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The present study was undertaken to determine 
whether mouse  follicular dendritic cells (FDC) bear 
FctRII  (CD23) and whether IgE-immune  complexes 
are retained by  FDC.  Mouse  FctRII was  localized by 
both L and electron microscopy using the mAb 
B3B4.  In lymph nodes of normal mice, FctRII was 
low but detectable on FDC.  By 14 days  after Nippos- 
trongylus brasiliensis infection, the level of  FctRII 
increased on B lymphocytes located in the cortex of 
draining mesenteric lymph  nodes.  However, the 
FctRII level on FDC remained low. Although  numer- 
ous IgE-producing  plasma cells were seen at  day 14, 
very little IgE was associated with FDC.  By 26 days 
after infection, FctRII was  observed on FDC in in- 
creased levels and IgE binding  was clearly associ- 
ated with FDC. Unexpectedly, FDC  of control mice 
immunized  with  albumin  in CFA to elicit an IgG 
response showed intense labeling  for FctRII.  In con- 
trast,  the B cells exhibited  very little FctRII. IgE 
immune  complexes  were  observed  in association 
with FDC in the CFA-immunized  mice.  When  mice 
were  given a hapten-specific monoclonal of the IgE 
isotype, hapten carrier complexes  were trapped and 
retained on  FccRII-bearing  FDC.  In conclusion, FDC 
were clearly one of the major murine cell types 
bearing FctRII. IgE immune  complexes  were  found 
in association with FDC and FctRII appeared to play 
a major  role  in trapping and retaining IgE immune 
complexes. FDC  FctRII was subject to regulatory 
control, but the FctRII level on FDC was regulated 
very  differently  from the FctRII level on B cells. 

The low affinity FcR for IgE (FctRII or CD23) is dis- 
tinctly  different from the high  affinity FcR for IgE  (FctR1) 
on mast cells (1-3). This molecule may play important 
roles not only in  binding IgE but also as a  factor involved 
in B cell (and  perhaps T cell (4)) proliferation and differ- 
entiation (2). In humans, FctRII may be found on a variety 
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of cell types  including FDC3 (1, 3-15).  Several  recent 
reports  indicate that  human FDC, which are located in 
germinal  centers of secondary lymphoid tissues like mu- 
rine FDC. may bear high amounts of  FccRII (2, 13-15). 
In mice, only B cells are known to  be clearly reactive with 
the FctRlI-specific mAb B3B4 (9, 11). However, there is 
no information on FctRII on mouse FDC or on the ability 
of FDC to bind IgE-immune complexes in this well defined 
experimental model. 

We reasoned that mouse FDC might express FctRII 
when  stimulated to produce high levels of  IgE and  that 
the receptor might be functional  in  binding  and  retaining 
IgE immune complexes. In our  study we tested this hy- 
pothesis by infecting mice with Nb to elicit production of 
high levels of IgE. The  results confirmed that mouse B 
cells bear FctRII and  that FctRII is markedly up-regulated 
on B cells from Nb-infected mice shortly after  the time 
when IL-4 is known to be produced (1 6). We also discov- 
ered that FDC in  normal mice bore low levels of FctRII. 
Mice infected with Nb did have  increased levels of FctRII 
on their FDC but not until  late  in  the response and  this 
increase did not correlate  with the peak production of IL- 
4 or IgE that occurs  much  earlier (1 6). Quite unexpect- 
edly, control mice immunized with albumins  in CFA to 
induce an  IgG-dominated response,  had  remarkably high 
levels of FctRII on FDC. Furthermore,  this FDtRII is ca- 
pable of binding and retained IgE immune complexes. 
However, the B cells of these mice immunized using CFA 
bore very little FctRII. Clearly, FDC in mice can  bear 
FctRII and it may be present in high levels; however, 
FctRII appears to be regulated very differently on mouse 
FDC than on mouse B cells. 

MATERIALS AND METHODS 

Mice. C3H/He, BALB/c, and CAF-1 mice were  purchased  from 
Charles River Breeding Laboratories Inc. [Wilmington, MA) or The 
Jackson Laboratory (Bar Harbor, ME). The  animals were  kept in 
standard cages and iven food and  water ad libitum.  Animals receiv- 
ing  injections  with d 51-HSA were given water  containing KI (600 mg/ 
liter) a few days before challenge and  maintained on this  water to 
minimize uptake of radioactivity in the thyroid. As a further  safety. 
the  animals were given 200 pl isotonic KI 16 to  18 h before challenge 
with  radioactive Ag. 

Ag. Crystalized HSA or egg albumin (OVA) was used in  native 
form,  heat aggregated (17) or for certain  experiments HSA was 
derivitized with TNP (18). In our experience the  heat aggregation 
induces a better antibody response  against HSA. For some  experi- 
ments  the HSA or TNP-HSA was radioiodinated using  the chlora- 
mine-T  method to 10-20 pCi/pg (1 9). 

