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Ex vivo development of functional human lymph node and
bronchus-associated lymphoid tissue

Rabindra Tirouvanziam, Ibrahim Khazaal, Victoire N’'Sondé, Marie-Alix Peyrat, Annick Lim, Sophie de Bentzmann,
Jean Jacques Fournié, Marc Bonneville, and Bruno Péault

We introduce a novel in vivo model of
human mucosal immunity, based on the
implantation of human fetal bronchial mu-
cosa and autologous peribronchial lymph
node (PLN) in the severe combined immu-
nodeficiency (SCID) mouse. In the SCID
host, human fetal bronchiimplanted alone
retain macrophages and mast cells but
lose T cells. In contrast, fetal bronchi
co-implanted with PLN contain, in addi-
tion to macrophages and mast cells, nu-
merous T cells and B cells, often clustered
in intramucosal bronchus-associated lym-

phoid tissue (BALT). Functionally, bron-
chus—PLN cografts are able to mount
robust «apf and yd T-cell-mediated im-
mune responsesto Pseudomonas aerugi-
nosa and 3,4-epoxy-3-methyl-1-butyl-
diphosphate challenges. No other
autologous lymphoid organ (bone mar-
row, thymus, liver) allows for BALT devel-
opment in co-implanted bronchi, which
suggests special ontogenetic and func-
tional relations between extramucosal
PLN and intramucosal BALT. Overall, the
bronchus—PLN cograft appears as a prom-

ising model for human bronchial immune
development and function. Our study is
the first to document long-term ex vivo
maintenance of functional human lymph
nodes as native appendices to mucosal
tissue. Our results, therefore, suggest a
simple strategy for developing similar
experimental models of human immune
function in other mucosae. (Blood. 2002;
99:2483-2489)

