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The cellular events related to the induction of humoral and cell-mediated im- 
munity involve antigen recognition, blast transformation, and multiplication of 
lymphoid cells in lymph nodes and spleen. The early histological changes in 
lymph nodes draining the site of a skin graft (1, 2), particulate antigen injection 
(3, 4), adjuvant stimulation (5), or application of skin-sensitizing chemicals 
(6-9) have been shown to involve mainly proliferation of thymus-derived 
lymphocytes in the paracortical regions adjacent to postcapillary venules. Be- 
fore this mitotic activity, 1-3 days after antigenic challenge, a "trapping" of 
circulating lymphocytes has been reported to occur (10-14); this phenomenon 
has also been demonstrated in spleen (15, 16). 

Since recruitment of lymphocytes may be amongst the earliest of cellular 
events in the initiation of immune responses, it was of interest to investigate this 
phenomenon quantitatively. The kinetics of trapping were studied by following 
the distribution of 5tCr-labeled lymphocytes in groups of syngeneic mice which 
had been previously challenged with sheep erythrocytes, Salmonella typhi H 
antigen, keyhole limpet hemocyanin, allogeneic, or xenogeneic skin. Previous 
work has demonstrated the feasibility of using the system of 5'Cr-labeled lymph- 
ocyte migration to quantitate changes in lymphoid populations (17-19). 

Methods 

AnimaIs.--Pathogen-free mice were obtained from the Jackson Laboratories (Bar Harbor, 
Maine) and Lewis rats from Microbiological Associates (Bethesda, Md.); CBA/J mice were 
routinely used as lymphocyte donors and recipients. For experiments involving grafting, 
C57BL/6J mice or Lewis rats were used as tail skin donors, and CBA/J mice as skin re- 
cipients. 

Cell Suspenslons.--Single cell suspensions were prepared as described previously (18) from 
the pooled axillary, brachial, inguinal, and mesenteric nodes, by gently pressing the organs 

* Present address: Dept. of Biochemistry, Albert Einstein College of Medicine, New York 
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through a nylon sieve into medium 199 containing 5% fetal calf serum 1 (FCS) 2 (Microbio- 
logical Associates). Cell clumps were removed by filtration through washed cotton wool, and 
the resulting suspensions were counted, checked for cell viability by trypan blue dye exclusion, 
centrifuged, and resuspended in medium 199 with 15% FCS. Cells were labeled according to 
the method of Bainbridge and Gowland (20) at a concentration of 25 /zCi/10 s cells per ml, 
with radiochrominm, supplied as sodium chromate-51Cr in sterile isotonic solution (Amersham- 
Searle Corp., Chicago, Ill.). After 30 min of incubation at 37°C the labeled cells were washed 
once and resuspended in medium 199 with 15% FCS for injection into mice. 

Immunization.--Groups of three mice were injected either intravenously, intraperi- 
toneally, or subcutaneously on the anterior and posterior left flank with sheep erythrocytes 
(SE) (Microbiological Associates), agglutinable Salmonella typhi H antigen (H) (Burroughs- 
WeUcome & Co., Ltd., London, England) or keyhole limpet hemocyanin (KLH) (Mann 
Research Labs, Inc., New York). To study primary responses, doses of S X 10 s SE, 0.2 ml 
H, or 100/~g KLH were used. For secondary responses, mice were given a sensitizing injection 
intraperitoneally of 5 X 107 SE, 0.2 ml H, or 10 #g KLH, followed 1-2 months later by equal 
doses of antigen given intravenously, intraperitoneally or subcutaneously. 

Skin Grafting.--To study the first set allograft or xenograft response, CBA/J mice were 
grafted on the left thorax with C57BL/6J or rat tail skin according to the method of Billing- 
ham and Medawar (21). For the second set response, CBA/J mice were grafted twice, 3 wk 
apart, with C57BL/6J skin on the left thorax. 

Experimental Design.-- 
Response to antigens: 10 X 106 51Cr-labeled lymphocytes were injected intravenously into 

groups of three recipients which had received antigen 1, 6, or 24 hr earlier, and into nonstimu- 
lated controls. 20-24 hr later, recipients were sacrificed by cervical dislocation and the distri- 
bution of lymphocytes was quantitated by assaying the radioactive content of the brachial, 
axillary, inguinal, and mesenteric lymph nodes, spleen and liver, in a Packard autogamma well 
spectrometer (Packard Instrument Co., Downer's Grove, Ill.). In groups of animals receiving 
antigen subcutaneously, the right, left, and mesenteric nodes were sampled separately. Results 
were first calculated as the per cent of localization of labeled cells in recipient organs relative 
to the injected dose. The average per cent of recovery for each experimental group was then 
expressed as a percentage of the recovery in the untreated (control) group. 

Response to grafting: Groups of three mice were grafted with either C57BL/6J, rat, or 
CBA/J (controls) tail skin on the left thorax. At 1-21 days after grafting, labeled lymphocytes 
were injected intravenously into groups of three mice, and the per cent of distribution of cells 
was determined after 24 hr in the right and left peripheral nodes, as described above. Results 
were expressed as the ratio of localization in the left to right nodes. 