Infection with Nb. Nb was  maintained as previously described by 
Huff and  Justice  (20). BALB/c mice were  infected  with Nb  by a  single 

Abbreviations  used in this paper: FDC, follicular dendritic cells: HSA. 
human serum albumin: Nb, Nippostrongylus brasillensls. 
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S.C. injection of 1000 L 3  infective larvae  and were killed at  various 
times  after injection and  their  mesenteric lymph  nodes  excised. 

the  nape of the  neck with  1 mg of a n  Ag (HSA or OVA) in CFA. Then 
Active immunization. Initially animals were injected S.C.  behind 

2 wk later,  the mice were boosted in  the footpads and behind the 
neck  with 500 pg of Ag in CFA. Approximately 1 mo later,  the mice 
were either used  without further boosting (i.e.,  day 0 lymph  nodes) 
or given a  second  booster  injection (20 pg) without CFA in  each 
footpads and behind the  neck.  The  draining lymph  nodes  (popliteal. 
inguinal, axillary, brachial,  and cervical)  were  obtained  from groups 
of three mice at  1, 3, 5, and 9 days  and 4 mo after  antigenic 
challenge. 

Passive  immunization. Ag trapping by  FDC is  dependent on im- 
mune complex formation  and some mice were given passive  antibody 
before immunization  to  study localization of immune complexes on 
FDC. Serum from animals immunized with HSA using CFA to give a 
dominant IgG response or anti-DNP mAb of the IgE isotype  were 
used.  Passive immunization with serum antibody was done by in- 
jecting 0.75 ml of HSA-specific rabbit  antisera i.p.  1  day before the 
injection of  Ag. Passive immunization  with monoclonal anti-DNP 

just before injecting Ag. The amount of  IgE monoclonal  in the total 
was done by injecting 40  to 100 pg directly into  the  hind foot pad 

animal  using  this passive immunization procedure was clearly small 
(serum  titers  <75 pg/ml) and  to  generate high levels of  DNP and TNP 
reactive  anti-IgE, mice received injections  with the heteroclytic c- 
anti DNP-producing hybridoma H1 DNP-r-26.82 obtained  from F. T. 
Liu (21).  The mice were prepared by an i.p.  injection of 0.5 ml 

oma  cells.  Within 1 wk IgE reactive  with TNP could be detected in 
Pristane  13  and 3 days before the i.p.  injection of 1.5 X lo6 hybrid- 

the  serum  and  the mice developed ascites,  but  the degree of abdom- 
inal  enlargement  was  variable from animal  to  animal. By 10  days 
the IgE serum  titers varied widely but typically ranged  from 0.1 to 
1.0 mg/ml. The radiolabeled TNP derivatized  immunogen  used to 

after injecting the hybridoma  cells. Mice received injections with 5 
study  immune complex localization on FDC was injected 7 to 10  days 

pg of HSA in  the footpads and  behind neck. The  draining lymph 
nodes  were excised between days 1 and 5 after Ag administration. 

Antibodies.  The mAb used  in this  study  are listed in Table I. Each 
antibody was diluted  with Dulbecco’s modified PBS containing 1 % 

for  nonspecific binding  to FDC. 
BSA. Mac-2, anti-Thy-1.2, and  normal  rat IgG were  used as  controls 

Imrnunoperoxidase  labelingfor  light microscopy.  Cryostat sec- 
tions were  prepared from  draining  and  nondraining lymph  nodes. 
The  sections were air-dried for 3 to 5 h. fixed using  absolute  acetone 
for  10  min  at  ambient  temperature,  and rinsed three  times with 
PBS, pH 7.4. Endogenous  peroxidase  activity was blocked by incu- 
bating  the  sections in 5 mM periodate  solution (no.  p-7875, Sigma 
Chemical Co., St. Louis, MO) for 20 min at room temperature.  The 
sections were rlnsed  with PBS three  times  and  incubated in 5% BSA 
for a t  least  1  h to  inhibit nonspecific  binding of antibodies. Sections 
were incubated overnight a t  4°C in  optimally  diluted  primary anti- 
body (Table I), rinsed  three  times (-3 minlrinse)  using PBS. and 
incubated  with peroxidase  conjugated affinity purified F(ab’)z frag- 
ments of mouse anti-rat IgG (H and L chain specific] a t  a 1/100 
dilution (no.  212-036-082,  Jackson ImmunoReseach  Lab., West 

