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Abstract: The lymphatic system, as well as pathological changes of the lymphatic system, underlies the
progress of an array of diseases and conditions, including cancer, inflammation and autoimmune disorders,
infectious diseases and metabolic syndrome. A variety of biological targets in the lymphatic system can be
employed to modulate these high-burden diseases, and the pharmacokinetics and drug delivery strategies in the
context of lymphatics are of critical importance to optimise drug exposure to lymphatic-related targets. As such,
research and drug development in this field has gained increasing attention in recent years. This article aims to
provide an overview of pharmaceutical research with a focus on the lymphatic system and therapeutic targets
within the lymphatics, followed by lymphatic drug delivery approaches, which may be of interest for researchers
in academia, pharmaceutical industry and regulatory sciences.
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Figure 2 The lymphatic system plays a key role in the (patho)physiology of various diseases and conditions, including infectious diseases,

multiple types of cancers, central nervous system (CNS) diseases, and inflammatory & (auto)immune disorders. Notes in red indicate typical

categories of drugs that may be used to modulate lymphatics-related disease progression



- 568 - 222224 Acta Pharmaceutica Sinica 2024, 59(3): 565-573

ARG (JUH I KM FIRNFE LD S AR AR ) K JE,
FE 2015 4FH 5, o0k 0 3 Gt 1 22 45 4 R Ty e 415
7 B bt 45 AR i S A7 AR B [ A T e B R S ik
[ &4t (glial-lymphatics B glymphatics) & 48, K ¥
B ik EE S A 5 i Bk A0 2 b DI 40 B A1 8] B A 12
KITTH0 58 5 WA, I i 5 i A ok 2 0 2% | B i Js
R IR O 55 D 2% 1R A2V, S IR P O A LR S A R
oo 2 A 0 P 2 3 R YBT3 R RV IT 300 7 E2
RSG5 XA R 40 H OB A SRR R, il
ABVER FEER 5 K AR 2 itk 2 R S5 R 2
BEL A2 B 218 2 ¥ BRI &5 i 20 08 47 MR 2 3 1) B B RRAIE 2
LT R b RO D R B S AR AR AT MR
WEITE . HATA U 2501 R (Bt 5 T ek
AR T R, B — AR R B e vk A S A - T KOS
PE, Bl Al 2 R EIRER S EIRER o 2R SN
SRR 2 A W g, SR P i R b ST S T B 1 BT A
SRIREE, A R UL R I G 1) 4 1) 225 R Y (e
GG T AR PR A3 5 K B T I 28 DA AR F T ROE
I % 25 £ R T 43 D FDA ft kb i ) 25 Xk bk 2
EWAE - IRIE VR ) . B8 MR R 8T VGEF-
C %5 A Bz A K DR 7~ ) Jo A7 3 i I 5 8 o7 Ik £ %
Az, DASCHLTE 4 (kB R e 5 =, JE g R P Ko iE
% 1 4 (aquaporin 4, AQP4) %5 X} i S 57 4H 44K % 3z i
SRBEAE FH I 7K T 2R 1 SO M ek 2 R 34,
FEM A XA FH Ko AR TE bR Th e 2 4, it 24
U 4 0 Sk S S VAR E DX P PR R A A A DG HE R,
1E BN B 7R P BRRE I8 <8 AR E « 2 R VR4 (A b s
RE 5 G P B 5 X A2 R G 25 W) I R
z 4,

23 SREREEZRZVIHEXANBESRER . KIRE
BIEFRR R BP0 B SR B A k5
S5 T 43 J& AN IR 2R 0] IR0, e 75 5 AR AR ALK itk 22
ARG A A D) RESUR, THEE W T E RR L0 DR
A/ T B2 R GE A 3 0 JORE S i AR, IR ixX e
T3 (AR TT FEBBCHT SR AT AT %o R T A = AT 1) A
T B, T R DG AR v e SR 45 B G AH
I 1) G B H I 245 47, PTAE IR B2 AR G e e A ) A
C 200 i, 53 ) oL v 22 5 P A E2 4 B b i N 25 L o)
R AT SR, R e 5w VRN R EE
% 56 S 2 F R0 A0 0K T2 R G0 A ) RN T FH 24 A
L, [ LR A i A F B 2H 2R 24 Wik B A AR S
o5, MY E RE AU SRS AR H A BE Tl JR B 2 )
SO SSRGS, 58U R R D52 2L SO0E R
W B 2 AP, T SR 28 0 il VGEF-C 55 K+
TR, SO R U W B B A 7 R AL S B