RESULTS 

E~ect of Time and Route of Antigen Administration on the Distribution of 
5aCr-Labeled L ymphocytes 

Primary Response.--When the  d i s t r ibu t ion  of l y m p h o c y t e s  was compared  in 

mice  receiv ing SE,  H,  or K L H  wi th  t h a t  occurr ing  in controls ,  s ignif icant  differ- 

ences in l y m p h o c y t e  local iza t ion were noted ,  depending  on the route  and t ime  of 

1 Previous experiments (unpublished observations) have shown that the addition of FCS 
or autologous mouse serum to the medium results in comparable distribution patterns of 
51Cr_labele d lymphocytes. 

2 Abbreviations used in this paper: FCS, fetal calf serum; H, Salmonella typhi H antigen; 
KLH, keyhole limpet hemocyanin; SE, sheep erythrocytes. 
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226 LYMPI-IOCYTE TRAPPING 

antigen administration (Fig. 1). The average per cent of localization of cells in a 
given organ was compared in groups containing three to nine experimental or 
control mice. The final results were expressed as a percentage of control values. 
Levels of significance were determned by use of Student 's  t test. 
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FIG. 1. Effect of time and route of antigen administration on lymphocyte distribution; 
primary response: ~lCr-labeled lymph node cells were transferred i.v. into recipients 1, 6, or 
24 hr after injection of SE, H, or KLH via the i.v., i.p., or s.c. routes. After 24 hr the mean 
per cent of organ localization of labeled cells was determined in experimental and control 
(no antigen) groups. The results were expressed as per cent of control organ localization. 
Significant deviations from controls are indicated by (P < 0.001 . . . .  , jo < 0.01 = • . ,  
P < 0.05 = .). 

Intravenous route (Fig. 1 a, b, c): Significant increments were observed after 
24 hr in the splenic localization of labeled cells in recipients previously injected 
with SE, H, or K L H  intravenously. This increased splenic localization was seen 
when lymphocytes were injected 1 or 6 hr after injection of SE or H and aver- 
aged 130% of the control. This effect was less marked in recipients of KLH,  and 
was gone by 6 hr. Concomitant  with increased migration of cells to spleen, sig- 
nificantly decreased lymph node localization was observed in intravenous re- 
cipients of H or KLH.  When labeled cells were injected 1 or 6 hr after intra- 
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venous injection of particulate antigen (Fig. 1 a, b), decreased localization in 
liver of up to 50 % of controls also occurred. In all three intravenous groups no 
significant increment in splenic localization above the control was seen after 24 
hr had elapsed between antigen and cell administration. 

Intraperitoneal route (Fig. I d, e, f ) :  After intraperitoneal injection of SE, in- 
creased splenic localization similar to that after intravenous antigen injection 
was again observed, concomitant with significantly depressed distribution of 
cells to lymph node and liver. The intraperitoneal route of H and K L H  injec- 
tion was less efficient in eliciting trapping of lymphocytes. 

Subcutaneous route (Fig. 1 g, h, i): The effect of subcutaneous injection of 
antigen on migration patterns of labeled lymphocytes was different from that of 

TABLE I 
E ~ect on Cell Distribution when Antigen is Given after Labded Lymphocytes 

Time of SE* injection 
Mean per cent localization in 

Lymph node Spleen Liver 

~: SD ~" SD ~" SD 

Controls 13.6 (4-0.8) 24.8 (4-1.3) 14.3 (4-0.9) 
0 13.4 (4-2.7) 26.5 (4-2.4) 9.5 (4-1.8) 
+1 hr 13.1 (4-3.2) 25.0 (4-1.6) 9.4 (4-0.2) 
+4hr  13.1 (4-1.1) 25.5 (4-2.9) 11.7 (4-1.7) 

* 5 X 10 s sheep erythrocytes were given i.v. either simultaneously, 1, or 4 hr after cell in- 
jection. Controls received no antigen. 

:~ Cell localization determined in groups of three recipients 20-24 hr after intravenous in- 
jection of labeled cells. 

intravenous or intraperitoneal antigen administration. In the intravenous and 
intraperitoneal routes antigen is presumed to localize mainly in spleen (22, 23), 
whereas the subcutaneous route should result in antigen localization in the 
nodes draining the site of injection. As expected, increased lymphocyte migra- 
tion was found to the left nodes, those nodes draining the site of subcutaneous 
antigen injection. Localization of labeled cells in the peripheral nodes of re- 
cipients of SE or K L H  (Fig. 1 g, i) was approximately twice that of controls 
when cells were injected 24 hr after subcutaneous antigen administration. Dis- 
tribution of cells to spleen, liver, and right and mesenteric nodes was not sig- 
nificantly different from controls. 

