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Intranasally Induced Immunological Tolerance Is Determined
by Characteristics of the Draining Lymph Nodes: Studies with
OVA and Human Cartilage gp-39

Danielle A. W. Wolvers** Christina J. J. Coenen-de Roo! Reina E. Mebius,*
Maarten J. F. van der Cammen,* Felicia Tirion,* André M. M. Miltenburg ', and Georg Kraal®*

Mucosal tolerance is a naturally occurring immunological phenomenon that prevents harmful inflammatory responses to ingested
or inhaled environmental, predominantly nondangerous, Ags. The nasal mucosa is an extremely efficient compartment in the
induction of immunological tolerance which can be exploited in Ag-specific treatment of autoimmune disease. With the use of a
model Ag (OVA) and an Ag implicated in the autoimmune disease rheumatoid arthritis (human cartilage gp-39), we here show
in a mouse model that the superficial cervical and internal jugular lymph nodes that drain the nasal mucosa are instrumental in
the induction of tolerance. Removal of these lymph nodes abrogates tolerance induction, which can be restored by transplantation
of superficial cervical lymph nodes, but not of peripheral lymph nodes. The results indicate that lymph nodes that directly drain
the nasal mucosa constitute a unique microenvironment which favors the induction of immunological tolerance The Journal of
Immunology, 1999, 162: 1994-1998.
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ucosal tolerance is a naturally occurring immunolog- However, it remains unclear whether the cervical lymph nodes arg
ical phenomenon that prevents harmful inflammatory crucial for intranasal tolerance induction because application of
responses to nondangerous proteins such as food conproteins in the nasal cavity may lead to direct absorption in the-i
ponents. Understanding the mechanisms that lead to mucosal tddood and systemic spread (13).
erance might provide ways to treat allergies and autoimmune dis- Here, we investigate in detail the involvement of the cervical:
eases such as rheumatoid arthritis (RAYlucosal sites that are lymph nodes in the induction of tolerance assayed by DTH byg:
suitable for tolerance induction are both the gastro-intestinal tractemoval of the nodes and retransplantation of either nose-draining
(1, 2) and the airway system (3-6). Tolerance can involve clonabr peripheral lymph nodes to the sites of the original lymph nodesg
deletion, clonal anergy, and active T cell-mediated suppression (7)lwo experimental systems were used: 1) the model Ag OVA in &
When tolerance is induced via the intranasal route, active suppresetting in which a read out was performed in the auricle of the edf
sion is involved as demonstrated by adoptive transfer of splenoand 2) the Ag human cartilage gp-39 (HC gp-39), a candidat&
cytes (8). It was demonstrated that nasal tolerance leads to efficieatitoantigen in RA (14), in a set up in which a DTH response was
down-regulation of both DTH, provoking Th1l cells, and IgE, sup- monitored in the footpad. It was consistently demonstrated that th@
porting Th2 cells (9, 10). However, the sites and conditions forinduction of immunological tolerance is fully dependent on theS
the generation of active suppressor populations via the nose apgesence of only those lymph nodes that are originally localized irg
unclear. the nose-draining region. 8
It has been shown that Ag delivered via the nasal mucosa leads
to activation in the cervical lymph nodes in the neck region andMaterials and Methods
spleen, as can be inferred from the production of cytokines such adlice
IL-3, granulocyte-macrophage CSF, IL-2, and IFNA these or-  gjy_ g eight-week-old female BALB/c mice were obtained from the Neth-
gans shortly upon Ag delivery in the nose (11). Moreover, aerosokrlands Cancer Institute (Amsterdam) (experiments with OVA) or from
tolerance in rats can be transferred to naive recipients with cell§harles River (Sulzfeld, Germany) (experiments with HC gp-39) and kept
obtained from lymph nodes draining the respiratory tract (12).under standard laboratory conditions.

