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MAdCAM-1 Expressing Sacral Lymph Node in the
Lymphotoxin B-Deficient Mouse Provides a Site for Immune
Generation Following Vaginal Herpes Simplex Virus-2
Infection®

Kelly A. Soderberg, Melissa M. Linehan, Nancy H. Ruddle, and Akiko Iwasaki?

The members of the lymphotoxin (LT) family of molecules play a critical rolein lymphoid organogenesis. Whereas L T a-deficient
mice lack all lymph nodes and Peyer’s patches, mice deficient in LT B retain mesenteric lymph nodes and cervical lymph nodes,
suggesting that an LT B-independent pathway exists for the generation of mucosal lymph nodes. In this study, we describe the
presence of alymph nodein LT B-deficient miceresponsiblefor draining the genital mucosa. In the majority of L T B-deficient mice,
a lymph node was found near theiliac artery, dightly misplaced from the site of the sacral lymph node in wild-type mice. The
sacral lymph node of the L T B-deficient mice, as well asthat of the wild-type mice, expressed the mucosal addressin cell adhesion
molecule-1 similar to the mesenteric lymph node. Following intravaginal infection with HSV type 2, activated dendritic cells
capable of stimulating a Th1 response were found in this sacral lymph node. Furthermore, normal HSV-2-specific 1gG responses
were generated in the LT B-deficient mice following intravaginal HSV-2 infection even in the absence of the spleen. Therefore, an
LT B-independent pathway exists for the development of a lymph node associated with the genital mucosa, and such alymph node
serves to generate potent immune responses against viral challenge. The Journal of Immunology, 2004, 173: 1908—1913.

the TNF-mediating activities, including tumor cytotoxic- vical and mesenteric lymph nodes (MLNs) (4, 8), indicating an

ity, cell proliferation, differentiation, and antiviral re- LTpg-independent pathway for the generation of mucosal lymph
sponses (1-3). The genes ford.&ndp cluster along with that for  nodes. Nevertheless, the mucosal lymph nodes that develop in the
TNF-« in the MHC locus. The LT are produced by a variety of LT g-deficient mice have disorganized T cell and B cell distribu-
cells, including activated lymphocytes and NK cells, and exist agion and have altered expression of addressins on the high endo-
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prevalent LT,f3,). Although the LTa; homotrimer is soluble, duce the expression of mucosal addressin cell adhesion molecule
lacking a transmembrane domain, the heterotrimeric complexe@MAdCAM)-1, specifically expressed by the mucosal lymph node
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Knockout mice have been generated for botheldnd LTB,  cosal lymph node HEVs continue to express MAdCAM-1 in ad-

demonstrating the importance of LT in lymphoid organogenesis (4dition to PNAd (11).
6-8). These mice exhibit both the absence of peripheral lymph |n this study, using a mouse model of genital herpes infection,
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I ymphotoxins (LT} are cytokines structurally related to architecture. LB-deficient mice, however, maintain both the cer-

Department of Epidemiology and Public Health and Section of Immunobiology, Yale
University School of Medicine, New Haven, CT 06520

Received for publication January 7, 2004. Accepted for publication May 28, 2004.

Copyright © 2004 by The American Association of Immunologists, Inc. 0022-1767/04/$02.00



The Journa of Immunology

within the LTp-deficient mice following ivag infection with
HSV-2. These results provide both phenotypic and functional ev-
idence for the sacral lymph node that develops in the absence of
LTR as asite for immune induction against a sexually transmitted
vira agent.

Materials and M ethods
Virus

HSV-2 strain thymidine kinase (TK)-deficient 186TKAKpn was a gener-
ous gift from D. Knipe (Harvard Medica School, Boston, MA), and was
constructed, as described previously (13). All stocks were propagated and
titered on the Vero cell line before use in ivag infections.