Administration of antigen after injection of labeled cells: When cells were ad- 
ministered either simultaneously or before injection of antigen, and recipients 
were sacrificed 24 hr later, diminished localization of cells in liver occurred, but 
no trapping of lymphocytes in spleen was observed (Table I). These results 
make it likely that  some processing of antigen before cell injection must occur 
in order to demonstrate increased accumulations of lymphocytes in antigen- 
stimulated organs. 
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228 LYMPHOCYTE TRAPPING 

Secondary Response (Fig. 2) . - -The  time and route of antigen administrat ion on 
lymphocyte trapping was found to be similar in presensitized and nonsensitized 
mice. Maximal trapping of lymphocytes in spleen occurred when antigen was 
administered intravenously 1-6 hr before cell infusion (Fig. 2 a, b, c). Maximal 

trapping of lymphocytes in draining lymph nodes occurred when antigen was 
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FIG. 2. Effect of time and route of antigen administration on lymphocyte distribution; 
secondary response: 51Cr-labeled lymph node cells were transferred i.v. into presensitized 
recipients 1, 6, or 24 hr after challenge with SE, H, or KLH via the i.v. or s.c. routes. Af- 
ter 24 hr the mean per cent of organ localization was determined in experimental and con- 
trol (no antigen) groups. The results were expressed as per cent of control organ localization. 
Significant deviations from controls are indicated by (P < 0.001 . . . .  , P < 0.01 = * *, 
and P < 0.05 = *). 

administered subcutaneously (Fig. 2 d, e, f).  The major difference between pre- 
sensitized and virgin mice was found in the antigen dose required to elicit the 
same magnitude of trapping; in the secondary response groups, 10-fold less SE 
and K L H  were used. 

Effect of Antigen Dose on Migration of L ymphocytes into Normal and Presensitized 
A ntigen-Stimulated Recipients 

The migration pat terns of 51Cr-labeled lymph node cells from normal donors 
were determined 24 hr after injection in untreated and presensitized recipients 
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MARION M. ZATZ AND EUGENE M. LANCE 229 

of antigen, and in control groups. Antigen was administered intravenously 1 hr 
before injection of cells, since these conditions were consistently shown to cause 
increased splenic localization a t  the antigen doses previously studied. The  doses 
used were, SE: 5 X 109, 5 X 108, 5 X l0 T, and 5 X 106; H:  0.2 ml of 10x (con- 
centrated by centrifugation at  2500 rpm for 30 rain), Ix, and 0.1x standard ag- 
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[FIO. 3. Effect of antigen dose on lymphocyte distribution in normal and presensitized 
recipients. 51Cr-labeled lymph node cells were transferred i.v. into recipients 1 hr after i.v. 
injection of various doses of SE, H, or KLH. After 24 hr the mean pcr cent of organ localiza- 
tion was determined in experimental and control (no antigen) groups. The results were ex- 
pressed as per cent of control organ localization. 

DoseA = 5 X 106SE,0.1 x H ,  or 1 #g KLH; B = 5 X l0 T SE, 1.0 x H, or 10 #g 
KLH; C = 5 X 108 SE, 10.0 x H, or 100/~g KLH; D = 5 X 109 SE, or 1000/.~g KLH. 

glutinable suspensions of S. typhi; and K L H :  1000, 100, 10, and 1 #g. The  re- 
sults are shown in Fig. 3 expressed as percentages of control groups. 

In  previously unsensitized mice, elevated spleen localization was seen in re- 
cipients of 5 X 108 SE, 0. lx and 1.0x H, and 100/~g K L H .  Similar t rapping of 
lymphocy tes  could be elicited with 10-fold lower doses of SE or K L H  in pre- 
sensitized recipients. The  lowest doses of SE (5 X 106) and of K L H  (1/zg) caused 
no significant deviation from the lymphocyte  migration pat terns  observed in 
nonstimulated control recipients, and thus served as a check for any nonspecific 
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230 LYMPHOCYTE TRAPPING 

effects. The highest dosages of particulate antigen (5 X 109 SE, 10x H) had an 
opposite effect from the intermediate dosages on the distribution of lymphocytes 
administered 1 hr later. Injection of 5 X 109 SE into nonsensitized mice resulted, 
for example, in elevated lymph node localization and markedly depressed spleen 
localization (66 % of control). The 10-fold lower dose (5)< l0 s SE) produced 
diminished lymph node localization and elevated spleen localization (136 % of 
control). The highest doses of particulate antigen consistently produced di- 
minished liver localization of as much as 30 % of controls. 

Thus, up to a critical dose, increasing antigen will produce increased spleen 
localization and decreased lymph node localization. Large doses of particulate 
antigen will cause the reverse pattern, i.e., increased distribution of labeled cells 
to lymph node and decreased distribution to spleen. 