Ag trafficking after intranasal administration

*Department of Cell Biology and Immunology, Faculty of Medicine, Vrije Univer- Fifty micrograms of tetramethyl rhodamine isothiocyanate (TRITC) dis-
siteit, Amsterdam, The Netherlands; al&ction Immunology, Department of Phar-  go1ved in 10ul 1% DMSO/PBS or 10Qug FITC in 10l PBS was applied

macology, NV Organon, Oss, The Netherlands intranasally with the aid of a micropipette. After 24 h, mice were killed and
Received for publication April 29, 1998. Accepted for publication November3, 1998. the superficial cervical, facial, internal jugular (Fig. 1), parathymic lymph

The costs of publication of this article were defrayed in part by the payment of pagd0des, and spleens were removed and frozen in liquid nitrogen. Seven-
charges. This article must therefore be hereby maedrtisemenin accordance ~ Micrometer cryosections were analyzed under a fluorescence microscope

T20Z ‘0C =q

with 18 U.S.C. Section 1734 solely to indicate this fact. (TRITC-tr_eated mice)._ Lymp_h no_de_ and spleen cell suspe_nsions (FITC-
1 Current address: Department of Pathology, McMasters University, Hamilton, On—treated mice) were stained with blqtlnylated MS/ll‘.‘ (rat anti-mouse MHC
tario, Canada. class II; Ref. 15) and streptavidin-phycoerythrin (Jackson Immuno

Rlesearch, West Grove, PA). Numbers of double positive cells were

2 Address correspondence and reprint requests to Dr. Georg Kraal, Department of deetermined by FACS analysis (FACScan; Becton Dickinson, Mountain
Biology and Immunology Faculty of Medicine, Vrije Universiteit, Van der Boechorst- yiew Ca) y Yy ’ !

straat 7, 1081 BT Amsterdam, The Netherlands. E-mail address: g.kraal.cel

@med.vu.ni Surgical removal of nose-draining lymph nodes

2 Abbreviations used in this paper: RA, rheumatoid arthritis; TRITC, tetramethyl . . . .
rhodamine isothiocyanate; MAJCAM, mucosal addressin cell adhesion molecule-1Mice were anesthesized with 10 ml/kg body weight fentanyl/fluanison
DHEA, dehydroepiandrosterone; HC gp-39, human cartilage gp-39. (Hypnorm)/midazolam (Dormicum, Janssen and Cilag, Saunderton, U.K.)

Copyright © 1999 by The American Association of Immunologists 0022-1767/99/$02.00
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Table I. Detection of Ag—bearing cells in cervical lymph nodes and
spleen, 24 h after application of FITC intranasally

Total Number of FITG-/MHC I+ Cells
(X10°)

Expt. 1 Expt. 2 Expt. 3

Superficial cervical lymph node

Internal jugular lymph node 1.46 0.86 1.50

. Superficial cervical lymph node  2.00 5.12 2.36

Facial lymph node Facial lymph node 0.18 0.45 0.29
Spleen 9.60 12.3 15.6

jugular lymph node
Internal jug ymp 2 FITC was applied intranasally and after 24 h, spleen, internal jugular, superficial

cervical, and facial lymph odes were collected. Cell suspensions were prepared and
pooled from three mice, X 10° cells were stained for MHC class Il expression and

. . . 50,000 events were counted by FACS. Numbers represent the absolute number of
FIGURE 1. Lymph nodes of the head-neck region (modified from Til- positive cells in the total organ suspension per mouse from three different experi-

ney; Ref. 23). ments.

in sterile water in a 1:1:2 (Hypnorm:Dormicum:water) ratio. A small in-
cision was made in the skin overlying the mandibular glands. With the aidcosa. After 2—24 h, the dissemination of the fluorescent dyes was

of a surgery microscope, the superficial cervical and/or facial and/or imer'examined by fluorescence microscopy of the various lymph nod
nal jugular lymph nodes were removed and the incision was closed with