Animals and HSV-2 infection

Six- to 8-wk-old female C57BL/6 mice were obtained from The Jackson
Laboratory (Bar Harbor, ME). The generation of LT 3-deficient mice was
described previously (4). For virus infection, mice were injected s.c. in the
neck ruff with Depo-Provera (Pharmacia & Upjohn, Kalamazoo, MI) at 2
mg/mouse in 100 ul vol 5 days before infection, swabbed with calcium
aginate, and inoculated with 1 X 10° PFU of HSV-2 strain 186TKAKpn,
or inoculated with noninfected Vero control lysate (mock infection) in 10
wl vol using a blunt-ended micropipette tip, as previously described (14).
In some experiments, mice were splenectomized and, upon complete re-
covery, infected ivag with186TK AK pn, as described above. All procedures
complied with federal guidelines and institutional policies by the Yale
animal care and use committee.

Visualization of lymph nodes

One percent of Evans blue was injected s.c. into the footpads of mice, and
the lymph nodes were analyzed the following day.

ELISA

Immulon flat-bottom plates (Fisher Scientific, Hanover, IL) were coated
with anti-HSV-2 Ab (DakoCytomation, San Diego, CA) in carbonate
buffer overnight at 4°C. Plates were washed and blocked with 10% FCSin
PBSfor 2 h at room temperature (RT). HSV-2 lysate (Applied Biosystems,
Columbia, MD) at a protein concentration of ~5.8 ug/ml was added for 3 h
at RT; plates were washed; and dilutions of serum were added to the wells
in triplicate. Known amounts of mouse mAb specific to HSV-2 gB (SS10
mouse 1gG), kindly provided by G. Cohen and R. Eisenberg (University of
Pennsylvania, Philadelphia, PA), were added in paralel as an internal ref-
erence. Plates were washed; HRP-conjugated anti-mouse 1gG at 0.8 wg/ml
(Jackson ImmunoResearch Laboratories, West Grove, PA) was added for
1 h at RT; and the enzymatic reaction was measured using tetramethyl-
benzidine substrate (eBioscience, San Diego, CA). Upon completion, the
reaction was stopped with 2 N H,SO,, and the OD was measured at
450 nm.

Antibodies

Abs used for the identification of specific cell populations and surface
molecules were purchased from eBioscience: CD11c (N418), CD86 (GL-
1), and CD8« (53-6.7). Abs specific for MAdCAM-1 (MECA 367) and
PNAd (MECA 79) were purchased from BD Pharmingen (San Diego, CA).
For localization of HSV-2-infected cells, FITC-conjugated HSV-2
(Virostat, Portland, ME) was used.

Immunofluorescence staining of tissues

To examine the expression of addressins, frozen sections of lymph nodes
were stained with a combination of Abs to MAJCAM-1 and PNAd in a
procedure similar to that described previously (14). The stained slides were
analyzed by confocal microscopy (Zeiss LSM510; Oberkochen, Germany)
using a X63 objective lens with water.

Preparation of dendritic cells (DCs)

DCswere prepared from lymphoid organs of mice, as previously described
(14). Briefly, the inguinal, iliac lymph nodes and MLNs from B6 control
mice, as well as mesenteric and sacral lymph nodes from the LT 3-deficient
mice were collected at the indicated time points following HSV-2 ivag
infection. The tissues were digested with collagenase D and DNase |, fol-
lowed by an incubation in 5 mM EDTA. Single cell suspensions were
prepared and incubated with anti-mouse CD11c-coated magnetic beads
(Miltenyi Biotec, Auburn, CA) and selected on MACS separation columns
to obtain DCs, as previously described (14).
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Stimulation of HSV-2-specific CD4™ T cells

To analyze CD4* T cell responses in the lymphoid tissues following ivag
HSV-2 infection, CD4" T cellsisolated from the indicated lymph nodes of
mice at 4 days postinfection (p.i.) using anti-CD4-conjugated magnetic
beads (Miltenyi Biotec) were incubated with syngeneic splenocytes that
had been irradiated at 2000 rad and pulsed with viral Ags or control lysate,
as described previously (14). To determine the ability of DCs to stimulate
HSV-2-specific T cells, 10° CD4" T cellsisolated from the draining lymph
nodes of WT mice infected ivag with HSV-2 4 days prior were cocultured
with 10° DCs in the presence or absence of exogenously added viral Ags,
and cytokine secretion from CD4" T cells was assayed by ELISA, as
previously described (14).