To summarize, labeled lymphocytes are trapped in the spleens of normal and 
presensitized mice when SE, H, or KLH are administered intravenously 1-6 hr 
before cell infusion, and recipients are sacrificed 20-24 hr later; lymphocytes 
are trapped in draining lymph nodes of normal and presensitized mice when 
antigen is injected subcutaneously 6-24 hr before cell infusion, and recipients 
are sacrificed 20-24 hr later. The only significant difference between presensi- 
tized and normal recipients is in the dose of antigen required to demonstrate 
trapping; 10-fold lower doses are sufficient in presensitized mice. 

Time of Recipient Sacrifice.--Since the time interval between injection of anti- 
gen and labeled cells proved to be critical in discerning changes in lymphocyte 
migration patterns, it was necessary to determine whether the 20-24 hr interval 
between injection of cells and sacrifice of recipients was optimal for detecting 
changes in migration patterns. Two effects of antigen on lymphocyte migration 
patterns in antigen-stimulated recipients were studied as a function of time of 
recipient sacrifice: (a) increased splenic localization in presensitized mice by 
intravenous injection of 5 >( l0 T SE 1 hr before injection of cells; and (b) in- 
creased localization in draining nodes of normal recipients by subcutaneous in- 
jection of 5 X 108 SE 24 hr before injection of cells. Groups of three recipients 
were sacrificed 1-72 hr after infusion of labeled cells and mean per cent of lo- 
calization was determined in lymph nodes, spleen, and liver, and compared with 
nonstimulated controls. 

(a) Increased splenic localization (Fig. 4): The difference in distribution of 
lymphocytes into spleen and lymph node of antigen-stimulated and control re- 
cipients was maximal at 24 hr after cell injection. The sustained retention of 
cells in spleen of antigen-stimulated recipients parallels a plateau in lymph node 
localization from 12 to 24 hr, indicating that a dynamic equilibrium between 
these two compartments was disturbed by intravenous injection of 5 >( 107 SE 
1 hr before cell injection. By 48 hr, the curves for lymph node and spleen dis- 
tribution converge in normal and antigen-stimulated recipients. Thus, the 
trapping of cells in the latter group is transient. The curves for liver localization 
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in the two recipient groups were parallel and not  affected by injection of this 
dose of antigen, 
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FIG. 4. Kinetics of splenic trapping after i.v. injections of antigen. Labeled lymph node 
cells were transferred into groups of three presensitized recipients I hr after i.v. injection of 
5 X 107 SE, or into control recipients. Antigen-stimulated (---) and control ( ) groups 
were sacrificed 1-72 hr after cell injection, and the mean per cent of localization of cells was 
determined in lymph node, spleen, and liver. 

(b) Increased lymph node localization (Fig. 5): In  the left peripheral lymph 
nodes draining the site where 5 X l0  s SE were injected subcutaneously, localiza- 
tion was maximal at 24-48 hr after injection of ceils into antigen-st imulated re- 
cipients. This  effect was compensated for by decreased distribution of labeled 
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232 LYM'P~OCYTE TRAPPING 

cells to the  r ight  per ipheral  and  mesenter ic  nodes. This  e levated nodal  localiza- 

t ion was also of shor t  dura t ion,  the values  in  no rma l  and  an t igen - s t imu la t ed  

groups converging 72 hr  after cell inject ion.  The  dynamics  of cell r e t en t ion  in  
d ra in ing  l y m p h  nodes after subcu taneous  in jec t ion  of an t igen  differs f rom tha t  
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FI6. 5. Kinetics of lymph node trapping after s.c. injection of antigen. Labeled lymph 
node cells were transferred into groups of three recipients 24 hr after s.c. injection of $ X 
l0 s SE, on the left flank, or into normal controls. Antigen-stimulated ( . . . . .  -) and control 
( • ) groups were sacrificed 1-72 hr after cell injection, and the mean per cent of localization 
was determined in right, left, and mesenteric lymph nodes, spleen, and liver. 
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of cell trapping seen in spleen (Fig. 4) after intravenous antigen injection. In  the 
case of subcutaneous SE administration, spleen and liver localization are paral- 
lel in stimulated and normal groups of recipients. As cells leave the spleen be- 
tween 1 and 24 hr they may be preferentially trapped in the draining lymph 
nodes at the expense of cell distribution to the right and mesenteric nodes. The 
dynamics involve mainly the distribution of cells to lymph node between 12 
and 48 hr, whereas after intravenous injection of SE, the dynamics involve 
mainly the distribution of cells between lymph node and spleen during the first 
24 hr. 
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FIO. 6." Comparison of labeled cell localization in the right and left nodes of skin-grafted 
mice. Labeled lymph node cells were injected into groups of three to nine mice grafted on the 
left thorax with (a) CBA/J skin-.-O-.- (auto); (b) C57BL/6J skin--Q--  (1 ° allo); (c) 
C57BL/6J skin twice 3 wk apart ....... (2 ° allo); or (d) Lewis rat skin - - X - -  (xeno). Labeled 
cells were injected 1-21 days after the last graft application, and the mean per cent of locali- 
zation was determined in recipients' right and left peripheral nodes 20-24 hr later. Results were 
expressed as a ratio of localization in the left: right nodes. 