four to five stitches. At the end of each experiment, the mice were kiIIedOf the head'nec_k region (Fig.. 1) and Qf_ the spleen. Fluoresce_n%-
and each mouse was examined carefully for regenerated lymph nodes wras found localized in cells with dendritic morphology present ing
nodes possibly left behind. the subcapsular sinus of the lymph nodes 2—4 h after applicatior®
Over time, these cells localized in the paracortical, T cell-depeng
dent areas of the lymph nodes. When the various lymph nod
5 lteal. inauinal brachial. and axilary vmph nod were compared, substantial numbers of fluorescent cells werg
onor popliteal, inguinal, brachial, and axillary lymph nodes were asep- - - - . . =
tically collected from naive mice and kept in sterile RPMI 1640 on ice. found in both the superficial cervical and Internal J”gu'ar lymph
Recipients were anesthesized with Hypnorm/Dormicum as describedodes. Only very few cells could be detected in sections of othe
above. All cervical nodes were surgically removed. At the internal jugularlymph nodes, draining the head-neck region such as parathymig;:

lymph node sites, a peripheral or a superficial cervical lymph node Wasnediastinal, and facial lymph nodes. In the spleen, very few p053
placed, one on each side of the trachea. Three weeks after transplanticm\/ I b d in ti . d h BB
intranasal OVA or HC gp-39 administration followed by a DTH-inducing 'tV€ Cells were observed in tissue sections (data not shown). B

. . . . ._ O
protocol was performed as described below. After the experiment, all micd"ACS analysis of organ suspensions, these differences in localizg:
received rhodamin intranasally to check the presence of afferent lymphaticton could be confirmed and quantified (Table I). In the superficialg

and in each mouse, the macroscopic appearance and microscopic COMRQsrical nodes about 10 times more cells localized than in th&
sition of the transplanted lymph nodes was determined. For the latter, im-

munohistochemistry was performed using the mAbs MECA 367 (rat antifacial lymph nodes. Substantial numbers of cells could also b
mouse-MAdCAM; Ref. 16), MECA 79 (rat anti mouse L-selectin ligand found in the internal jugular nodes. Strikingly, the absolute numbeth
Ref. 17), 145-2C11 (hamster anti mouse-CD3; Ref. 18), and 6B2 (rat antjf Ag-bearing cells was highest in the spleen (Table ). =
mouse-B cell; Ref. 19). It was furthermore demonstrated that all cells bearing fluoresg
Induction of tolerance and DTH cent dye expressed high levels of MHC class II. Their localizationS-

Experiments with OVA. Mice received 10Qug OVA/10 ul PBS intrana- in T cell-dependent areas together with their morphology sugges

sally with the aid of a micropipette. This was repeated on 3 consecutivdhat these cells belong to the population of dendritic APCs.
days. Control mice received PBS intranasally. The next day after the last

intranasal treatment, mice were injected with 3109 OVA/25 ul PBS/25

wl IFA in the tail base. Five days later, a challenge was given by injectingSurgica| removal of nose-draining lymph nodes prevents the
10 ng OVA/20 ul PBS in the auricle of both ears, after determining the . . .
initial thickness of the ear with an engineer’'s micrometer (Mititoyo, Tokyo, induction of intranasal tolerance

Japan). The increase in ear thickness was measured 24 and 48 h later. T study the significance of the draining lymph nodes in tolerance

Experiments with HC gp-39.Mice received 30ug of HC gp-39/10pul . . - .
saline on days 15, 10, and 5 before immunization. Intranasal applicatioﬁnducnon' all or combinations of the nose-draining lymph nodes

was performed under light isoflurane anesthesia with the use of a HamiltoWere surgically removed. One week after removal of the lymph
m‘icrosyringe adapted to a PT45 microconduit. A_nimals were immunizednodes, intranasal tolerance induction was performed by insertion
with 50 ug of HC gp-39/5Qul PBS/50ul IFA at two sites on the upper part (?f OVA into the nose. As shown in Fig. 2, removal of the three

of the chest region on day 0, and challenged on day 7 in the left footpa . .
with a 50 ul volume of 1 mg/ml HC gp-39 in 1 mg/ml alum; the right types of lymph nodes completely prevented the induction of tol-

footpad was injected with 50l of vehiculum and served as a control. The erance; the development and kinetics of the DTH response in the
DTH response was monitored 24 h later. A mean percentage-specific pagperated mice were completely parallel to that in sham-operated

swelling was determined by measuring the increase in footpad thickness . . . . . _—
the left hind footpad compared with the right hind footpad (swelling Ieft(gomml mice. Removing both superficial cervical and internal jug