© 2002 by The American Society of Hematology

Introduction

Mucosae are highly differentiated, epithelium-lined tissues thphoid tissue$. Regarding the development of human bronchial
regulate most aspects of our relations with the environmemfmune structures, data are less abundant. During normal gesta-
including the development of protective immunity, tolerance, artébn, PLNs appear during the second trimestethereas BALT is
allergy? In that respect, the bronchial mucéss as important as rarely, if at all, present.After birth, BALT develops rapidly and
that of the gut or the skin. Resident immune cells in the bronchie&n be identified in the mucosa of normal human bronchi through-
mucosa are dispersed or are organized in densely packed oell childhood and adolescence but not in adulthood, except under
clusters, known as lymphoid follicles, with discrete areas featurimmarticular conditions such as smok®ngr chronic lung illnes&?
mature B cells, immunoglobulin (Ig)—producing plasma cells, anthus, BALT may play a normal inductive role in immunity
T cells. Such lymphoid follicles can be found externally to theand may signal a pathologic context. For now, the conditions
bronchial mucosa, within peribronchial lymph nodes (PLN), deading to BALT emergence in the human bronchial mucosa
internally, within so-called bronchus-associated lymphoid tisswge unknown.
(BALT).3 Adaptive immune responses depend on the production of In previous work, we showed that human fetal bronchi im-
T and B cells in primary lymphoid tissues (liver, bone marrowplanted in SCID mice reach complete epithelial differentiation
thymus), followed by their migration to secondary lymphoidvithin less than 8 weeks of engraftment, whatever their initial
tissues (eg, PLN and BALT), where they are exposed to antigegsstational age and genotypa his model was used to recapitulate
and are activated. Besides allowing for normal immune functiothe early events of cystic fibrosis airway diséas&and the dynamics of
secondary lymphoid tissues are involved in other significastem cel-mediated bronchial developniérifh functional terms, we
events, such as organ transplant rejection. demonstrated that innate responsesnifested by human macro-
The development of secondary lymphoid tissues follows corphage and murine macrophage and granulocyte transepithelial
plex developmental cues investigators are just beginning to umigration, can be elicited in simple bronchial grafts afseudo-
ravel®> Using mouse models and focusing on gut intramucoseaionas aeruginosmfection!® Here, we asked whether this model
immune structures (Peyer patches), recent studies have emphasioedd be further used to investigate the ontogenesis and function of
at least 3 different homing and differentiation pathways that mdauman bronchial immune structures, including PLN and BALT,
distinctly affect extramucosal and intramucosal secondary lyrand to mimica3 andyd T-cell-mediated responses.
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analyzed by flow cytometry using antibodies against human T-cell receptor
(TCR) & chain, W9, and W2 subsets (Immunotech), as described
previously*®> The responsiveness of graft-derived T-cell lines to EpoxPP
Human tissues and xenografts was confirmed in vitro. Responding cells were plated &tcedis/well in
96-well plates and were incubated with EpoxPP. After 6 hours, culture
Six- to 38-week gestational age (GA) human airways were obtained aftgfpernatants were recovered and tested for their tumor necrosis factor
elective or medically indicated termination of pregnancy, under guidelinggntentl® Cytotoxic activity of graft-derived T cells against the B-cell
approved by the Ethics Committee for Life Sciences of the Centre Nationgimor Daudi was estimated by a regular chromium Cr 51-release assay, as
de la Recherche Scientifique. Simple bronchial grafts and bronchusreviously describedf,
lymphoid tissue cografts were prepared as descrbeith some modifica
tions. Portions of liver co-implanted with airways measured approximatejy
1 cn®. Portions of bone were 2- to 4 cm-long segments of femur. Portions of
thymus included approximately 10 lobules. For bronchus—PLN cografSyafts were harvested and carefully dissected to isolate internal (ie,
the external PLN was dissected from the airway or left adherent to &pithelium and mesenchyme of the airway) from external (connected LN or
Compound cografts of bronchus—PLN-thymus were prepared by leaviby + thymus) regions. Then the internal region was cut longitudinally in
external PLN attached to the airway and by placing approximately 1@lf. One half was processed for immunohistochemistry as described
thymic lobules adjacent to the PLN. In optimal conditions, a given fetalbove. The other half was dissociated enzymatically for 30 minutes in
tissue yielded up to 4 simple bronchial grafts (that could be co-implant&BS-0.1% collagenase-dispase (Boehringer-Mannheim, Mannheim, Ger-
with nonattached lymphoid tissue) and 2 bronchus-attached PLN-thynmagny), followed by 2 washes with PBS-5% newborn calf serum on ice.
cografts. Mice were implanted with a maximum of 2 grafts—cografts (orfgingle-cell suspensions were obtained by repeated pipetting, with a
on each flank). At biopsy (duration of engraftment was greater thanv@ability exceeding 95% for leukocytes as judged by Trypan blue exclusion.
weeks), all grafts and cografts displayed complete epithelial differentiatiézells were then seeded in 96-well plates and were expanded for 127days,
of surface epithelium and submucosal glands as descldé@efore any after which they were stained with monoclonal antibodies against mouse
manipulation, SCID mice were anesthetized with intraperitoneal injectioddy 1.1/1.2 (PharMingen), HLA class | (W6/32; Immunotech), and human
of 0.4 mL Hypnomidate (Janssen-Cilag, Issy-Les-Moulineaux, France). TCRB and TCR chains (Immunotech) and were analyzed by flow
cytometry as described previoudhyAnalysis of length distribution of
TCRB junctional sequences in resident mucosal T cells from a bronchus—
PLN-thymus cograft (GA, 21 weeks; DE, 27 weeks) was performed using
Tissues were fixed in 10% formaldehyde in phosphate-buffered salitiee Immunoscope techniqd®The presence of xenoreactive clones was
(PBS), frozen, and cut into serial pm-thick sections as previously further tested in an in vitro cytotoxicity assay using an H-2d cell line,
described? Serial sections were stained with either mouse isotype contreyngeneic to the SCID mouse host, as a target for human T'@ells.
antibodies (DAKO, Trappes Le Font du Claix, France) or mouse monoclo-
nal primary antibodies against human CD3, CD38, and CD45 from BB
PharMingen (France); human tryptase, CD68, IgA, and HLA-DR frorP-_z
DAKO; or CD20 and CD25 from Immunotech (Marseilles, France)! esults
Appropriate biotinylated secondary antibodies were added, followed lRX
streptavidin-conjugated peroxidase (DAKO), revealed by chromogeno_usal .
substrates diaminobenzidine or aminoethylcarbazole, both from Sigiid1uman fetal bronchi
(Lyons, France), or‘fqllowed by avidin—ﬂuoresgein isothiocy_anqte (FITq_)luman tracheas and stem bronchi from 6 to 38 weeks of
(DAKO) or streptavidin-Cy3 (Dupont-NEN, Paris, France), yielding greeﬁ | t d for th f leukocvtes. Th
or red fluorescence signals, respectively. For double-immunofluoresce ceev_e opmen yvere screene or_ € presence of leukocytes. Three
stainings, green fluorescence was obtained using secondary antibofiEN populations were found. n the mucosa_—macrophages, T
directly coupled to FITC, to avoid cross-reactivity. Sections were countd¥mMphocytes, and mast cells, in their order of first appearance—
stained with Gill hematoxylin. whereas B lymphocytes, natural killer cells, and granulocytes were
not found in significant amounts (Table 1). Leukocyte colonization

