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What does artificial lymphoid organ mean?

Sachiko Suematsu

Laboratory of Immune Cel Regulation, National Institute of Biomedical Innovation

The adaptive immune system consists of multiple aspects of immune reaction arising from specif
ic recognition of antigens. In vertebrates, secondary lymphoid organs are provided to accomplish
the series of specialized reactions needed for defense against pathogens. The highly organized
microarchitecture of the secondary lymphoid organs enables antigen. antigen-presenting cells and
rare antigen-specific lymphocytes to interact, resulting in efficient immune response induction. It is
now well known that stromal cells play an important role in the formation of the normal organized
secondary lymphoid tissue microarchitecture.

We developed a method for construction of "artificial (secondary) lymphoid organ” introducing a
stromal cell line-embedded in collagen sponge along with activated dendritic cells under renal sub-
capsular space in mice. The artificial lymphoid organ had a basic but immunologically essential and
characteristic feature of normal secondary lymphoid organ microarchitecture. Further, antigen-spe
cific antibody formation could be induced quite effectively in the artificial organ in naive mice and
even in severe immunodeficiency (SCID) mice. Our artificial lymphoid organ construction system
is useful not only for understanding molecules and cell-cell interaction for the secondary lymphoid
organ development and efficient adaptive immune response induction, also may imply a possible

application for treatment of immune deficiency or cancer.

| [¥=7—¥] : BUsic

| BlE-TIE; SNSRI TR, SR 2 SHRRIE RS 6 HEA LT & oA R

| R oS, RERANE, MRTE | e (GG & MFTHL, MR
stromal cell, biocompatible material, B E LCHIE I ML S 2 iR e WA T
secondary lymphoid organ, | wa. 1990 EMROBNAOBIRI: L ) £
adaptive immunity, tissue engineering i O HLEE ARSI SO SR T

IR © REMERT  T5670085 AKBAFXAINIFEMS 2 X 768
S ATEGEARMOERRT T EROMRER ROeMuMNToS =2 b
TEL: 0726419811 (ft#) FAX:072641-9812 Email sachiko@nibio.go.jp

Organ Biology Vol15 No. 2008 23



HEENHERENDICEIC kST
BESILEEEEOF LuERESTETFH
L EE PR LT R 2ot m
WEMMEARML A ALY » 78R WEo
REMIITED, 25X bo—vHREEERAS
BRI THRICHARATYY ZAOWHERTFICE
M2 k2Rl LTo k) > 48l
BOEAMELMA, MIENIC L HURHE R Rk
RIS SR LIBD ALY >~k 2o L
o KIFREERO-EopINRIhETLERL
AWML VWHEEMS TR v HRORE L&
BREERED A DAL ERML B2
Lioka, o, WIEM 2 A CRAEMRAMAET
ANEFHRML RIEHNTRE 2LV THD.
ABTRONFITO R 72 BT 20
ORNEEGIEEELDOALY ¥ 388 N/
ROV THERT RV,

1. ZR) RO & ERWE

[ R Z23dildk] LB, V) >/, RUF
WL e (W, 77/ 4 F, Wik
84 VR, RN Y s ) 2T,
SR v R ) SRR L B L (IR
A7 DMTH Y FHMITHE LWL AW
HEMATVEY, BRLFMOLOETHREB
HRAWRE - R O N THET AN TH D,
BHIRHUR (HDWvIZME: follicle) pulfic
MM kIR (follicular dendritic cel FDC)
LI ANBR LR EREEIILTA Y b T
— 7 KM% R L BRI L I iEM L TH
n, HESFRNLBEROERIZMbs TywWiHo
TREVWIELEZLSATWANRIZEFOENS
Rt LXBLOC LG Tuky, £0MM,
TR gk MR, w207 YR
AZbo—vHlle (MIHNES S\ EFMR) 2
ffELTwE, A Po—vHIBRORERIZOVT
[F3; 3% o

TR o EERIHERIC X o TR 4 R R
PRALTED, FAX) AW TIZHRK, WK
LYy oic W LomuNERED 555

BREMTWASFS D HNEEBPR (high
endothelial venule: HEV) EPREhTw3',
HEVIZ/ S 4 = v, ML Y6 fFELTHY,
FA =T R (REICHE s TWwWiEvkS
1) ¥ 24R) 22 HEV #4rLTY 22348k
ICHAT 2PN Db TV,