(mm) — swelling right (mm)/swelling right (mm)< 100%), using an in-  ular nodes, but leaving the facial lymph nodes in their place, pre-

Transplantation of peripheral lymph nodes to the site of the
paratracheal nodes

T20Z ‘0

house designed micrometer. vented tolerance induction (Fig. 3). However, by leaving either the
superficial cervical lymph nodes or the internal jugular lymph
Results nodes intact, and removing the other nodes, tolerance induction
Intranasally administered Ags localize in both cervical lymph  ¢oyid still be established (Fig. 3). In concordance with the highest
nodes and spleen localization of Ag in these nodes, it was demonstrated that the

To study the trafficking of Ag after intranasal administration, the superficial cervical and internal jugular lymph nodes are crucial for
fluorescent dyes FITC or TRITC were applied onto the nasal mutolerance induction.
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1996 ROLE OF DRAINING LYMPH NODES IN INTRANASAL TOLERANCE
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- 24 48 72 96 FIGURE 4. A peripheral lymph node at a nose- draining site is not able

to effectuate intranasal tolerance: studies with OVA. Mice were either

hours after challenge sham-operated (lane b) or operated to remove nose-draining lymph nodes

FIGURE 2. Surgical removal of three types of cervical lymph nodes (lanes c—e) after which either superficial cervical lymph nodese(d) or

prevents the induction of intranasal tolerance. Mice were either sham-op[-).(te rlpzftral ?!ymkph nodesdn(i €) thr_e ttransplﬁnte(_ithtopg |nterna|oj\ljiular
erated (filled dots) or operated to remove cervical lymph nodes (l‘iIIedSI €. Aller 3 Wi, mice were treated intranasafly wi € a) or
squares). After 1 wk, mice were treated intranasally with PBS (open dotsﬁlanes _b—e) follqw ed by 6_‘ DTH-inducing prot_ocol._ Each bar represents the
or OVA (filled dots, filled squares), followed by a DTH-provoking proto- eTln mcre;sse In ear éhl(_:k_nes_,ss(g four tof‘s[x |mm§D’ I?t}CNaﬂer .ea;]r S
col. Increase in ear thickness was measured 24-96 h after ear challen &a enge. » NOse draining, ' super.lu_a cervical, » peripheral
Each point represents the mean increase in ear thickness of 52 ymph node. , Prgsence of lymph nodes; S|_gn|'f|.cant d!fference W!th
*, Significant difference between sham-operated, intranasally OVA-treate{Janes a-c, ar:jda (W,'tts att Ileastp<<é)3)01:z, **, significant difference with
mice and both other groups (with at le@st< 0.002). anes a,c, ande (with at leastp -001).
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Transplantation of peripheral lymph nodes to mucosal sites  after the operation, the animals were tested for their capacity t&
cannot restore the capacity to induce intranasal tolerance become tolerant after application of OVA in the nose. Only those=
Removal of the superficial and internal jugular lymph nodes, butmice that had received the superficial cervical lymph nodes, b
not of the facial lymph nodes, led to impairment of tolerance in-not mice which had peripheral axillary nodes transplanted, showeg
duction. This could be related to the fact that the latter showed onlypuppression of ear swelling in the DTH assay (Fig. 4). Immediatelys
limited drainage of the nasal mucosa. Therefore, we addressed ti@dter the DTH measurement, animals received TRITC in the nosg
question of whether exchange of these nose-draining lymph nodd§ control for efficient drainage from the nose. In all animals, fully _3
with any nonmucosa-associated lymph nodes would be sufficieftinctional transplanted lymph nodes were found as inferred frong
to sustain tolerance induction, or whether the cervical lymph node$he presence of TRITC-positive cells (Fig. 5) and normal localiza-
were unique in that respect. Thereto, the superficial cervical, théion of T and B cells as determined by immunohistochemistry=
internal jugular nodes, and the facial lymph nodes were removeddata not shown).