Results
Identification of a genital lymph node in the LTB-deficient mice

LTB-deficient mice are reported to lack PLNs, yet retain the lymph
nodes draining the gut and oral/nasal mucosa. Therefore, we
wished to examine whether lymph nodes draining the genital mu-
cosa are aso retained in these mice. Both naive (Fig. 1A) and
HSV-2-infected (Fig. 1B) WT mice possess a collection of lymph
nodes known as the iliac lymph nodes that consist of two to three
lumbar (yellow arrows) and one sacral (green arrow) nodes. All of
the iliac lymph nodes of the infected WT mice became enlarged as
aresult of HSV-2 infection (Fig. 1B). Upon careful examination of
the LTB-deficient mice, we discovered the presence of a lymph
node located adjacent to the iliac artery (Fig. 1, C and D; red
arrow), dlightly misplaced from the location of the WT sacra
lymph node (Fig. 1, A and B; green arrow). This sacral lymph node
was also found in majority of the naive LTgB-deficient mice, a-
though much smaller in size (Fig. 1C). In a minority of LTg-
deficient mice, the sacral lymph node was not visible (Table 1).
The diminutive size of thislymph node may explain why it was not
generaly noted in previous publications, in which either naive
mice or those immunized by other routes were evaluated (4, 8).
The sacral lymph node was present in both the naive (70%) and
the HSV-2-infected (76%) LT B-deficient animals at a frequency
similar to what had been reported for MLNSs present in these mice

FIGURE 1. A lymph node is present near the iliac artery in LT 3-defi-
cient mice. Lumbar and sacral lymph nodesin WT mice either naive (A) or
infected ivag with HSV-2 for 4 days (B) are depicted. A lymph node is
present near the iliac artery in a majority of the LT-deficient mice either
naive (C) or infected with HSV-2 for 4 days (D). Lumbar lymph nodes
(yellow arrows), sacral lymph nodes (green arrows), and the displaced
sacral lymph nodes of the LTB-deficient mice (red arrows) are indicated.
U, uterus; |, iliac artery. A total of 83 mice was examined in a similar
manner as described in Table I.
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Table|. Presence of sacral lymph node in LTB™'~ mice
Sacral
Lymph Node
Infection Status Tota No. Mice Yes No % Total
Mock 34 24 10 70
HSV-2 infected 49 37 12 76

(8) (Table ). Furthermore, this sacral lymph node was present in
both female and male LTB-deficient mice.

Sacral lymph node displays MAdCAM-1

Naive T and B lymphocytes enter lymph nodes and Peyer's
patches viathe HEV s following a series of lymphocyte-endothelial
cell interactions initiated by receptor binding to the HEV ad-
dressins (15, 16). Although naive lymphocytes bind via L-selectin
to the addressin PNAd expressed by the HEV's of the PLNs, the
mucosal vascular addressin, MAJCAM-1, is specifically displayed
by the HEV of lymph nodes draining the mucosal surfaces (17,
18). MAdCAM-1 expressed on the endothelial cells of mucosal
lymphoid tissues can mediate entry of lymphocytes via L-selectin
or a,fB3,. Because the sacral lymph node was retained in the LT3-
deficient mice, we examined whether this lymph node also pos-
sessed characteristics of a mucosal lymph node.