Grove, PA or no. 756304-1, Pel-Freez Biologicals, Rogers, AK). The 
sections were washed twice in PBS for 3 min followed by a wash in 
0.1 M cacodylate buffer, pH 7.4,  and  incubated  in  0.03% 
3.3’diaminobenzidine (no. D-5637,  Sigma)  solution  in 0.1 M caco- 
dylate buffer  with  0.01 % Hz02 for development of peroxidase activity 
as described by Graham  and Karnovsky (26). After an overnight 
incubation in 0.5% methyl  green to counterstain,  the sections were 
dehydrated in a graded series of ethanols, cleared  in  xylene, and 
mounted with Permount (Fisher Scientific Co., Fair  Lawn, N J )  for 
light microscopy. Antibodies of the  same isotype as B3B4 but of 
inappropriate specificity  (see  Table I) were used a s  controls. In 
addition, sections were  examined  for  reactivity  with  secondary an- 
tibodies  alone and endogenous  peroxidase  activity. 

Immunoperoxidase  staining  for  electron microscopy. To evalu- 
ate cellular  labeling  with B3B4 at  greater resolution, tissues were 
prepared  for  electron microscopy. Actively immunized C3H mice (day 
5 and 9 after challenge) received intracardiac perfusion  with 50 ml 
of warmed  heparinized  Ringer’s  solution followed by 50 ml of fixative 
(periodate-lysine-4%  paraformaldehyde  solution) (27). The draining 

excised and  further fixed by immersion in  the  same fixative for 6 to 
lymph nodes  [popliteal,  axillary. and  brachial lymph nodes) were 

10 h on ice. The lymph  nodes  were then washed  overnight  in PBS. 
embedded in 4% Noble agar,  and sectioned at  50-rm  thickness with 
an Oxford Vibratome  Sectioning  System. To block the endogenous 
peroxidase  activity, the  sections were incubated in 5 mM periodate 

washes  in PBS, the  sections were incubated  overnight a t  4°C in 5% 
solution for  20 min at  ambient  temperature. After three  2-min 

tions were then  incubated for 24  to  48 h at 4°C in the mAb, antibod- 
BSA-PBS solution to  inhibit nonspecific  binding of antibodies.  Sec- 

ies of inappropriate specificity or PBS (controls to check for nonspe- 
cific binding and endogenous  peroxidase  activity). After washing for 
6 to 12 h  in PBS, the  sections were then  incubated for 24 h at  4°C 
with the peroxidase conjugated secondary  antibodies. After 12 to 24 

taraldehyde solution for  20 min at 4°C. They were washed 12 to 24 
h washing  in PBS, the  sections were further fixed using 1 .O% glu- 

h in PBS, incubated with 0.03% DAB in 0.1 M cacodylate  buffer  for 
I h a t  ambient  temperature  and  then  for  an additional 0.5 h in the 
presence of 0.01% Hz02 to develop peroxidase activity. To select 
appropriate  areas for  electron microscopy, the  sections were initially 
mounted in  buffer on glass slides and examined by light microscopy. 
The slides  were subsequently disassembled and  the  appropriate 
areas were cut  out, postfixed in 2%  Os04 in 0.1M cacodylate buffer 
for  4  h at  4°C dehydrated  in a graded series of ethanols  and  em- 
bedded in Polybed 812 (Polyscience, Carrington, PA) on vinyl slides 
(no.  144-06686, A.  H. Thomas, Philadelphia. PA). After polymeriz- 
ing. the  specimens were cut  out  and mounted  on blank epoxy stubs 
for  ultramicrotomy  on  a LKB 2128. Unstained ultra  thin  sections 
were examined at  60KV on a Zeiss IOCA electron microscope. 

Iz5I-HSA or ’251-TNP-HSA, their draining popliteal and inguinal 
Autoradiography.  Three days after mice received injections with 

lymph nodes  were removed and frozen  in O.C.T. compound. The 6- 
pm thick  cryostat  sections were prepared and placed on  gelatin- 
coated slides  (prepared by dipping  clean microscope slides  in 0.5% 
gelatin  solution and drying vertically in a 60°C oven).  The sections 
were fixed by immersion  in absolute  acetone for 10 min followed  by 

TABLE I 
Characteristics of mAb used 

Antibodies 
(Clones] 

8384 Rat IgG2a  Mouse  FcrRII 1/10-1/50 Dr. Conrad 9. 11  

2.462 Rat  IgGl  Mouse  FcyRII 1120-1/50 Dr. Unkeless  22 

lsotype Worklng 
Dllution Reactivity Source Reference 

MK-1 Rat IgG2a  Mouse  FDC,  ATC 
HEV etc. 