Effect of Skin Grafting on the Distribution of Labeled Lymphocytes.--Labeled 
lymphocytes were injected into mice 1-21 days after the grafting of rat, C57BL/ 
6J, or CBA/J  (control) skin onto the left thorax. The localization of labeled 
lymphocytes was compared in the right and left peripheral nodes after 24 hr, and 
results were expressed as a ratio of localization in the left: right nodes (Fig. 6). 
The ratio of cell localization in control mice remained close to 1. However, in 
mice undergoing a first set rejection of C57BL/6J skin, elevated localization of 
labeled cells occurred in the left nodes, with a maximal ratio of approximately 
1.8 at 9 days after grafting. In mice undergoing a second-set allograft rejection, 
maximal trapping of lymphocytes in the draining nodes occurred at 3 days. The 
early response to a first set xenograft closely approximated that  found for a 
second-set allograft, i.e., maximal trapping when labeled cells were injected 3 
days after grafting. No differences were observed in localization of labeled cells 
into mesenteric nodes, spleen, or liver in control and experimental groups. 
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Effect of Number of Injected Cells on the Trapping of Lymphocytes.--In the pre- 
ceding experiments antigen-stimulated and control mice routinely received 107 
labeled lymphocytes. Approximately 5-7 X 105 more cells were trapped in 
spleens of intravenously antigen-stimulated recipients than in controls. 2-4 X 
I0 n more cells were trapped in draining lymph nodes of subcutaneously antigen- 
stimulated mice. The relation between the injected cell dose and the number of 
cells trapped was therefore investigated. Groups of recipients were given 5 X 
l0 s SE intravenously. 1 hr later 10~-10 a 51Cr-labeled lymphocytes were adminis- 
tered intravenously to antigen-stimulated and control groups, and the per cent 
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FIG. 7. Effect of number of injected cells on the trapping of lymphocytes. The splenic lo- 
calization of 105, 106, 107, or 10 ~ 51Cr-labeled lymph node cells was determined after 24 hr 
in groups of three recipients which received either 5 X l0 s SE i.v. 1 hr before cell injection 
....... , or no antigen (control) - - . - - .  

of distribution to spleen determined after 20 hr. In Fig. 7, it is clear that  the 
mmlber of cells trapped in the spleen of antigen-stimulated mice is a linear func- 
tion of the number of cells injected. The difference between cell localization in 
experimental and control spleen was consistently found to be 6% of the in- 
jected cell dose. 

D I S C U S S I O N  

By using the system of intravenous transfer of 51Cr-labeled lymphocytes into 
antigen-stimulated syngeneic recipients, it was possible to demonstrate lympho- 
cyte trapping in the spleen after intravenous and intraperitoneal antigen ad- 
ministration, and in draining lymph nodes after subcutaneous antigen adminis- 
tration or challenge with foreign skin. Such trapping was found in mice under- 
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MARION M. ZATZ AND E U G E N E  M. LANCE 235 

going both primary and secondary responses, was antigen dose dependent, 
could be demonstrated within several hours of antigen injection, and was tran- 
sient, lasting only 24-48 hr. The kinetics of trapping varied with the route of 
antigenic challenge. 

In these experiments the identity of the cell which accumulates in lymphoid 
organs after antigenic challenge is most likely a member of the long-lived pool of 
recirculating lymphocytes. Previous work by Lance and Taub (17) and Zatz 
and Lance (18) has shown that cells which localize in lymph nodes represent a 
homogeneous population of recirculating lymphocytes, and that during the first 
24 hr after cell injection, a dynamic equilibrium exists between spleen and 
lymph node in the localization of recirculating cells. 

In the present experiments, trapping of lymphocytes in spleen occurred at 
the expense of the lymph node-seeking population, while trapping in draining 
lymph nodes was at the expense of cell localization in the rest of the lymph node 
compartment. Results of other studies on lymphocyte traffic after antigen ad- 
ministration reinforce the idea that antigen-induced trapping of recirculating 
lymphocytes occurs. Ford (15) studied the migration of thoracic duct lympho- 
cytes across the isolated, perfused rat spleen 90 min after the addition of sheep 
erythrocytes to the perfusate; he found that the cells were delayed in transit 
across the spleen resulting in a decreased output of recirculating lymphocytes. 
Hall and Morris (13, 14) have also shown that the output of lymphocytes in the 
efferent lymph of a stimulated sheep popliteal node is depressed within 30 rain 
of local antigen injection. In both reports this depession of lymphocyte recir- 
culation persisted for several hours. The coincidence of timing in these experi- 
mental situations and in those reported here suggests a relation between im- 
paired recirculation of lymphocytes and lymphocyte trapping. 