I, T BCBAERIR o A P Sh W) S8 CUE S 22 ik EL IR i
(I AE B AR 5T A 25 FE R B AT AE M AT A 1 B 2
T R A R WY B =, h S EOAE R IR R A
A TR e P 3R B e A IR G S A A B LA 3 A i
T8 B R BRCOR, 38 T OV AL B T N IR R L RE
D] 7 45 0 ik L2 R Gt E N AR A T I B 4 B 22 4% B 45
A3 o )P B A ) 7 B ) Al e AR 2R G Y v R
¥ i Al S5 B0 R 7, CAE SRR R B ORI ik
NN R R B BOAR 2R, 45 FEE MR R AR 55 0 (A
7 i ROHT K A B, e A, 8] S5 I 2 /1 BEL AT i
A LR L PRV 0 18 Y P RE AL AR T
ol A DR PR A A AP A B 2 PR L R L P
HRPE BE R A B 2R 5 e 20 S stk B A L A R
IHEIR . WM E RGN T R B INIX LR
LR =PI S IS T
24 RREFERF FIHRETHERG LT EMLE
BEANEGUREIE, 75 ARG Rk R A 1E, i
B bk T 40 7 A A 4G CD8 S5 3 Y T 4 ffd 55 AN [+
J7 I GER IR o SR, 5 22 I S il A2 0 T e it
ME ARG T %, RV B EHL, FBOR TS
PRI EVE R | G B R o S 7 AR . A IR L AR
AIE 8 SR A ) 05 0 15 VA L A AR RS S
B, B T A0 B W] B8 M T A0 R O 51 G 2 Bk
FELR et BUA U B 250 R LR 24 B0 9 2537
JEFEHAE LT T AS t 17K P, A8 el 38 5 (N 73 7
YA EAT B TR S o SRR, X DA 5 AR 2 i E2
25 A R B SE BT R 1 R AU, H S5 AT T
SR E A A& AT N & LB
) SRS R4 48 | o 22 B 2y AR AR bk ER 45 9 B0
1 2 IR S BT T 3 B3R 9 B K TP S5 B, 2
MR IT SIS o T A A B S5 (T
20 0 L ) el e s A TR B (o 7 R A e
P i F2) W2 PR S 25 W6 I I RE R, 52 i 25 W0 %)
B b L2 2R 5 A L 0 B R, T RE AR VA LR DS IR
PEBIRH AR o B, 70T 7R Tk E v i o A
BB G B 254, O G R A 1 A OR BT 3R T &
)R A SCAR 3 HE I, R 52 DU 25 5 2 e ie 1
i SR W A, A ik B 1 F T 24 1 B 16 AR G A L
AN B AR AL T, W] OF A A 2 R
3 ZHRERFHZTIEE

FEREL AR G0 A 25 W HE B I AR T ) i 2 v
2527 Bk AR T W — A JE VA (B 38 (1 ) A oy S 30
WE RGN 25k (K3)? bk T ORI B0 /s 43
ZMRR D THYR AP B Z R . EIE IS 2
WIfEOLT, 5 WA T 2510, AT AL B B