1/10-1/50 a 

R35-92 Rat IgG 1 Mouse IgE 1/50 PharMingen 

81E3 Rat IgG 1 Mouse IgE (Cc4) 1/50 Dr. Conrad 23 

23G3  Rat IgG 1 Mouse IgE (Cr3) 1/20 Dr. Conrad 23 

R1E4 Rat IgG2a Mouse  IgE (Cr3) 1/20 Dr. Conrad 23 

Mac-2  Rat IgG2a Subsets of mouse 1/10-1/20 
macrophages 

24 

53-2.1 Rat IgG2a  Mouse Thy-1.2 Ag 1/50 PharMingen 25 
(Rm-Thy- 1 A) 

follicular dendritic cells. Manuscript in preparation. 
“Maeda. K., M. H. Kosco, G. F. Burton, A. K. Szakal, and J. G .  Tew. A monoclonal antibody reactive  with  mouse 
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air  drying. Localization of radiolabled Ag in the  section  was detected 
by using Kodak's NTB3 emulsion.  The  emulsion  was exposed for 1 
wk at 4°C in boxes  containing  small  packets of silica gel crystals  to 
absorb moisture and  then developed  in D- 19 developer at 19°C for 6 
mln.  rlnsed.  and fixed  in Kodak Flxer for 10 mln  at 19°C and allowed 
to dry at room temperature  in a vertical position.  Finally the  sections 
were  counterstalned  with  methyl green  and  examined  uslng light 
microscopy. The  grains in the  emulsion over the  sections were most 
easily  seen  uslng a dark field condenser  and  the localization of the 
retained Ag was most apparent. 

RESULTS 

Distribution of  FccRII and IgE in  mesenteric lymph 
nodes of Nb-infected mice. The major hypothesis  to be 
tested was  that infection  with Nb would lead to high 
levels of  FccRII on mouse B cells and FDC.  In normal mice 
some areas in the  outer  cortex of mesenteric lymph nodes 
could be found that were clearly FccRII positive (Fig. la). 
However, most areas  in  the  outer cortex were weak to 
negative and  this  was generally the  case  in  other lymph 
nodes like the popliteal. The FDC in normal mice were 
not negative but FccRII labeling was very weak compared 
with the most reactive B cells (Fig. la). Labeling of an  
adjacent  section  with 2.402 ((anti-FcyRII) that is present 
at very high levels on FDC) revealed the  extent of the 
FDC-reticulum or  network  made up by the FDC and  their 
processes. The  next  section in the  series (Fig. IC) was 
labeled with anti-IgE and it appeared that  the immune 
complexes associated  with the FDC-reticulum contained 
a  detectable  but low  level of  IgE. 

By 2 wk after injecting Nb, a dramatic  enlargement of 
the mesenteric lymph nodes was  apparent  and  numerous 
well  developed germinal centers were seen. Immunohis- 
tochemistry  using B3B4 revealed that  the FccRII level had 
clearly increased. Numerous B cells in the  outer cortex 
bore high levels of  FccRII but  the light zone (FDC area) of 
the germinal center  was still only weakly labeled (Fig. 
2a). Despite the weak labeling of  FDC with B3B4. 2.4C2 
showed an intense  reticular  labeling  in  the light zone of 
these well  developed germinal  centers  indicating FDC 
were present (Fig. 2b).  The location of  FDC was  also 
confirmed using MK-1 that  also labels FDC intensely  (data 
not  shown). Labeling of  FDC in  germinal centers with 
anti-IgE mAb was  difficult  suggesting that very little IgE 
immune complex was being retained (Fig. 2c). Neverthe- 
less, IgE was  present  in  the lymph node as  indicated by 
the presence of numerous IgE producing plasma cells in 
the cortex and medulla (Fig. 2c). With time the intensity 

of  FccRII labeling on FDC increased and by 26  days  after 
infection the FDC were clearly labeled (locate FDC area 
in Fig. 3b  and compare with Fig. 3a). This coincided with 
an increase in IgE localization on FDC (Fig. 3c). In poplit- 
eal,  brachial,  axillary,  inguinal,  and cervical lymph nodes 
of Nb-infected mice, only a few small  germinal  centers 
and primary follicles were observed. In these follicles FDC 
were only weakly labeled with B3B4 and very little if any 
IgE was localized to the FDC. 

Distribution of FccRII and IgE  in draining  lymph 
nodes of mice  actively  immunized  using CFA. A s  a 
control to be contrasted with the IgE-dominated response 
induced by  Nb,  mice were immunized with OVA or HSA 
in CFA to elicit an IgG-dominated response. Indeed levels 
of albumin-specific IgC were in the range of 1 to 3 mg/ 
ml serum.  The  serum IgE levels were also slightly elevated 
in CFA immune mice-490 ng IgE/ml average in normal 
mice vs 800 ng IgE/ml average in  CFA-immunized  mice. 
In contrast, Nb infection elicits 10 to 100 times  these 
background levels of serum IgE. The  draining popliteal 
lymph nodes from these  animals immunized in the hind 
feet with CFA displayed several (3 to 7). well-developed 
germinal centers in their cortical areas. Surprisingly. 
histochemistry  with B3B4 revealed an intense  reticular 
labeling in the light zone of the germinal centers  indicat- 
ing that high levels of FctRlI were present on FDC (Fig. 
4a).  This  interpretation  was supported by the  fact that 
the labeling pattern corresponded with the  2.402  pattern 
and  an obvious localization of  IgE (Fig. 4, b and c) .  In 
contrast,  the small lymphocytes in the  mantle zone and 
interfollicular areas were only weakly labeled and B lym- 
phocytes in the  dark zones of germinal  centers  appeared 
negative. This  pattern  was  present from day 3 to 9 and 
even  4 mo after challenge the  same  pattern  was still 
apparent although the intensity of  FDC labeling was 
reduced. 