and the peripheral lymph nodes were transplanted at the site of the To confirm these data and to establish the potential relevance
internal jugular lymph nodes. Internal control served animals thafiose-draining lymph nodes in the induction of immunological tol- 2
had their lymph nodes removed and in which the internal jugularerance in a setting related to autoimmunity, a second experime
nodes were exchanged with the superficial cervical lymph nodesvas performed with HC gp-39, a candidate autoantigen in RAZ
As established previously, restoration of afferent lymphatics andvioreover, this time the immunological challenge was performe
blood supply was accomplished within 1 wk (20). Three weeks .

0Ssenb Aq B

0

Tc0C

intranasal| lymph node Increase in ear thickness (x10'2mm)

treatment

F |l ]|SC 20

0
b|] OVA | + +
c| OVA | - --
dl OvVA | - +
e| OVA | + -
flova | - | -

FIGURE 3. Both superficial cervical and internal jugular lymph nodes
can effectuate intranasal tolerance. Mice were either sham-operated (lanef
b) or operated to remove internal jugular and facial lymph notie®(c),
superficial cervical and facial lymph nodéar(e d, superficial cervical and - = :

internal jugular lymph nodedane e), or all lymph nodedane f). After 1 FIGURE 5. Afferent lymphatics in transplanted lymph nodes are suffi-
wk, mice were intranasally treated with PB@r(e a) or OVA (anes b—f) ciently restored to allow Ag-bearing cells to enter. Mice that had superficial
followed by a DTH-inducing protocol. Each bar represents the mean in-cervical (ane A) or peripheral lymph nodetafe B) transplanted at the
crease in ear thickness of four to five miteSD, 24 h after ear challenge. internal jugular site were treated with TRITC intranasally. Twenty-four
SC, superficial cervical; 13, internal jugular; F, facial, Presence of lymph  hours later, the transplanted lymph nodes were removed and analyzed un-
node;*, significant difference fromlgne a) (with at leasp < 0.001). der a fluorescence microscope0 objective).
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- mean % antigen specific response set of lymph nodes is sufficient. In fact, in the onset of our series
mranasel |y Loente after challenge of lymph node removal experiments, occasionally an animal be-
nodes | I | PLN ¥ * came tolerant in spite of assumed complete removal of the lymph
a| none + - - nodes. Upon inspection, these animals always showed incomplete
removal, demonstrating that a single lymph node of either super-
b|HCgp39| + | - J" Fkk ficial cervical or internal jugular type was nevertheless sufficient to
¢ |Hcgpso | -~ | - - induce tolerance.
3 [ hoae | - R ~ .__| ek _ Whe_n lymph nodes are transplanted.from one site t_o another, the
disruption of blood supply and lymphatics causes major changes in
e|HCgp39 | - | - * the organization of the lymph node that are re-established as soon

as the lymphatics and blood vessels grow in. This occurs within 7
FIGURE 6. A peripheral lymph node at a nose-draining site is not able days (20). The majority of hematological cells, macrophages, den-
to effectuate intranasal tolerance: studies with HC gp-39, a candidate awritic cells, and lymphocytes will be replaced after this time, in-
toantigen in RA. Mice were sham-operatéahe b) or operated to remove  dijcating that the intrinsic properties of the lymph node, as found in
all nose-draining lymph nodes (lanes c—e) after which either internal juggyr tolerance experiments, must predominantly reside in stromal
ular lymph nodeslgne d) or popliteal lymph nodesafie €) were trans-  glaments such as reticular cells, extracellular matrix components,

planted to the internal jugular site. After 3 wk, mice were intranasally =4 ool calls leading to specific immigration of cells from
treated with HC gp-39lénes b—e) or not tolerizedape a) followed by We blood

immunization and DTH by footpad challenge. Each bar represents a meal . | h d th | inducti ia th
percentage increase of footpad swelling as compared with the vehicle chal- Previously, we showed that tolerance induction via the nose