The kinetics of lymphocyte trapping indicate that it is a transient phe- 
nomenon which occurs early and may be involved in the initiation of antibody 
production. Trapping can be demonstrated within 1 hr of intravenous antigen 
injection and within 24 hr of subcutaneous antigen injection, and reaches a 
maximum 24 hr after the infusion of labeled cells. The increased accumulation of 
cells in lymphoid organs during this time may maximize the chance of contact 
between localized antigen and antigen-sensitive cells. Ford and Gowans (16) 
have shown that the magnitude of the antibody response initiated in the iso- 
lated perfused rat spleen is proportional to the number of recirculating lympho- 
cytes in the afferent perfusate. Hall and Morris (24) have also reported that 
afferent lymphocytes can restore immunocompetence to the locally irradiated 
popliteal node of sheep. In the present experiments, lymphocyte trapping in 
normal and presensitized recipients of SE, H, and KLH occurs within the first 
24 hr after antigen administration; the timing of this trap indicates that it is 
involved in an early feature of the humoral response, probably antigen recogni- 
tion preliminary to initiation of antibody production. 
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The tempo of lymphocyte trapping in grafted mice may bear a similar rela- 
tionship to the initiation of the humoral component of graft rejection. In the 
first-set allograft response maximal trapping was seen 9 days after grafting, at a 
time when graft destruction is already well advanced. Breakdown of the graft 
at this time by sensitized lymphocytes and macrophages would result in trans- 
port of antigenic debris to the draining nodes. Gillette and Lance (25) have in 
fact noted increased accumulations of 51Cr-labeled macrophages at a graft site 9 
days after the application of a primary ailograft. Similarly, maximal trapping of 
lymphocytes in the draining nodes 3 days after grafting in the second-set allo- 
graft or first-set xenograft response, corresponds to an earlier time of graft re- 
jection, and again precedes peak antibody production by several days (26). 

Thus antigen-induced trapping of afferent lymphocytes is probably an im- 
portant feature in the initiation of humoral immune responses. Dresser et al. 
(10) have pointed out that adjuvants alone can also cause increased accumula- 
tion of lymphocytes in draining nodes; they suggested that this phenomenon 
could explain in part how adjuvants function to enhance immune responsive- 
ness. While the present experiments indicate that adjuvant is not required for 
the retention of lymphocytes, it is possible that a greater degree of trapping 
could be elicited with adjuvant and antigen than with either component alone, 
resulting in enhancement of antibody production. 

When high doses of particulate antigen were administered intravenously, 
trapping of circulating cells was abolished in spleen, and localization of labeled 
ceils was diminished in liver. One possible explanation is that decreased splenic 
localization, with concomitant increased lymph node localization, is due to de- 
creased splenic blood flow. Preliminary experiments (MZ, EL, unpublished ob- 
servations) with Cr-51 labeled mouse erythrocytes injected into mice previously 
stimulated with high doses of sheep erythrocytes, indicate diminished blood 
flow may indeed occur; this possibility is under further investigation. Con- 
versely, Dresser, et. al. (10) have shown that trapping of lymphocytes in lymph 
nodes of mice locally challenged with adjuvant is not due to increased blood flow. 

The abolition of increased splenic localization with high doses of antigen may 
be related to the phenomenon of high zone tolerance. Trapping of lymphocytes 
appears to be associated with initiation of immune responses; prevention of 
trapping with high doses may alter the balance of antigen-cell contact in the 
periphery v e r s u s  in the spleen, resulting in a shift from induction of immunity to 
induction of tolerance. 

Initial increases in cell numbers and organ weight of lymph nodes and spleens 
of antigenically stimulated animals has been attributed to recruitment of 
lymphocytes from the circulation (10-12, 27). The experiments reported here 
indicate that such recruitment may be accomplished by means of an antigen- 
induced cell trap. In considering the operation of this trap, several questions 
arise: (a) what is the specificity of the trap? (b) What is the specificity of the 
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trapped cells? (c) What is the mechanism of action of this trap? We will briefly 
consider each of these questions. 

(a) Specificity of Trap.--The available evidence indicates that there are both 
specific and nonspecific elements present. The fact that lymphocyte trapping 
can be elicited at lower antigen doses in presensitized recipients than in non- 
sensitized recipients argues for at least partial specificity, since presensitization 
with an antigen different from the challenging one will not alter the dose re- 
quirements for trapping (unpublished observations). The accelerated tempo of 
trapping which occurs in a secondary allograft response as compared with that 
of a primary allograft response also indicates a degree of immunological speci- 
ficity. On the other hand, retention of lymphocytes in antigenically stimulated 
organs can be demonstrated when cells are injected within 1 hr of intravenous 
antigen administration; the rapidity of this phenomenon probably precludes 
specific blast transformation, proliferation, and elaboration of antigen-induced 
lymphokines as factors contributing to trapping. 

(b) Specificity of the Trapped Cells.--Retention of recirculating lymphocytes 
after antigenic stimulation could be related to contact of antigen-sensitive cells 
with antigen contained on dendritic processes of perifollicular or medullary mac- 
rophages (28). The finding that lymphocyte trapping can be achieved at lower 
antigen doses in presensitized recipients would be in keeping with such a view, 
since localization of antigen on perifollicular macrophages of lymphoid tissues 
is known to be more efficient in secondary responses (29). The route of recir- 
culation of lymphocytes (30) would bring them into close proximity to such 
antigen-bearing macrophages. The results of the present experiments, in which 
it was shown that antigen administration must precede cell injection in order to 
demonstrate trapping, suggests that some antigen localization is required. 