Four different mAb against mouse IgE (R35-92, B 1E3. 
2303.  and RlE4) were used and all antibodies revealed 
the  same FDC localization pattern  that corresponded to 
labeling with B3B4.  In addition to FDC. many  scattered 
plasma cells in  the medulla of draining lymph nodes were 
labeled indicating production of  IgE (Fig.3~). The reactiv- 
ity with R1E4 was especially interesting  because  it  binds 
an epitope on IgE that would not be available if it were 
bound to FccRII. Apparently, the IgE is part of the immune 
complex mass retained by the FDC but not all IgE is 

cells In the folllcles of a normal mesenteric 
Ffgure 1.  FctRII.  FcyRII. and IgE on 

lymph node. These light  micrographs show 
the Immunoreactivity of B3B4 (a).  2.462 
(b) .  and antl-mouse IgE (c )  in serial sec- 
tlons. Note the B3B4 labellng for FctRII on 
the small lymphocytes located In the man- 
tle zone and interfollicuiar areas and the 
very falnt reticular  reactlvlty In the FDC 
area  (Ilght zone of germlnal center (CC) 
Indlcated  by arrows). In contrast. 2.4G2 
labels FcyRlI on FDC intensely (arrows) In 
b. IgE in c was very faint on cells in the 
FDC area of the germlnal center (arrows). 
However, IgE was locallzed to some plasma 
cells. generally outside the folllcles (arrow- 
heads). lndlcatlng that the IgE-speciflc  la- 
b e l  was worklng. Thls example Is typical of 
folllcles in three anlmals. (Indirect Immu- 
noperoxidase stalning. counterstalned by 
methyl-green. a. b. and c. X130.) 
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Figure 2. FctRlI. FcyRlI. and 1gE on cells 
in  the folllcles of the  mesenterlc  lymph  node 
of a  mouse  14  days  after  Infectlon  with Nb. 
The light mlcrographs  show  the  typical  im- 
munoreactlvity of B3B4 wlth FctRlI (a) .  
2.4G2  reactlve  wlth FcyRll (b). and  antl- 
mouse IgE (c) In serlal  sectlons. Note the 

cytes located In the  mantle zone and Inter- 
Intense B3B4 labellng of the  small  lympho- 

follicular areas  but not in the "FDC" area In 
the light zone of the  germlnal  center  (Indl- 
cated by arrows). In contrast,  2.462 In- 
tensely  labels FDC (arrows) In b. 1gE In c 

the  germinal  center (arrows). However, IgE 
was very falnt on cells In the FDC area of 

generally  out  slde the folllcle (arrowheads). 
was localized to  numerous  plasma  cells, 

indicating  that  the IgE specific  label  was 
worklng.  Thls  example Is typlcal of follicles 
from  four  animals. (a .  b. and c. X120.) 

cells In the folllcles of the  mesenteric 
FIgure3. FctRII. FcyRII. and IgE on 

lymph node of a mouse 26  days  after Infec- 
tion with Nb. The llght micrographs  show 
the  typical  immunoreactlvlty of 8384 for 

and  antl-mouse 1gE (c) in serlal  sectlons. 
FceRIl (a) .  2.462 reactive wlth FcyRIl (b). 

Note the  Intense  labellng of the  small lym- 
phocytes located In the  mantle zone In a. 
However. a s  lndlcated by the localizatlon of 
FDC in b by the FcyRll labellng. the FDC 
In a bear FctRlI. IgE Is now clearly locallzed 
to  the FDC area (arrows) a s  well as to a 

generallyoutslde  the follicle (arrowheads). 
number of scattered  plasma  cells  that  are 

This example Is typical of three  anlmals. 
(a.  b. and c. X100.) 

cells In the folllcles of the  dralnlng popliteal 
Figure4. FctRII. FcyRII. and IgE on 

lymph node of an  actlvely  lmmunlzed 

with HSA. The llght mlcrographs  show  the 
mouse 9 days  after  secondary  challenge 

typical lmmunoreactlvity of  B3B4 for 
FcfRIl (a). 2.462  for FcyRlI (b )  and  antl- 

animals  Immunlzed  using CFA.  Note the 
mouse IgE (c) In serial  sections of these 