Consistent with the previously reported addressin phenotypes of
the PLNs (11), MAdCAM-1 staining was absent from HEV's of
the lumbar lymph nodes of the WT mice (Fig. 2A). Interestingly,
the sacral lymph node of WT mice displayed both PNAd and
MAdCAM-1 on their HEV's (Fig. 2B). This pattern of expression
was similar to the MLN (Fig. 2C), but not to the PLN (Fig. 2A).
The sacral lymph node present in the L TB-deficient mice also co-
expressed PNAd and MAdACAM-1 (Fig. 2D), similar to expression
patterns found on the MLN HEV's (Fig. 2E). The MLNs from both
the LTB-deficient mice (Fig. 2E) and the WT control mice (Fig.
2C) contained HEVs expressing MAdCAM-1 and PNAd, as ex-
pected. The expression pattern of PNAd within the LT3 knockout
sacral lymph node was similar to what has been previously re-
ported in the MLN of these mice (9), namely, that some of the
HEV s expressed only abluminal PNAd (Fig. 2D). Furthermore, the
sacral lymph node appeared to have disrupted T/B organization

FIGURE 2. MAdCAM-1 and PNAd are expressed in both the sacral
lymph node of the LTB-deficient mice and the WT mice. Cryosections of
the lumbar (A), sacral (B), and the MLN (C) of WT mice or the sacral
lymph node (D) and the MLN (E) of the LTB-deficient were stained with
Abs to PNAd (green) and MAJCAM-1 (red) and analyzed by confocal
microscopy. These figures are representative of lymph nodes obtained from
8-10 mice in each group.
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similar to what has been previously reported (4, 8) for the MLN of
LTB-deficient mice (data not shown).

Activation of CD4" T cells within the sacral lymph node

Previously, we demonstrated that HSV-2-specific CD4* T cells
are present within the vaginal draining lymph nodes of WT mice
as early as 3 days following ivag infection with HSV-2 (14). To
examine the functional relevance of the sacral lymph node in the
LTB-deficient mice, we analyzed the presence of HSV-2-specific
CD4" T cellsin this lymph node following ivag infection. CD4*
T cells were isolated 4 days following ivag HSV-2 infection from
the sacral lymph node of the LTB-deficient mice, and their ability
to secrete IFN-+ following incubation with APCs presenting viral
Ags was assessed. To specifically compare CD4* T cell responses
generated in the sacral lymph nodes, we separately isolated CD4™
T cells from the genital draining lymph nodes of WT mice. Thus,
CD4" T cells from inguinal, lumbar, and sacral lymph nodes of
WT mice, or sacral lymph nodes of LTg-deficient mice were col-
lected. This analysis revealed that Ag-specific CD4" T cells ca
pable of secreting high levels of IFN-y were present in the sacral
lymph node of the LTB-deficient mice at 4 days p.i., abeit at
slightly reduced levels compared with those of WT mice (Fig. 3).
WT mice also contained HSV-2-specific CD4" T cellsin the lum-
bar, sacral, and inguina lymph nodes (Fig. 3). Moreover, nond-
raining lymph nodes such as the MLN did not contain Ag-specific
T cellsin either the LTB-deficient or WT mice (data not shown).
These results suggested that the sacral lymph node that developsin
the LTB-deficient mice provides a site for CD4™ T cell priming
following genital viral infection.

DCs present MHC class |1-associated HSV-2 peptides in the
sacral lymph node of LTB-deficient mice