While some of the trapped cells may be involved in specific interactions with 
antigen, most probably are not. A fairly constant proportion (6%) of injected 
cells were retained in the antigenically stimulated spleen. However, it is known 
that only approximately 0.01% of a lymphoid population is specifically antigen 
sensitive (31) or antigen binding (32, 33). I t  would seem likely therefore that 
relatively large numbers of circulating lymphocytes are nonspecifically trapped 
after antigenic stimulation, thereby possibly facilitating the selective recruit- 
ment of smaller numbers of specifically antigen-sensitive cells. This view of 
lymphocyte trapping is depicted in Fig. 8. 

(c) Mechanism of Trapping.--The actual mechanism by which lymphocyte 
trapping is accomplished remains unclear. Accumulations of lymphocytes in 
antigenically stimulated organs could be due to the release of a soluble factor. 
The rapidity with which trapping can be demonstrated after an antigen injec- 
tion probably eliminates specifically elaborated lymphokines as mediators (34). 
However, the release of nonspecific pharmacologically active agents might re- 
tard the migration of lymphocytes; Roberts (35) has reported that within 
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hours of antigenic stimulation mast cells accumulate in the medullary and inter- 
follicular regions of mouse lymph nodes. Release of histamine or related sub- 
stances could affect the passage of lymphocytes through the lymphoid spaces. 

Recent work by De Sousa and Parrott (7) provides a possible morphological 
basis for the functioning of the cell trap; they have reported that within 24 hr 
after local application of oxazolone to the skin, plugging of the lymphoid 
sinuses with clusters of small lymphocytes occurs in the draining nodes of mice. 
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FIG. 8. Lymphocyte  trapping. (D = nonspecific cells, • = specific antigen-sensitive cells. 

Such plugging might well serve to retard the transit of lymph-borne and blood- 
borne recirculating cells. 

Additional experiments are now in progress to further elucidate the precise 
nature of this cell trap and its relevance to the immune response. 

SUMMARY 

The localization of syngeneic mCr-labeled lymph node cells was investigated 
in CBA/J mice previously challenged with sheep erythrocytes, Salmonella H 
antigen, keyhole limpet hemocyanin, C57BL/6J skin, or rat skin. The effect of 
time, dose, and route of antigen administration on lymphocyte migration was 
studied in both primary and secondary responses. 

When the distribution pattern of lymphocytes was examined after 20-24 hr, 
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it was found that increased localization of labeled cells occurred in spleen after 
intravenous or intraperitoneal antigen injection, and in draining lymph nodes 
after subcutaneous antigen injection or skin grafting. Increased localization 
(trapping) of lymphocytes was antigen dose dependent and could be demon- 
strated when 1-6 hr had elapsed between intravenous antigen administration, 
or when 24 hr had elapsed between subcutaneous antigen administration and 
intravenous cell infusion. Trapping was transient, lasting approximately 24 hr. 
Maximal trapping of lymphocytes in the draining nodes occurred 9 days after 
skin grafting in the first-set allograft response, and 3 days after grafting in the 
second-set allograft and first-set xenograft responses. 

The cell type trapped, the specificity and mechanism of action of the trap, and 
the role of lymphocyte trapping in the initiation of immune responses are dis- 
cussed. 

The expert assistance of Mrs. Sheila Cooper in the performance of these experiments is 
gratefully acknowledged. 

This work was supported by National Institutes of Health grant AI-08750 and U. S. Public 
Health Service training grants T1-AM 5414 and 1-T-AI-281-06. 

BIBLIOGRAPHY 

1. Burwell, R. G. 1962. Studies of the primary and secondary immune responses of 
lymph nodes draining homografts of fresh cancellous bone (with particular 
reference to mechanisms of lymph node reactivity). Ann. N.Y. Acad. Sci. 
99:821. 

2. Scothorne, R. J., and I. A. McGregor. 1955. Cellular changes in lymph nodes and 
spleen following skin homografting in the rabbit. J. Anat. $9:283. 

3. Davies, A. J. S., E. Leuchars, V. Wallis, and P. C. Koller. 1966. The mitotic re- 
sponse of thymus-derived cells to antigenic stimulus. Transplantation. 4:438. 

4. Davies, A. J. S., K. L. Carter, E. Leuchars, V. Wallis, and P. C. Koller. 1969. 
The Morphology of immune reactions in normal, thymectomized and recon- 
stituted mice. I. The response to sheep erythrocytes. Immunology. 16:57. 

5. Taub, R. N., A. R. Krantz, and D. W. Dresser. 1970. The effect of localized in- 
jection of adjuvant material on the draining lymph node. I. Histology. Immu- 
nology. 18:171. 