Materials and methods

vitro analysis of mucosal T cells

Immunohistochemistry

crophages, T lymphocytes, and mast cells reside

Response to in vivo challenge with P aeruginosa

Two series of 2 matched bronchial grafts (GA, 21 weeks; duration G&ble 1. Presence and localization of human leukocyte populations in human
engraftment [DE], 27 weeks) and 2 bronchus—PLN cografts (GA, 16 weeletal bronchial tissue during gestation and after implantation in the SCID host

DE, 10 weeks) were exposed and challenged with L0®f either 10 Bronchial
cfu/mL P aeruginosaPAOL1 strain suspension or RPMI medium as a Bronchial tissues during gestation grafts
negative control, as describ&dln independent studies, we had observed eykocyte Early stage Medium Mature Mature
that the innate immune response to intralumiP@eruginosachallenge in  populations  (1st appearance) stage stage stage

simple bronchial grafts led to massive infiltration with host neutrophils
eventually destroying the graft within 4 days (R.T., et®adnd R.T,, CD15* - _ _ o
unpublished observations, January 1999). Therefore, to assay the hu o+ o _ _ _
immune response in simple bronchial grafts and bronchus—PLN cograf@mw
those were left for 2 days only in the SCID host after injection and were -
harvested for immunohistochemical analysis as described above.

CcD3* IE, ME (10 wk) IE, SB, ME IE, SB, ME (IE), (SB)

CD68* ME (7 wk) (IE),SB,ME  (IE), SB,ME  (IE), SB, ME
Tryptase®  (ME) (13 wk) SB, ME SB, ME SB, ME

Response to in vivo challenge with EpoxPP
Leukocyte populations expressing CD3 (T lymphocytes), CD15 (granulocytes),

Challenge with 3,4-epoxy-3-methyl-1-butyl-diphosphate (EpoxPP) wa&D20 (B cells), CD38 (plasma cells), CD56 (NK cells), CD68 (macrophages), and
performed on 2 independent series (GA, 20 weeks, DE, 36 weeks; GA, tigptase (mast cells) were localized in the intraepithelial (IE), subepithelial (SB), and
weeks, DE, 15 weeks, respectively), each containing 2 bronchus—P senchymal (ME) compartments of human fetal tracheas and stem bronchi at early
. K © L 6-15 wk), medium (15-23 wk), and mature (23-38 wk) stages of epithelial differentia-

pograﬁs. For each series, 100 EpoxPP at 0.3 mM II‘.I ?a“ne was Ir”(':‘Ctedtion” and in the bronchial grafts, having attained full maturation of surface epithelium
into the lumen of one cograft; the other was kept uninjected. After 3 weekg,q submucosal glands (GA, 16-25 wks; DE, 8-36 wks) as previously described.13:14

resident mucosal T cells were isolated, expanded in vitro (see below), anglentheses indicate scarce presence in a compartment.
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Figure 1. Human leukocyte populations in simple bron-
chial grafts and bronchus—PLN cografts. Mature simple
bronchial grafts (A-C) show dispersed CD45* mucosal leuko-
cytes (A), including tryptase® mast cells (B, arrows) and
CD68" macrophages (C, arrows). Bronchus—PLN cografts
(D-L) show CD45" leukocytes (D) dispersed in the mesen-
chyme and clustered in BALT (D, circled area). BALT cells (E,
circled area) include mature CD20* B cells (green fluores-
cence) and CD20*CD38* (orange fluorescence) plasma
cells. Some CD38" plasma cells are found at the basal aspect
of submucosal glands (F, arrows), allowing for transcytosis-
mediated IgA secretion (G) into the gland lumen. CD3* T
lymphocytes are found within the epithelium (H, arrow) of
bronchus—PLN cografts, among BALT cells (H, circled area)
and are dispersed in the mesenchyme (I, arrows). Co-
implanted PLNs stay well delimited (I-K, circled area) exter-
nally to the cartilage and show numerous CD3* T lympho-
cytes (1), mature CD20* B cells (green fluorescence), and
CD20*CD38" (orange fluorescence) plasma cells (J) and
CD68* macrophages (K). Human PLNs maintained long term
in the SCID host also show evidence of proliferating Ki67*
leukocytes (L). Bar represents 100 pminA, B, D, E, J; 250 pm
inl, K; 50 pumin C, H; 25 pmin F, G, L. e indicates epithelium;
g, gland; and c, cartilage. Original magnification <50 (A, B, D,
E, J); X20 (I, K); X100 (C, H); X200 (F, G, L).