lenged footpad: SD, 24 h after challenge. ND, nose draining; 13, internal INvolves active T cell-mediated suppression (9, 10). Hereto effis
jugular; PLN, popliteal lymph nodet, Presence of lymph nodes;, ab-  Cient Ag presentation has to take place by APCs that enter thé
sence of lymph node (s, significant difference withianes a,c, ande lymph nodes via afferent lymphatics. No differences between log
(with at leastp < 0.005). calization of Ag-bearing cells in the paracortical areas of trans&

planted mucosal or peripheral lymph nodes were found (data nct

in the footoad. avoiding potential influences of manioulation er_shown). Therefore, differences in Ag presentation must also lie a8
! pad, avoiding p atinfiu Ipuiation per-y, o avel of the lymph node microenvironment, which may influ- &

fgrsn:ricrj\énlg?rzhr?az(it?oencgi%&n:pseii;i?: Ssv%;fiig)rgﬁ;ys ?nv(;/lljceezrlliir_(énce t_he regula_ti_on and expres_s_ion o_f accessory molecules on t_%

- . . ' . . incoming dendritic cells. In addition, differences at the level of the
animals immunized and challenged with HC gp-39. Animals .thatimmigrating T cells may also be important. In this respect, it is:
were sham-operated, leaving the nose-draining lymph nodes Intal?rtneresting to note that the mucosal superficial cervical and thé:
before the induction of tolerance, did not respond in the DTH.

L . internal jugular lymph nodes draining the nasal mucosa express t@
assay, mice were fully tolerant.to the HC gp-39 protein. Removalmucosal addressin MAACAM-1 on their high endothelial venules.a
of the superficial cervical and internal jugular lymph nodes abol- =

) L . . This adhesion molecule is absent in the facial lymph nodes and i
ished tolerance, confirming the role of nose-draining nodes in tol- ymp 3

. . ) . . . the transplanted peripheral lymph nodes. After transplantation 6&
erance induction. In mice with a jugular but not a popliteal trans- P penp ymp P

. . (o}
plant, the capacity to induce tolerance was restored (Fig. 6). AgairPerlpheral lymph node, MAJCAM-1 expression was never foundz

. . ._on high endothelial venules, but it was readily expressed on th
after measurement of the DTH response, mice were visually in; 9 Y exp

- transplanted superficial cervical nodes (Fig. 7). This is in accor
spected for vascularization of the transplanted lymph node ané P P (Fig. 7) o

restoration of draining lvmph vessels. Data from two animals were ance with our previous findings in which we established that the>
: ining flymph v ) W ' W Expression of addressins on high endothelial venules is determin

eﬁgll:gedn; n ct>rr11 eranr:rirrhal Ithe;:ansr)l?n(;eldgn;pg r:defr V\r/1as llnrf_:cvtve erinatally and cannot be changed after ectopic transplantation &
a one omher animal a macerated-lymph node ftranspia ?/mph nodes in adult life (20). These findings imply that differ- x
found, probably the result of nonvascularization. N

) . . . nces in lymphocyte homing behavior and subsequent compositidR
Collectively, the above presented data point to unique functlona1e ymphocy 9 9 P

. . . of lymphocyte population can exist between lymph nodes that ma@
erq:r:igt?r::jsggtsio%f nose-draining lymph nodes in the process of toIl]nderlie the observed divergence in tolerance induction. =

In addition to differential recruitment of lymphocytes, differ-
. . ences in macrophage function between peripheral and mucosal
Discussion lymph nodes have been demonstrated. Macrophages in mucosal
Intranasal administration of Ag has been put forward as an effeclymph nodes have a significantly lower activity of the enzyme that
tive means to induce Ag-specific immunological tolerance. In caseonverts the prohormone dehydroepiandrosterone-(DHEA-) sul-
of autoimmune diseases, this natural and powerful mechanism cdate into the active form DHEA (21). DHEA has immunomodu-
be exploited therapeutically. Insight into the precise mechanismatory activities (22) that might consequently result in differences
involved in tolerance induction via the nasal mucosa may be inin the microenviroment of lymph nodes. Preliminary experiments
strumental in the further optimization of this process. In this study,in which macrophages were depleted from the nose-draining
we have used the model Ag OVA and a candidate autoantigen ifymph nodes by toxic liposomes did not show an effect of macro-
RA, HC gp-39 (14), to study the role of nose-draining lymph nodesphages in tolerance induction. It must be noted that using this
in the induction of immunological tolerance. method, macrophages residing in the paracortex are not depleted.