Intense B3B4 labelllng In the FDC area of 
a (arrows) and  the relatlvely  llghter  label- 

the FDC area.  Dlstlnct IgE accumulations 
Ing on the  small  lymphocytes  surrounding 

are  apparent In the FDC area (arrows) and 
several  scattered  plasma  cells  were  also 
seen  outslde  the folllcle (arrowheads) (c) .  
Thls  example Is typical of folllcles from 12 
animals. (a .  b. and c. X80). 

e 

4a 
. .  

associated  with FcR. 
Active immunization  with CFA appeared  to  increase 

the typical background level of  FccRII on FDC in  the 
nondraining  mesenteric  lymph  nodes (Fig. 5). The B cells 
in  most follicles contained  comparatively low levels of 
FccRII. However. the B cells a few  follicles of the  mesen- 
teric  lymph  nodes  contained  relatively  high levels of 
FccRII and  the follicle shown  in  Figure 5 was selected  to 

4b . 

illustrate  that relatively  high  levels of  FccRII can be on 
FDC and B cells  in the  same follicle at  the  same  time. 
Nevertheless, the  general  lack of correlation  between the 
FccRII on B cells and FDC suggests  that  the  mechanism 
for  inducing  this  receptor is probably  different  in the two 
cell types. IgE was  also localized on the FDC in  these 
mesenteric  lymph  nodes  although relatively few IRE pro- 
ducing  plasma  cells  were  present. 
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in the folllcles of the nondrainlng mesen- 
Figure 5. FctRII.  FcyRII. and IgE on cells 

teric  lymph node of an actively lmmunlzed 
mouse 9 days  after secondary challenge 
with HSA. The light mlcrographs show  the 
typlcal lmmunoreactivltyof B3B4 [a). 2.4G2 
(b) and antl-mouse IgE (c)  In serlal sections. 
Note the B3B4 labeling of the small lympho- 
cytes located in the mantle zone. The FDC 
also appeared to bear FctRII but bear much 
less than the B cells (a. b. and c. X 120.) 

Distribution of FccRII and IgE in lymph  nodes of 
passively  immunized  mice. To determine if the  presence 
of immune complexes alone would up-regulate FccRIl, 
mice were passively immunized and challenged  with 
HSA. Histochemistry revealed that  the FccRII level on 
FDC in the  draining lymph nodes of these mice was 
indistinguishable from the normal  controls. It would ap- 
pear that memory cells  with  their  lymphokine  producing 
potential are involved in  the up-regulation of  FccRII on 
FDC. 

Follicular localization of Ag in mice  passively  immu- 
nized  with IgE mAb. IgE localization always  correlated 
with FDC-bearing FccRII and  this  result is consistent  with 
the concept that FceRII may play a major role in binding 
and  retaining IgE immune complexes. However, specific 
1gG was  present in the  systems studied and we reasoned 
that  the  actual Ag retention by the FDC might be me- 
diated by IgG. The IgE was clearly  a part of the  immune 
complex but  the FDC may not bind IgE Fc or  such  binding 
could simply be of no  significance in the  retention of the 
complex. To check  this more rigorously, we passively 
immunized mice with  varying amounts of the IgE mAb 
reactive  with the  hapten TNP. TNP-derivitized protein 
was injected but little if any Ag retention  was  apparent 
on FDC. Our major concern  was  whether we had  enough 
IgE in the  draining lymph node to maintain Ag on FDC 
over the 3-day period  we allowed to  get  clearance of Ag 
from the macrophages. To circumvent  this problem we 
injected the hybridoma  cells  to get a  high level of  1gE 
circulating  throughout the  animals.  Then 7 to 10  days 
later, '2sI-labeled TNP HSA was injected into  the  hind 
foot pads and 3 days  later  the  draining popliteal lymph 
nodes were collected, sectioned, and  set  up for autoradi- 
ography.  Four of six  animals primed by injecting CFA to 
get expression of  FceRlI on FDC had  clear and convincing 
localization of TNP-HSA when given the hybridoma  cells 
(Fig. 6a) .  In contrast,  none of the  14  controls  run in this 
experiment, or a large number of animals used in pre- 
vious experiments  when IgE was simply passively trans- 
ferred, showed localization (Fig. 6b) .  The  controls for this 
study included: six animals injected with I2'I-HSA not 
conjugated to hapten, two animals given the hybridoma 
but not given CFA to  induce FccRIl on FDC, two CFA- 
treated  animals  not given the hybridoma  cells, and four 
animals receiving injections  with B3B4 before Ag to block 
binding of the  immune complex. 