starts at 7 weeks and proceeded steadily until term, with 2 majéfigure 1D). In addition to mast cells and macrophages, bronchus—
waves occurring at approximately 12 and 20 weeks and yieldiRl-N cografts displayed numerous B and T cells (16 of 16 cases;
numerous T lymphocytes and mast cells. In the mature stage (frdiable 2), found dispersed in the mucosa or within intramucosal
23 weeks on), the intraepithelial compartment excluded mast celtfysters homologous to BALT (12 of 16 cases). Mature B cells and
the subepithelial compartment included all 3 populations with plasma cells comprise most cells in these clusters (Figure 1E).
cells dominating, and the mesenchymal compartment included alPBasma cells are also found dispersed in the mesenchyme, espe-
populations with mast cells dominating. No evidence for intramweially at the basal aspect of submucosal glands (Figure 1F),
cosal lymphoid tissue was found at any stage during gestation, thaliewing for IgA secretion in the gland ducts (16 of 16 cases, Figure

confirming previous finding$. 1G). T cells are found dispersed in the mesenchyme, within BALT,

and in the subepithelial and intraepithelial compartments (Figure
Peribronchial lymph nodes, but no other lymphoid organs, 1H-I). No other cograft combinations tested led to any enrichment
trigger the formation of BALT in co-implanted bronchi of the bronchial mucosa with leukocytes (Table 2). No impact on

With the objective of providing a model for human bronchia‘1OSt survival was noted with any of the cograft combinations.

immuniFy, we implanted fetal bronchi algne or with autologou1s_ymph nodes are maintained in SCID hosts as appendices
lymphoid tissues into SCID hosts. When implanted alone, broncfy
maintained limited mucosal human leukocyte populations (Table 1;
Figure 1A) featuring mast cells (Figure 1B) and macrophagé®tal PLNs are natively attached to the external side of bronchi by
(Figure 1C) but scarce, if any, T cells. By contrast, whenonnective tissue. When PLNs were dissected and then implanted
co-implanted with attached PLNs, bronchial grafts underwentia the SCID host away from the bronchial mucosa, no BALT

spectacular enrichment of the mucosa with human leukocytiesmation was induced (Table 2). In addition, dissected PLNs

bronchial grafts

Table 2. Cografts of human fetal bronchus and autologous lymphoid tissues

Lymphoid Enrichment in Presence of Impact on

Type of cograft N DE (wk) tissue fate leukocytes BALT/IgA host survival
Bronchus + liver 3 11-21 Involuted (3 of 3) No (3 of 3) No (3 of 3)/no (3 of 3) No (3 of 3)
Bronchus + bone 3 12-18 Conserved (3 of 3) No (3 of 3) No (3 of 3)/no (3 of 3) No (3 of 3)
Bronchus + thymus 4 12-34 Conserved (4 of 4) No (4 of 4) No (4 of 4)/no (4 of 4) No (4 of 4)
Bronchus + dissected PLN 4 8-28 Involuted (4 of 4) No (4 of 4) No (4 of 4)/no (4 of 4) No (4 of 4)
Bronchus + attached PLN 16 8-36 Conserved (16 of 16) Yes (16 of 16) Yes (12 of 16)/yes (16 of 16) No (16 of 16)
Bronchus + attached PLN + thymus 3 12-27 Conserved (3 of 3) Yes (3 of 3) Yes (3 of 3)/yes (3 of 3) No (3 of 3)