Because activated HSV-2-specific CD4* T cells were discovered
within the sacral lymph node, but not in the MLN of LT B-deficient
mice at 4 days p.i., we tested whether this lymph node provides a
sitefor CD4™ T cell priming, and whether DCs are involved in this
process. Because DC migration into lymphoid tissues has been
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FIGURE 3. Cytokine secretion from CD4" T cells in the sacral lymph
node of ivag HSV-2-infected LTB-deficient mice. CD4™ T cells were iso-
lated from the sacral lymph node of LTpB-deficient mice, or from the in-
dividual vaginal draining lymph nodes (inguinal, lumbar, or sacral) of WT
mice that have been either infected with HSV-2 ivag for 4 days or mock
infected. The lymph node CD4" T cells were cocultured with irradiated
syngeneic splenocytes in the presence (M) or absence (L) of vira Ags for
3 days, and supernatants were analyzed for IFN-v. The numbersin brackets
indicate the number of mice used in each group in a representative exper-
iment. These data are representative of five similar experiments.
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shown to be severely disrupted in the absence of the LTa3 com-
plex (19), we examined DC migration to the sites of infection and
their subsequent migration into secondary lymphoid tissues fol-
lowing ivag HSV-2 infection. In WT mice, upon vaginal infection
with HSV-2, DCs are recruited to the submucosa of the infected
epithelium by 24 h p.i. (14). There were no significant differences
in the influx of DCs near the HSV-2-infected vaginal epitheliumin
LTB-deficient mice compared with WT control mice (data not
shown). Thus, the migration of DCs into the peripheral tissues in
response to HSV-2 infection was intact in the LT B-deficient mice.

Next, we examined the migration and activation of DCs in the
vaginal draining lymph nodes. DCs from the sacral lymph node of
L TP deficient or from the vaginal draining lymph nodes (inguinal,
lumbar, and sacral) of WT mice were collected at 3 days p.i. Sim-
ilar to DCs within the vaginal draining lymph nodes of WT mice,
asmall percentage (~3%) of the CD11c" CD8«~ DCs within the
LTB-deficient sacral lymph node expressed increased levels of
CD86 at 3 days p.i. (Fig. 4). The CD11c*CD8a CD1lb* DCs
have been shown to mediate CD4" T cell priming following gen-
ital HSV-2 infection (14). These results suggested that the activa
tion and migration of DCs from the site of infection to the draining
lymph node occur in the LTB-deficient mice.

Finaly, the ability of DCs from each of these lymphoid organs
to present in vivo derived viral Ags was examined. HSV -2-specific
CD4" T cells from WT mice were incubated with purified DCs
from the sacral lymph nodes of LTB™/~ or total vagina draining
lymph nodes (inguinal, lumbar, and sacral) of WT mice at 3 days
p.i. in the absence of exogenously added Ags (Fig. 5A). Inthe WT
mice, Ag-presenting DCswere only present in the vaginal draining
lymph nodes and not in the MLN (Fig. 5A). Similarly, IFN-y se-
cretion from HSV-2-specific CD4™ T cells was induced only by
the DCs isolated from the sacral lymph node, but not from the
MLNSs, of the LTB-deficient mice. Upon addition of exogenous
viral Ags, all DCs were found to stimulate IFN-y secretion from
CD4" T cells (Fig. 5B), indicating that Ag-presenting functionsin
genera wereintact in various DC isolates. Therefore, collectively,
these data indicated that the sacral lymph node of the LTB-defi-
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FIGURE 4. Activation of DCsin the LTB-deficient sacral lymph node.
Lymphocytes were isolated from the sacral lymph node of LT S-deficient
mice and vaginal draining lymph nodes of WT mice that were infected ivag
3 dayswith HSV-2 or inoculated with control lysate (mock). Costimulatory
molecule CD86 expression levels were determined by flow cytometry. The
square gate indicates a population of CD11¢*/CD8«~ DCs that expresses
high levels of CD86. This experiment was repeated twice with similar
results.
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FIGURE 5. DCs present vira peptides to CD4" T cells in the sacral
lymph node of LTpB-deficient mice following ivag HSV-2 infection. To
demonstrate the Ag specificity of the T cell responses, DCs were isolated
from the indicated lymph nodes of WT or LT 3-deficient mice either mock
infected or at day 3 HSV-2 infection. |solated DCs were coincubated with
WT HSV-2-specific CD4* T cells in the absence (A) or presence (B) of
exogenously added viral Ags. IFN-vy secretion from CD4* T cells was
measured by ELISA. DLN, vagina draining lymph nodes consisting of
inguinal, lumbar, and sacral nodes. These results are representative of three
similar experiments.

cient mice serves as a site for CD4* T cell activation following
ivag HSV-2 infection.