WP IR Tk R G 0 24 T L i35k AR G0 e it © 569 -

IR IR St B NG = (E =S (87 B 8= e N
B A, LY B 5 A S5 A 4 K 2 B oy T4
i 52, T 28 ik R U B AR IR (— AN T
0.2%)o X R F3T 254K, DR 6 4 L6 PRI 38 02 11
MEER mEEENRZE, RERGEZEMAYS
R AWK ST 23 N 23 A I SO N R GE G 3R
M EZ@A. AFREZON TR AR K T 2459
28R IR oA AR S TS BRI R (&2 EL ADME),
BRI R 3 T BRAE /N 03 1 20k NI 2 R G 1
BT R, 7T T 27 RS R TAE, IR T —
Se A3 R I
3.1 4EYBHYEHEADME BRE5MHL 5N
S FFAREL, LA A 2 KR AR 2459 (B
ARERZ) WK R T A RN &2
EE?%E%@M&E, HFEMERF R EZREAE (L
HAY IR R GENRERGEN), K& K0T H4HY
%/J\ FFAYEADME H I — AN R ZER . il
XF TR BT L R B = S LA AR 7 A 2R
Iy T2, WS R G 2 2 N4 2SR OO N R
GG ) F B AR . TES FEh, K F 21
JOF i AR DA RS IR SR B 45 S S s e
J AR S ARFAE, 3[R vh o B 2 A I R is AR
U R 2 Do 1 A T AR AR, TR 5 K 4 T 2P

A

S
Blood capillary

Small molecules ‘ r\?

Macromolecules *
/E% ~
\@ (W%
Lymphatic capillary ﬁ @*\ im./s.c.

/
. . L
S\ linjection:!/
#5

® ®

B Exosomes, liposomes, ®.
nanopamcles etc s
@

/
. - - /
s 5 /
: ) /
— Gut mucosa,i i |
< . /
Lymph node respiratory
mucosa, etc i/

i n, Lacteal _, ’ >
7'\( i =7
Blood caplll o
a:y\ e = —
Interstitial, G %
space ¢ oo™l O /
’ b \\' N g /7 :
Lymphatic * 77 2« TGRSR (:
capillary ¢ @ . pr )N
\ o &//a3 ;
7) \ Lymph node //" dH:ﬁhl' i
\ endaothehal
\ \ 11 Lymphatic re-distribution | venule (HEV)
R \i i via blood circulation !

VERCE . B, KRR PR 2 Y S T KR
T BRI AR b, B A T AR R RS I T R T A
PR3 BT YR, AH RN 3 IS AR VR S IR A R B AR 254,
RS 2405 51k A5 A ELAE A s, re AR
VL5 PiAk (anti-drug antibodies) [ 147 [ 5 5, J2 I 5
HME L T R PR AR R 3% 2 — 1

FRF AR E R EELINKE RS S
KT EAE BN ER . IEFERFARFKE
IR R &85 K 7 T 25 MR SORV RS 3B 1) 2 AR I 9818 5
R FF1K; Controlled Release Society, Gordon Research
Conference 5 1 4 B PR 4 23 i1 41 23 B L U I 22 TR i
AU E RS BT 2 . P LS, 4 Genentech BMS
MG VARG Y, IEH TR R FES K
G P4 Ik SIS AR PR FE BEAE D= vt R o
P (0 B R AR, JEAR 4% FF R ARSI B PKPD A RS . i
BB A I T A )R R T, 402021 4R,
Pl 22 24 s sy | VP rpe AT T BT R A 2P R
BN 1 R TR T IR WD AR 250 R Im R 24
3N J1 A FRBARTE T W (A7), TR T 259
2R AR A& AT 4 2 5 AT e Uk B R Sl
F A BRA R RV I T 2R 4 24 ) MR AL ) L LA (2022
F 3 [H FDA & A1 If] #& 4 Guidance for Industry: Drug

Products, Including Biological Products, that Contain

Gut lumen

/ Lipids(TG,etc)

\

Mﬂdoplﬂsmic
reticulum Enterocyte

“ ipoprotein
Blood capillary
’

| fom T — A
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Figure 4 Chemical structure of three lipophilic compounds that
are lymphatically transported following oral administration:

WAY252,623, CP532,623 and SEW2871
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