Portions of fetal bronchi (total of 10 independent tissues from 16-25 wks gestation) were implanted in SCID hosts either alone (total of 16 simple bronchial grafts; DE, 8-36
wks) or with autologous lymphoid tissues (number of each type, N, indicated in table) and studied as described (see “Materials and methods”) after variable duration of
engraftment (DE). The fate of lymphoid tissues was assessed morphologically. Bronchus—lymphoid tissue cografts were compared to simple bronchial grafts from the same
series (same fetal tissue of origin, grafted in littermates) to detect any enrichment in human leukocytes, the presence of BALT, IgA, and impact on host survival.
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quickly involuted on implantation, leaving only fibrous remnants A

after more than 4 weeks in the host. Conversely, PLNs tha? 30 320
remained attached not only induced the formation of BALT, theyZ, E 15
were also maintained as functional lymphoid organs in the hos2 20 2.9
(Figure 11). Co-implanted PLNs contain numerous macrophage8 e 5
(Figure 1K), T cells (Figure 11), and mature B cells and plasma.g 10 =

cells (Figure 1J) organized in lymphoid follicles, among which '@
cycling cells could be detected (Figure 1L). (3 0

Ag (uM)
af T-cell-mediated immunity is active in
bronchus—PLN cografts

Antigen presentation function is found in simple bronchial grafts in
which major histocompatibility complex class Il (MHC II) is
detected on macrophages and rare epithelial cells (Figure 2A
MHC Il expression is more widespread in bronchus—PLN cografts
and is found among macrophages and fibroblasts, epithelial cell:
and T and B cells (Figure 2B). Before stimulation, CD25 (IL-2 ' '
receptora chain) expression is absent in simple bronchial grafts 20 40
and only detected on scarce macrophages in bronchus—PLN cogra E:T Ratio
(Figure 2C), consistent with the lack of T-getleactivation. Onin vivo Figure 3. Responsiveness of human v T cells from bronchus—PLN cografts to
infection withP aeruginosaCD25 expression is induced in a largen vivo EpoxPP challenge.  (A) Flow cytometry analysis using TCR-C3, -V9, and
subset of mesenchymal Ieukocytes in bronchus—PLN Cograﬂ\é82—§pe0f|c mAbs. Frequency (mean _‘:_SD) of TCR-Cd—positive cells is shown.for
X ; X i mock-injected (open bar) and EpoxPP-injected (closed bar) grafts from two series.
notably among cells in BALT (Figure 2D). No such induction ofamong TCR-Ca—positive cells from EpoxPP-injected grafts, most cells co-expressed
CD25 expression is found in mock-infected cografts or in simplecr-vy9 (light grey bar) and TCR-V52 (dark grey bar). (B) T cells derived from
bronchial grafts mock-infected or infected withaeruginosgnot EpoxPP-injected (open circles) or noninjected (closed circles) bronchus—PLN cografts
. - . from the same series were incubated in vitro with EpoxPP (Ag) at various
ShOWI’]). These results are consistent with itigiction of ano‘B concentrations, and culture supernatants were tested for their tumor necrosis factor

T-cel-mediated responsel?raeruginosainfected cografts. content. (C) Cytolytic activity of T cells derived from EpoxPP-injected (open circles) or
noninjected (closed circles) bronchus—PLN cografts from the same series against
51Cr-labeled Vy9V3/2-susceptible Daudi cells was estimated at 2 effector-to-target
(E:T) ratios in a 4-hour 51Cr-release assay.

o o
1 ]

/’

o—9

[ S T = T -]

o o o
1

Specific Lysis (%) O

o

vd T-cell-mediated immunity is active in
bronchus—PLN cografts

. EpoxPP compared with noninjected cografts (Figure 3A). Accord-
n aclldlltlontto(?B T c:sllg,ya T cells h_?vet bee_lr_1 sr;lo}/vn t? exgrt aingly, T cells derived from EpoxPP-injected cografts, but not from
crucial protective role in mucosae. 10 e)sﬂ ~cell function _noninjected cografts, secreted high levels of tumor-necrosis factor
_br_onc_hus—PLN cograf_ts, we studied _thelr response to the in viy en exposed to phospho-antigens in vitro (Figure 3B). Moreover
Injection of a synthetic phospho-antigen, 3,4-epoxy-3-methyl- he former but not the latter cells efficiently killed Daudi cells, a
butyl-diphosphate (or EpoxPP), known to selectively actlvatg tl “cell tumor specifically recognized byy@Va2 T cells (Figure
Vy9V62 subset. The frequency ofy@Va2 T cells was dramati- 3C). These data demonstrate that human cells in bronchus—

cally increased within bronchus—PLN cografts injected WItIE’LN cografts are functional and are able to respond to an antigenic
challenge in vivo.