2. ZRYZNEBORECHMSTET

1) MEFRRTIRICET B3R -/ ERD
nx

I ORI RS S BT R
Ty ANBEMEShTEY, ShonvY A%
BT oS D kY RO W
hAMIE RERECRETHLIELHLN LS
af"Y, Z ZTidtumor necrosis factor (TNF)
Zr i) —MlgFE) iRt rEA S oM
WG FRM= AEPLIZESD (K1),

TNF773)—MERF /22T 2 b= R
OHT R 2RO R AR R S h
@id, lymphotoxin « (LTa) /2272 +%
TATHLE", LTa /92T b= AlCIS
{ VALY, SHOIEALEDY) 73
ERMLMROHBMEL XS (AR Tw. &
SIZLTAZEH (LTBR) /22T 2bv2 3R
T2 AR L & BRI 3 o> JE R O B HE A
WML, 280 s \WPrEeiKMfT 5. LT
BRIZLTa 1 g 2~70 346 (A LT) O
Rl 7y —Tha, L2AILTa, LTH
61 » AR RBLTEN, -4, LTER
12 v aRAMRERIZIRFEEYY, CLAMA
DY) RO A Fo—<HRIIRASALRD
"', Alymphoplasia (aly) ZHBRER~Y Z T,
RO ZAME A T A HACH L RO R
ICLREAALNDA, TORBMIRLTARTED
¥ &+ WiE# 5 Fouclear factor-xk B (NF-x B)
inducing kinase (NIK) OMERIZLZEWVS
ZEWGhoTwEY., SheD7 7 AOMITE
BIELTARES LY T AR 2238
DOREZLHATHLZLAbN S,

SENA VIREESRT TN A~ inflammatory

2 Organ Biology Vol15 Nod 2008



Table 1

Knockout mice showing abnormal secondary lymphoid organ development (for TNF family- and
chemokine-related molecules)

' - spleen .
. spleen primary FOC |
‘ knockout mice LN PP /B area marginal follicle reitiveric |
— —————— _zone )
TNF -/- t ! O enlarged (=) (—)
TNFR-I -/- + | @) ND (=) S
b
3 TNFR-IT -/~ |+ + 0 ND t +
E 1
& Wa o | F X X (=) =) |
]
° we 4+ | = =) X x (=) (=)
5 |
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u- 1
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plt/plt | + + x i i ND |
L I iy

LN: lymph node PP: Payer's patch

+ rexist | :reduced ND: not determined (—) :absent

(—)" : most of lymph nodes were absent, if not all

O : normal tissue microarchitecture % . disturbed tissue
microarchitecture
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normal tissue transplant normal tissue transplant
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Figure 1

Tissua-engineered transplants (nght) have structure similar to secondary lymphoid organs (left). (a) LN
and transplant stained for Thy1.2 (T cells), B220 (B cell), and CD11¢c (dendritic cells). (b)
Immunostaining of iymph node (LN) and transplant tissue using mAbs for CO4 T cell and CD8 T cell
(c) LN and transplant stained for CR1 (FDC maker) and for B220. (d) LN from immunized mice and
transplant stained for BrdU (bromodeoxyuridine) and B220. Actively proliferating B celis were shown as
double positive cells for BroU and B220. (e) Spleen and transplant stained for Syndecan-1 (plasma cell
marker) and B220, (f) LN and transplant stained for PNAd (one of the HEV-specific adhesion mole
cules) and B220. (g) Spleen and transplant stained for PECAM-1 (adhesion molecule expressed on
endothelial cells of blood vessel) and B220

(Suematsu S and Watanabe T: Nature Biotech 22:1538, 2004™)
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Figure 2

Antigen-specific antibody induction by artificial lymphoid tissue. a. Experimental design and schedule
for detection of antigen-specific antibody induction. b. re-transplantation” experiment to show anti-
gen-specific 186G antibody induction in artificial lymphoid tissue. not in the spieen of the recipient SCID
mice. The result shows transplantability of artificial lymphoid tissue and its adaptive immune function

to immunodeficient mice.

(Suematsu S and Watanabe T Nature Biotech 22 1539, 2004*")
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Figure 3

Mechanism of artificial lymphoid tissue construction It Is presumable that TEL-2 stromal cell Is induced
10 express molecules attracting lymphocytes through interaction with activated dendritic cells
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