HSV-2-specific Ig production in LTB-deficient mice

Iliac and inguinal lymph nodes represent the only sites for CD4™
T cell priming following ivag HSV-2 infection in WT mice (12,
14). Although LT B knockout mice had been reported to lack both
of these lymph nodes, a sacral lymph node was discovered (Fig. 1),
and demonstrated to contain Ag-specific CD4™ T cells (Fig. 3) and
DCs presenting viral Ags (Fig. 5). These observations suggested
that normal immune effector responses could be generated in the
LTB-deficient mice. Thus, we examined whether Th-dependent Ig
responses are induced in the LTB-deficient mice following ivag
infection with HSV-2. Consistent with the results obtained with the
individual lymph nodes, the HSV-2-infected LTgB-deficient mice
produced Ag-specific 1gG responses with kinetics and magnitude
similar to that of WT mice (Fig. 6). Similar levels of Ag-specific
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FIGURE 6. HSV-2-specific IgG responses occur in LT B-deficient mice.
Sera were collected from either the splenectomized or intact WT or LTB-
deficient mice at various time points following HSV-2 infection and tested
for HSV-specific 1gG by ELISA. These data are representative of three
separate experiments.
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1gG subtypes and IgA were found in the LTB™'~ and WT mice
(data not shown). Although the LTB-deficient mice lack all PLNSs,
they retain a disorganized spleen. To more specifically illustrate
the contribution of the sacral LN in the Ig responses to genital
HSV-2 infection, LT/~ mice and WT mice were splenecto-
mized. HSV-2-specific 1gG levels were measured in the infected
splenectomized LTB™'~ mice and WT mice at different time
points post-HSV-2 infection, and were compared with those of
intact mice (Fig. 6). This analysis showed that albeit at reduced
levels, 1gG responses occurred even in the absence of spleen in
both the WT and the LTB~/~ mice. Importantly, the reduction in
the IgG levels occurred to asimilar extent in both WT and LTB ™/~
mice as a result of splenectomy. Thus, these results revealed that
the spleen is not necessary for the 1gG responses following HSV-2
infection, and sacral lymph nodein the LTB™/~ mice serves as an
important immune inductive organ in these mice.

Discussion

Studies using knockout animals for a variety of TNF/LT ligand-
receptor members have illustrated the critical roles of these mol-
eculesin lymphoid organ development (4, 6, 8, 20-23). Unlike the
L Ta-deficient mice, the LT B-deficient mice retain their MLNs and
cervical lymph nodes, while LTBR gene-deficient mice are re-
ported to be devoid of al lymph nodes (20). In this study, we
demonstrated that the LTB-deficient mice retain a sacral lymph
node located adjacent to the iliac artery. We further provide the
first demonstration that this sacral lymph node in the LTB-deficient
mice, as well as the sacral lymph node in WT mice, possessed
mucosal characteristics, expressing high levels of MAdCAM-1 on
their HEV's. These observations support the previously suggested
concept that a unique pathway is present for mucosal lymph node
development that is not shared by all other PLNs (1, 24). Our
finding of a sacral lymph node in the LTB-deficient mice is con-
sistent with the role of other factors that can bind to the LTBR,
such as LT homolog, which exhibits inducible expression, com-
petes with HSV glycoprotein D for HveA and is expressed on T
lymphocytes (LIGHT) in the development of mucosal lymph
nodes. In fact, smultaneous disruption of LIGHT and LT also
results in the ablation of the MLN (25). Because LT B-deficient
mice retain only their mucosal lymph nodes, it remains possible
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that factors such as LTa and LIGHT are sufficient for mucosal
lymph node devel opment. Future analysis of the sacral lymph node
in the LTBR gene-deficient mice or the LIGHT-LTB-disrupted
mice will provide further mechanistic insights to the molecular
requirements for the development of this lymph node.