Adjunction of autologous thymus to bronchus—PLN cografts
increases the representation of «af T cells

Having proven thate and yd T cells within the mucosa of
bronchus—PLN cografts are able to respond to immune challenges,
we sought to further characterize their relative representation and to
test whether the adjunction of autologous thymus could influence
the a—yd balance. To this end, grafts from 2 series—including
simple bronchial grafts, bronchus—PLN cografts, and bronchus—
PLN-thymus cografts—were partly dissociated, and resident T
cells were analyzed by flow cytometry after short-term in vitro
expansion. As shown in Table 2, bronchus—PLN-thymus cografts
allowed for the development of BALT in the airway mucosa and for
Figure 2. Markers of af T-cell-mediated immunity in simple bronchial grafts the maintenance of PLN, as m_bronchus—PLN cografts without
and broﬁchus—PLN cografts before and after infection with P aeruginosa. thmeS. Moreover, as presented in Table 3, bronchus—PLN—thymus
Before P aeruginosa infection, the up-regulation of HLA-DR is visible in the cografts exhibited a marked increase in the proportian@oT cells

bronchus—PLN cograft (B) compared with the simple bronchial graft (A), with strong Compared with bronchus—PLN Cografts_
staining of the epithelium and the mesenchymal macrophages. Before infection, few

mesenchymal macrophages express CD25 (C, arrows) in the bronchus-PLN cograft,  Repertoire of «f T cells in bronchus—PLN-thymus
whereas BALT cells (C, circled area) are mostly CD25~. After in vivo infection with cografts is restricted

P aeruginosa, CD25 expression is markedly up-regulated (D, arrows) in the mesenchyme
of the bronchus—PLN cograft, notably among BALT cells (D, circled area), with . . -
CD25* cells spreading in the whole mucosa and the epithelium. Bar, 100 pm. We further evaluated TCR diversity within a bronchus—PLN-

e indicates epithelium; and c, cartilage. Original magnification <100 for all panels. thymus cograft, using a previously described reverse transcription—
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Table 3. Flow cytometric analysis of graft-derived T cells ments to the adjacent bronchial mucosa. The bronchial epithelium,
Recovered cells Positive cells (%) glands, and mesenchyme may thus provide necessary growth factor
Sample (x 10°) Thy-1 W6/32 TCRap TCRys  activity for the PLN.
G1 18 NS 99.8 09 45 Conversely, co-implanted PLNs induce the enrichment of the
G2 3.4 NS 995 08 ,gg  bronchial mucosa with T and B cells, often leading to BALT
G3 1.3 NS 99.7 37.4 15.8 formation. No other lymphoid tissue led to similar enrichment,
G4 40.0 NS 99.9 95.9 1.0  which argues for a crucial role of PLNs in BALT formation. This is

, ] , in contrast to findings in the mouse gut suggesting separate
Cells were isolated from the mucosa of 1 simple bronchial graft (G1), 1 developmental pathwavs for extramucosal and intramucosal lvm-
airway-LN cograft (G2), and 2 airway—LN-thymus cografts (G3 and G4) from 2 ; p p y . - X y
independent series (GA, 16 wk; DE, 10 wk for G1, G2, and G3; GA, 21 wk; DE, 27wk phoid structure8.We also identified IgA-secreting plasma cells in
for G4), expanded in vitro for 12 days and finally counted and analyzed by flow  gland ducts of all bronchus—PLN cografts in the basal state. In vivo,
“ i " 0, i . o . . . .
;y;;m:;':t E;ese) Materials and methods”). Levels below 0.3% were considered not .5 chjg| IgA secretion is thought to depend on prior activation of
gut-associated lymphoid tissues and is not observed before 6
months after birt> Our results suggest that IgA secretion may

polymerase chain reaction approach, termed |mmun051édpe_ arise in the bronchial mucosa independent of other sites.