Electron  microscopy. To confirm that it was indeed 
the FDC that bore FccRII. the reactivity of B3B4 was 
examined at  the  ultrastructural level. Draining popliteal 
lymph nodes were taken 7 and 9 days  after  antigenic 
challenge of HSA immune mice. Morphologically a typical 
FDC can be recognized by its  indented or lobated euchro- 
matic  nucleus,  prominent  nucleolus,  scanty  cytoplasm 
with  scattered  mitochondria and highly convoluted den- 
dritic  processes (Fig. 7). In the  central portion of the light 
zone of the germinal  center, B3B4 labeled the cell mem- 
branes of  FDC intensely  and  the well developed convo- 
luted  processes  were  most  intensely labeled (Fig. 7). The 
surrounding  germinal  center lymphocytes  appeared to be 
negative. In contrast,  at  the peripheral portion of the light 
zone, FDC were not labeled around  the cell  body but  the 
cytoplasmic  processes that retain  immune complexes 
were still labeled (Fig. 8a) .  A lymphocyte with the typical 
B3B4 labeling around  the cell body is included for com- 
parison (Fig. 8b) .  

DISCUSSION 

The  hypothesis  that mouse FDC bear FccRII and  that 
Nb infection  leads to up-regulation of mouse FccRll was 
supported by the  results reported here. However, the 
increased level of FccRlI on FDC occurred  late  in the 
response elicited by  Nb and did not correlate  with FccRll 
levels on B cells. The most remarkable  finding in the 
present  study  was the unanticipated high level of FccRll 
on FDC in  draining lymph nodes of mice immunized  with 
CFA for an  IgG response  and  the  contrast with B cells 
which displayed very little FceRll. Clearly both  mouse B 
cells and FDC can display  different levels of FccRll and 
the regulation of  FccRIl levels was very different  in  the 
two cells. Presumably, IL-4 was produced in the  draining 
mesenteric lymph nodes of Nb-infected mice and helped 
induced  expression of the FceRll  by the B cells. Work 
using  this Nb model has shown that IL-4 production by 
cells in the  mesenteric lymph node peaks at  8 days  after 
infection and IL-4 production continues at day 11 but by 
day 14  and beyond. IL-4 production is at background 
levels (1 6). The  increased level of  FccRlI on B cells by day 
14 is consistent  with  the production of IL-4 a few days 
earlier. In contrast.  the  late increased level of FceRll on 
FDC is not easy  to  explain if IL-4 alone were the  inducer. 
Clearly. the regulatory events  that led to the high levels 
of FccRll on  mouse B cells by day 14 did not  result  in high 
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Figure& Follicular localization of  IgE im- 
mune  complexes in lymph  nodes of mice with 
high levels of FctRII on FDC. These  autoradi- 
ographs were obtained  using  sections of popliteal 
lymph  nodes from CFA immune mice injected 
with "'I-TNP HSA after  passive  immunization 
with  a  TNP-reactive IgE mAb. The  grains in the 
emulslon  and  the  follicular localization were more 
easily  seen  using dark field than bright field mi- 
croscopy. Note the localization of the  radiolabeled 
Ag within follicles in a and  the lack of follicular 
localization in b. Both animals  were CFA immu- 
nized and injected with '"I-TNP-HSA but  the  an- 
imal used in b was injected with R3R4 to block 
the FctRll receptor 2 h  before  challenge  with  the 
radioactive TNP-HSA. These  results  are  typical of 
animals  exhibiting  follicular localization of Ag 
and  controls  larking IgE mediated Ag localization. 
(a  and b. X 150.) 

onstrating B3B4 labeling in the  germinal 
Flgure 7. An electron micrograph  dem- 

center of a  draining  lymph node from an 
HSA actively  immune  mouse 5 days  after 
booster  immunization. An FIX cell body is 
apparent  with  the typical euchromatic nu- 
cleus  and  dendritic  process  extending 
among  surrounding  lymphocytes.  The  elec- 
tron-dense (black) labeling on the FDC 
plasma  membrane  indicates  the  binding of 
B3B4 (arrows). The  free  surfaces of the 
lymphocytes in the  area  appear  negative. 
(Non counterstained, X8300.) 

L' 

levels of FctRII on FDC in  the  same  area. Conversely,  in 
mice  immunized  with CFA the FDC had  remarkable  levels 
of FctRII although  the B cells  had low to  undetectable 
levels of FccRII. 