We have demonstrated that in mice, independent of the Ag an€onsidering their strategic position in the paracortical area in
the site of immunological challenge with such Ag, induction of which T cells and dendritic cells interact, these cells could play an
tolerance via the nasal mucosa is strictly dependent on the pregmportant role.
ence of the superficial cervical or internal jugular lymph nodes. As seen in the localization studies, substantial numbers of Ag-
Moreover, these lymph nodes contain crucial intrinsic characterbearing cells localize in the spleen after the application of Ag in
istics, because replacement of these lymph nodes with nodes frothe nose. It is not clear whether this leads to any substantial anti-
peripheral sites does not lead to tolerance induction. The efficiencgenic stimulation of T cells in the spleen. Removal of the nose-
of tolerance induction can be concluded from the fact that only onealraining lymph nodes did not lead to enhanced localization of
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FIGURE 7. Expression of vascular addressins on transplanted lymph g

nodes. Four weeks after transplantation of either a superficial cervical
lymph node or a peripheral lymph node to the position of the cervical
lymph node, consecutive sections of the lymph nodes were stained for th
expression of the L-selectin ligand MECA-9X &ndC), and MAdCAM-1

(B and D). A and B are consecutive sections of a transplanted cervical

lymph node showing partial expression of MAdCAM-1 on high endothelial 11-

venules (B). In transplanted peripheral lymph nodes, no MAdCAM-1 ex-
pression is observedj. Magnification, <20 objective.

12.

Ag-bearing cells in the spleen as determined by FACS (datg,

not shown), or to the induction of tolerance. This argues against a

specific role of the APCs from the mucosal region in tolerance!*

induction and emphasizes the importance of the lymph node
microenvironment.

In our experiments, we were not able to show a major effect oft™

tolerance induction on the levels of specific Igs, although a shift

toward Th2 isotypes was observed (data not shown and Ref. 10}

This could mean that in this model T cell tolerance is more readily

induced at the level of DTH responses than T help for B cell17.

activation. The Ag dose and efficiency of uptake may be crucial as

suggested by Viney et al. (24), who found that by in vivo increas-qg.

ing the number of DC, tolerance could be induced with lower
amounts of Ag.
Taken together, the results show an intrinsic capacity of cerwcal

lymph nodes to induce immunological tolerance. Factors deter20.

mining this capacity could lie at the level of lymphocyte entrance

and retention, but must be based on differences of stromal cells that.

form the basic structure of the node. It will be of great importance
to study the nature of these differences to be able to use this for

therapeutic applications in conditions in which tolerance induction22.

can be extremely helpful, as in autoimmunity and allergies. As

such, it is of interest that the basic rules defined in this paper, thes.

crucial role of nose-draining lymph nodes in the induction of im-
munological tolerance, hold true for a model Ag (OVA) as well as
for HC gp-39, a candidate autoantigen in the autoimmune disease

2.

. Weiner, H. L. 1997. Oral tolerance: immune mechanisms and treatment of au:

. Miller, A., Z. J. Zhang, R. A. Sobel, A. Al-Sabbagh, and H. L. Weiner. 1993. Sup—

ROLE OF DRAINING LYMPH NODES IN INTRANASAL TOLERANCE

RA. Intranasal administration of HC gp-39 has been shown not
only to induce immunological nonresponsiveness to subsequent
immunization with this Ag, but also to suppress HC gp-39-induced
arthritis in BALB/c mice (14). Thus, the fact that nose-draining
lymph nodes are essential in the process of tolerance induction
may provide further clues for effectively treating human autoim-
mune conditions with nasally administered autoantigens.
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