cording to the size distribution of junctional regions of rearranged It is also possible that, in our model, exposure to host antigens
TCRB chains, graft-derivedp T cells were polyclonal, compris- Might have led to the development of xenoreactivity among human
ing at least 40 clonotypes (Figure 4). Although polyclonal, thiymphocytes. In B cells, the secretion of IgA and other immuno-
repertoire was significantly restricted compared to the pseud@obulin isotypes may ensue. We cannot rule out this possibility,
gaussian patterns obtained with peripheral blood T cells frogd we look forward to further detailed analysis of B-cell function
healthy adultd8 One explanation for this restriction could be thagnd immunoglobulin specificity in the model to shed insight. In T
graft T cells undergo host antigen—driven oligoclonal expansionC&lls, exposure to host antigens was shown to induce oligoclonal
form of graft-versus-host reaction previously observed in SCIBXpansion of xenoreactive clones in a model of human adult T-cell
mice engrafted with adult human periphera| blood |euk0c§itesldeve|0pmentin SCID mic®.Our first experiments using bronchus—
However, mucosal T cells were consistently CD2B the basal PLN-thymus cografts, in whicaf T cells are largely represented
state, thus ruling out any chronic activation of bronchus—PLRvhereasyd T cells predominate in bronchus—PLN cografts),
(~thymus) cografts. Besides, no impairment of host survival wg§owed a restricted repertoire for TBRhain rearrangements,
observed, which also argues against any ongoing graft-versus-Hg8ich may indicate an ongoing xenoreaction. Yet several argu-
reaction. Furthermore, no xenoreactivity was found in a cytotoxiga€nts dispute this hypothesis. First, our model uses fetal T cells,
ity assay in which graft T cells were co-incubated with a mouse cathich, because of their immaturity, are more likely than adult T
line syngeneic to the SCID host (not shown).

BV1 BV6/B BV13/A BvV18
11.0 <0.3
Discussion l
The colonization of human bronchi by leukocyte populations BVZ2 BV7 BV13/B BvV20
remains ill defined, as do the conditions in which intramucosal 07 <0.3 1.0
leukocyte clusters or BALT emerge. By studying human fetal k
bronchial mucosae before and after implantation as xenografts in \
SCID mice, we are able to offer several insights into the develop- BV3 BVS BVi4 BV21
ment of these human bronchial immune structures. First, we show 3 <0.3 28 133
that macrophages, mast cells, and T cells colonize human bronchi
during gestation, with no evidence of intramucosal cluster forma- - . \
tion. On implantation of the bronchial mucosa in the SCID host, BV4 BV9 BViS BY22
macrophages and mast cells are maintained; both are knownto play[~ |~ 5 3 <0.3 0.4
prominentroles in bronchial immunopathology, notably in astti#a.
Conversely, T cells are found to declipgssibly because of the lack WM
of antigenic stimulation or growth factors. Similar T-cell decline BVS BV11 BV16 Bv23
was found in an adult bronchial xenograft moéel. FIEY <3 <03 03
In testing several graft combinations of lymphoid tissues and gg g:; ' ' '

fetal bronchi to increase the representation of human leukocytes in Lo
the mucosa, we found that the bronchus—PLN cografts had
outstanding properties. Indeed, this strategy allowed us, for the first Ve BWQ“_S BW;S Bved
time, to maintain a human lymph node long-term ex vivo. Although A
successful engraftment of human LNs in the SCID mouse host was LL J N

reported by Kaneshima et al in 19%i1they later acknowledged

that they were incapable of maintaining isolated human LNs for tﬁ@ure 4. Analysis of length distribution of TCR B junctional sequences in cells
rom the mucosa of a bronchus—PLN-thymus cograft. Shown are the profiles o
h fab h h ft. h h fil f

Iong term because of the absence of adequate vascular @ﬂdﬁ\ amplified with pairs of VB—CB primers plus run-off with internal fluorescence
lymphatic connections, with surrounding (host) tissues held respais-primer. The percentage of cells expressing corresponding TCR VB, as estimated
sible for LN involution after 8 to 12 weeks. Accordingly, we 120 St e e han 03% According o s crron

