H-$ 5 )
VN ORETE R 7 I IIA 7 A%\ Baluk S (3
BEHEL 720 v NS RSN M IC A S
Baife L 72 & LT o«Y v 28 —"Fkjunctionf i
EIRL Y, AR RR S 2 junction B iE AR S
LB ERMEL TV (Fig.5), A% Ejunctionld,
¥ v 7¥—KEjunction & [E4% 2 VE-cadherin, occuludin,
claudin-5, ZO-1, JAM-1 % & OMIfaHEE DT % & &,
WHEDOHRERICHSL D ENIRWZ I Tk
W, L2°L, BalukbIZXUE, DK% »Ekjunction
XEA Y 2 E DY E AL S IR A 12 454 L I ERED
HAFEEL L TCIOEBICAGNLZ LR ENS, U~
7NE N BRI 72 R & 2 BRjunction YY) ¥ V& &
Ao§ B HMLERED B AR 12 B 53 % ol REME AT /R &
N5 (Fig. 5)

YIS

MEREY Y ERO ZOORRE R IZEMAE L~
T ORIERDOEE ORI AT K 7 R L
DA E LTHBEL TWD, ZRFRORERIC
ZEE DS EM B BB R L, SR LAl
DFAF Iy s B BHIHZE U CRIEEN R REIL
BaHZTVD, RIEOMFHTIEL, Bk L7z5hiEi

HWREFF Vol. 48 2008

Collecting lymphatics

Zipper-like
junctions

Figure 5 Recruitment of lymphocytes and
DCs via lymphatics. Discontinuous “button-
like” junctions and continuous “zipper-like”
junctions are mainly distributed in endothelium
of initial lymphatics and collecting lymphatics,
respectively. Lymphocytes and CD11c* DCs ad-
here to endothelium of lymphatics utilizing
ICAM-1 and VCAM-1-mediated adhesion path-
ways. CCR7-dependent signals promote lym-
phocyte entry into the afferent lymphatics,
whereas S1Pi-dependent signals cause tissue re-
tention.
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Homeostasis of the immune system is maintained by the highly regulated trafficking of immune-competent cells
through blood and lymphatic vessels. Lymphocyte entry into lymph nodes occurs via high endothelial venules and re-
quires the concerted action of selectins, chemokines, and integrins. In contrast to the established multistep adhesion
cascade of cell entry into tissues from blood vessels, molecular rules that control cell trafficking through lymphatic
vessels are still poorly understood. Recent studies, however, show that the cell trafficking via lymphatic vessels is also
actively regulated by various cell adhesion molecules, chemokines, and lipid mediators. In this review, I briefly summa-
rize the current understanding of immune cell trafficking in vivo and compare it with those regulated by the blood and
lymphatic vessels. (J Jpn Coll Angiol, 2008, 48: 151-157)
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