During early embryonic development, HEV's of all lymph nodes
have been shown to express MAdCAM-1. Soon after birth, all
HEVs begin to express PNAd. Whereas PLN HEVs later lose
MAdCAM-1 expression, it is maintained within the MLN (11).
The striking correlation between the MAJCAM-1 expression and
the development of the mucosal lymph nodes suggests that the
factors required to maintain MAdCAM-1 expression on the HEV
are coregulated with those required for lymphoid organogenesis.

Although the aspects of lymphoid organogenesis have been well
characterized in mice genetically lacking a member of the TNF/LT
families, the role of the remaining lymphoid structures in the gen-
eration and maintenance of immunity in these mice is unclear. In
this study, we provide the first demonstration that a lymph node
present in the LTB ™/~ mice can serve as a site for CD4" T cell
activation following a genital viral infection. Significant levels of
IFN-vy were secreted by the CD4™ T cells isolated from the sacral
lymph node of the HSV-2-infected LTB~/~ mice (Fig. 3), indi-
cating that strong Thl responses are generated in these mice
against a viral pathogen. This level of IFN-vy secretion was con-
sistent with the Ag-presenting activities of the DCs found in the
LTB'~ sacral lymph nodes (Fig. 5).

Conflicting data exist for the ability of LTB-deficient mice to
elicit Ag-specific 1g. The LTB-deficient mice lack follicular DCs
(FDCs) that are thought to play an important role in Ig responses
by retaining Ag-lg complexes to aid in affinity maturation and B
cell memory (4, 8). In this study, we demonstrated the ability of the
LTB-deficient mice to mount HSV-2-specific 1gG responses that
are similar in kinetics, isotypes, and magnitude to WT mice fol-
lowing ivag HSV-2 infection. Furthermore, significant 1gG re-
sponses were generated in the absence of the spleen. Previous stud-
ies have shown that LT 3-deficient mice have reduced or negligible
isotype switching following i.p. administration of sheep RBC, yet
showed near normal isotype switching following i.p. nitrophenol-
haptenated chicken y globulin absorbed in alum (4). Thus, the
ability of the LTB-deficient mice to produce Ag-specific IgG may
depend on several factors, including the route of administration,
the type of Ag, and the presence of adjuvants. It is possible that Ag
persistence or repeated immunizations overcome the requirement
for the germinal center and FDCs to generate an effective humoral
response (26). Besides simple Ag persistence, the presence of mi-
crobial signals present either in the adjuvant or in the infectious
agents might induce activation of DCs and Th responses that are
adequately generated in the LTS/~ mice. This theory would ac-
count for the differences observed in the Ig responses in the
LTB~ mice when using protein Ags (4) vs infectious agents,
such as in this study. Thus, the germinal center/FDC complex
might be important to support affinity maturation when the Ag is
present transiently without microbial stimuli (protein Ag), al-
though it is not required for Ags that are long-lived and/or infec-
tious (presence of adjuvant or infectious agents).

Our study characterized the phenotype and function of a sacra
lymph node in the LT B-deficient mice. We demonstrated that this
lymph node displayed MAdCAM-1 on the HEVs and played arole
in immune induction following ivag HSV-2 infection. Further-
more, we show that the sacral lymph node in WT mice expresses
MAdCAM-1, suggesting that it may serve a unique function in the
generation of mucosal immunity compared with the lumbar lymph
nodes, which exhibit a PLN phenotype. Future studies will be
needed to address the differences in the behavior of lymphocytes
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generated among the lymph nodes draining the vaginal mucosa in
providing protective immunity to sexually transmitted pathogens.
In conclusion, while LT and TNF may provide critical signals
required in organization and maintenance of secondary lymphoid
organs, neither proper T/B organization nor FDCs were required
within the LT 3-deficient mice for the generation of Thl and 1gG
responses following genital HSV-2 infection.
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