. . .3%. ,
found that PLN maintenance in the SCID host (Up to 36 weeks) W&Feast 12 of 24 distinct VB subsets were detected by flow cytometry. Immunoscope

strictly dependent on the conservation of connective tissue attaaheiysis suggested that the culture contained at least 40 distinct clonotypes.
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cells to undergo tolerization toward the host. Second, we det@reell receptors with a combination of variable regions mostly
mined that graft T cells did not exert cytotoxicity toward a mouseestricted to W9 and 62,26 are known to recognize in vitro
cell line syngeneic to the SCID host, though arguably this resuiacterial and synthetic nonpeptidic phosphorylated compounds and
may also be explained by the absence of relevant antigens (ie, thaseide range of B-cell tumors. Until now, the lack of rodent
involved in a putative in vivo xenoreaction) in the cell line used ilmomologues of this major humagd subset had hampered its
our assay. Third, we found that T cells were consistently CO85 analysis. To our knowledge, our data represent the first indication
unchallenged bronchus—PLN (-thymus) cografts, which rules atiat humanyd T cells developed in SCID mice can keep their
any chronic immune activation, as would happen in xenoreactivigntigen responsiveness. Therefore, our model could be of great
Fourth, we did not find evidence that any of the graft combinationglue to help gain insight into the in vivo physiology~ T cells.
used altered host survival. Therefore, we believe that the restrictedin summary, we demonstrated that bronchus—PLN (-thymus)
distribution of chain rearrangements within graf8 T cells is cografts allow for the study of human bronchial epithelial cells,
more likely explained by the limited number of T cells initiallyglands, and mesenchyme in relation to diverse human leukocytes
present within implanted tissues than by xenoantigen-inducedbsets, namely macrophages, mast cells, mature B cells, plasma
oligoclonal expansion. cells, aB, andyd T cells, which are all found in the postnatal
Although more work is needed to confirm our current hypotheronchial mucosa. Additional work is now required to address
eses regarding the T-cell repertoire in our model, resultsimportant concerns, such as (1) antigen repertoire and specificity of
presented here provide clear evidence thgt T cells within  «f andys T cells and B cells found in PLN and BALT; (2) levels of
bronchus-PLN cografts are responsive to infection Witherugi- active molecules—eg, epithelial antimicrobials, cytokines, IgA,
nosa a pathogen causing life-threatening lung infections notably Bind possibly other immunoglobulin isotypes; and (3) responsive-
patients with cystic fibrosis. We further show that althoughess to additional varied types of immune challenges. Potential
antigen-presenting function is present in simple bronchial graégplications of this model include studies of innate and adaptive
and bronchus—PLN cografts, only the latter can mayhff-cel-  immunity in normal airways and in diseased states, such as asthma
mediated responses. Because our experimental conditions did & cystic fibrosis. Developmentally, our results point to an
allow for the maintenance of live bacteria in contact with humaidductive role of extramucosal PLNs in the histogenesis of
graft lymphocytes for more than 2 days (because of the parallgtramucosal BALT, which deserves further investigation. In
development of a massive host neutrophil-mediated resporsgence, our study suggests an experimental strategy (ie, the
leading to graft tissue destruction within 3-4 days), we based og-implantation of LNs with adjacent mucosa) for the development
demonstration of the development of ag T-cell-mediated of models of immune function in other human mucosae such as that
response t@ aeruginosanfection on the early sign of activation of the skin, gut, or genital tract.
provided by the up-regulation of CD25. Later signs of activation, as
provided, for example, by a quantitation @ T-cell expansion,
would be meaningful only with longer incubation times (typically
in the 1- to 2-week range). Infectious challenge of bronchus—PL,chnow|edgments
cografts with mutant or heat-killed® aeruginosastrains may
reduce host responsiveness and therefore allow the full trackingWwé thank P. Kourilsky, L. A. Herzenberg, and E. Puchelle for
humana T-cell responses as they unfold. helpful discussions; M. Catala, A.-L. Delezoide, C. Ferec, F.
In addition toaB T cells, we demonstrate thad T cells, more Menez, F. Narcy, J. Martinovic, and J. Tantau for providing fetal
precisely the W9V32 subset, are also present and activatable tissues; the Centre ‘B®mnal de Transfusion Sanguine (Nantes,
bronchus—PLN cografts. Huma®d T cells are believed to play a France) for providing human serum and feeder cells; and C.
major role in antitumor and antibacterial immunity. In particularBalmant (INSERM U395, Toulouse, France) for providing &
most peripheral bloogd T cells in human adults, which expressT-cell antigens.
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