The  correlation  between  FDC-associated IgE and  the 
presence of FctRII was  striking  and  consistent  with  the 
concept  that FctRII may  be  important  in  retaining  im- 
mune  complexes in IgE responses.  Furthermore,  the  ex- 
periments  using  the IgE mAb  reactive  with TNP indicate 
that IgE immune  complexes  can  be  both  trapped  and 
retained by  FctRII-bearing FDC (Fig. 6). The  reason  why 
we  were  unable  to  find IgE immune  complexes localized 
on two of the  six  animals  in  the  experimental  group is 
unknown  but  may  relate  to  the Ag-antibody  ratio of the 
immune  complexes  formed  in vivo. This  ratio would  de- 
pend  on the  growth  and  secretion of IgE by the  hybridoma 
and would  probably  have  been  different  in  each of the 
six  animals.  Retention of IgC immune  complexes is facil- 
itated by complement  activation  and  the  deposition of 

C3b  in  the  immune  complexes (28). We would not  expect 
IgE immune  complexes  to  fix  complement  and  togenerate 
C3b to assist  in FDC-mediated immune complex trapping 
and  retention.  Therefore,  trapping  and  retention of  IgE 
immune  complexes by FDC may  be  more  difficult  and 
less  consistent  than  the  trapping  and  retention of IgG 
immune complexes. IgE immune complex retention  ap- 
pears  to involve other  features of the FDC beyond the 
simple  presence of FctRII. This  comment is prompted by 
the  observation  that IgE immune complexes  were  clearly 
retained on FDC but  were  not  apparent  on B cells  with 
similar or even  greater levels of FctRII. The  results with 
RlE4 indicate  that  not all of the IRE molecules  in the FDC- 
associated  immune  complexes  were  associated  with 
FctRII receptors.  This  conclusion is based  on  the  speci- 
ficity of  R1E4 for an  epitope of  IgE that would not  be 
available if all IgE were  bound to FctRII. It is possible that 
the IgE in the  retained  immune complex  could  provide  a 
signal  for  the FDC to  express  more FctRlI because IgE 
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onstrating B3B4 labeling of an  FDC located 
Figure 8. An electron micrograph  dem- 

in the peripheral portion of the  germinal 
center ( a )  and a  lymphocyte located in the 
mantle zone (b). The FDC has  the typical 
morphology but  the  reactivity  with B3B4 
is only  apparent on the  dendritic  processes 
emanating  toward  the  center of the ger- 
minal  center (arrows). No distlnct  labeling 

cell body. Compare the FDC labeling  with 
is seen on the  peripheral  side of the FDC 

old cell (*, b).  (Noncounterstained. a. 
labelingon theentiresurfaceofthelymph- 

X6.000: b. X1 1 .OOO.) 

immune complexes are known  to  upregulate FctRII on 
other cells (29). It may also be possible that FctRII on FDC 
may  help  stimulate B cells (2) and  this may be more 
important than  its role in the  retention of  IgE immune 
complexes. 

FDC and B cells  were the only cell types obviously 
recognized by the FctRII-specific B3B4 mAb in murine 
lymphoid tissues. However, the existence of a small  num- 
ber of T cells. macrophages,  or other cells  bearing FctRII 
has not  been ruled out. Clearly a variety of human cell 
types  bear FccRII and  there  are  reports of FctRII on  other 
cells  in the mouse (1. 3, 7). These  differences may relate 
to species  differences  and/or a possible heterogeneity 
among FccRII molecules. 

Ag retained  on FDC is associated  with the long term 
maintenance of B memory (30) and  serum IgG antibody 
levels (31-33). The  importance of  IgE present in FDC- 
associated  immune  complexes has not  been  established. 
However, the presence of  IgE in the immune  complexes 
does  raise  the possibility that IgE on FDC may be related 
to the  maintenance of the IgE response. Clearly IgE is 
hypersecreted  in the mesenteric  lymph  nodes of Nb-in- 
fected mice about 2 wk after infection (16) and  this 
occurred  in the  present  study  in  the  absence of increased 
levels of  FcrRII and large amounts of  IgE containing 
immune  complexes on the FDC. Later  in the response 
when FDC acquired more FctRII and IgE. local IgE pro- 
duction was still taking place  but at  a much lower level. 
Thus  the FctRII and Ag in the IgE immune complex on 
FDC probably had  little to do with the initial  induction of 
the IgE response  but could have  been very important  in 
the induction of B memory cells and  the long term  main- 
tenance of the IgE response. This concept is supported 
by the known  association between the long term  main- 
tenance of specific IgG in serum  and  the long term  reten- 
tion of specific Ag in the immune complexes on FDC 
(31-33). Most clinical  problems  associated  with IgE hy- 
persensitivity are encountered long after  the initial sen- 
sitization.  Therefore, if FDC are important  in the main- 

tenance of the specific IgE response, then FDC and  the 
associated Ag are clearly clinically relevant.  Interest- 
ingly. certain  patients  maintaining high levels of serum 
IgE are known to have high levels of  IgE on FDC (14). A 
better  understanding of the role of  FDC in the  mainte- 
nance  and regulation of  IgE responses in vivo may offer 
insight  leading to new approaches to the  management of 
IgE-mediated hypersensitivity. 
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