6. Parrott, D. M. V., and M. A. B. de Sousa. 1966. Changes in the thymus-de- 
pendent areas of lymph nodes after immunological stimulation. Nature (Lon- 
don). 212:1316. 

7. De Sousa, M. A. B., and D. M. V. Parrott. 1969. Induction and recall in contact 
sensitivity. J. Exp. Med. 130:671. 

8. Davies, A. J. S., K. L. Carter, E. Leuchars, and V. Wallis. 1969. The morphology 
of immune reactions in normal thymectomized and reconstituted mice. II. 
The response to oxazolone. Immunology. 17:111. 

9. Oort, J., and J. L. Turk. 1965. A histological and radioautographic study of 
lymph nodes during the development of contact sensitivity in the guinea pig. 
Brit. J. Exp. Pathol. 46:147. 

D
ow

nloaded from
 http://rupress.org/jem

/article-pdf/134/1/224/1654125/224.pdf by guest on 25 April 2024



240 LYMPHOCYTE TRAPPING 

10. Dresser, D. W., R. N. Taub, and A. R. Krantz. 1970. The effect of localized injec- 
tion of adjuvant material on the draining lymph node. II .  Circulating lympho- 
cytes. Immunology. 18:663. 

11. Nossal, G. J. V., and O. M~tkel/i. 1962. Autoradiographic studies on the immune 
response. I. The kinetics of plasma cell proliferation. J. Exp. Med. 115:209. 

12. Ehrich, W. E., and T. N. Harris. 1942. The formation of antibodies in the popliteal 
lymph node in rabbits. J. Exp. Med. 76:335. 

13. Hall, J. G., and B. Morris. 1963. The lymph borne cells of the immune response. 
Quart. J. Exp. Physiol. Cog. Med. Sci. 48:235. 

14. Hall, J. G. and B. Morris. 1955. The immediate effect of antigens on the cell out- 
put of a lymph node. Brit. J. Exp. Pathol. 46:450. 

15. Ford, W. L. 1969. The kinetics of lymphocyte recirculation within the rat spleen. 
Cell Tissue Kinet. 2:171. 

16. Ford, W. L., and J. L. Gowans. 1967. The role of lymphocytes in antibody forma- 
tion. II.  The influence of lymphocyte migration on the initiation of antibody 
formation in the isolated perfused spleen. Proc. Roy. Soc. Ser. B Biol. Sci. 168: 
244. 

17. Lance, E. M., and R. N. Taub. 1969. The segregation of lymphocyte populations 
through differential migration. Nature (London). ~21:841. 

18. Zatz, M. M., and E. M. Lance. 1970. The distribution of Cr-51 labeled lymphoid 
cells in the mouse. A survey of anatomical compartments. Cell. Immunol. 1:3. 

19. Zatz, M. M., R. C. Mellors, and E. M. Lance. 1971. Changes in lymphoid popu- 
lations of aging CBA and NZB mice. Clin. Exp. Immunol. 8:491. 

20. Bainbridge, D. R. and G. Gowland. 1966. Detection of homograft sensitivity in 
mice by the elimination of chromium-51 labeled lymph node cells. Ann. N. Y. 
Acad. Sci. 129:257. 

21. Billingham, R. E., and P. B. Medawar. 1951. The technique of free skin grafting 
in mammals. J. Exp. Biol. 28:385. 

22. Rowley, D. A. 1950. Effect of splenectomy on the formation of circulating anti- 
body in the adult albino rat. J. Immunol. 64:289. 

23. Taliaferro, W. H., and L. G. Taliaferro. 1950. The dynamics of hemolysis forma- 
tion in intact and splenectomized rabbits. J. Inlet. Dis. 87:37. 

24. Hall, J. G., and B. Morris. 1964. Effect of X-irradiation of the popliteal lymph 
node on the output of lymphocytes and immunological responsiveness. Lancet. 
1:1077. 

25. Gillette, R. W., and E. M. Lance. 1971. Kinetic studies of macrophages. Homo- 
graft response. Transplantation. 11:95. 

26. Woodruff, M. F. A. 1960. In The Transplantation of Tissues and Organs. Charles 
C Thomas, Publisher, Springfield, Ill. 67. 

27. Makinodan, T., T. Sado, D. C. Groves, and G. Price. 1969. Growth patterns of 
antibody forming cell populations. Curt. Top. Microbiol. Immunol. 49:80. 

28. Humphrey, J. H. 1969. The fate of antigen and its relationship to the immune 
response; the complexity of antigens. Antibiot. Chemother. 15:7. 

29. Nossal, G. J. V., A. Abbot, J. Mitchell, and Z. Lummus. 1968. Antigens in im- 
munity. XV. Ultrastructural features of antigen capture in primary and second- 
ary lymphoid follicles. J. Exp. Med. 127:277. 

D
ow

nloaded from
 http://rupress.org/jem

/article-pdf/134/1/224/1654125/224.pdf by guest on 25 April 2024



MARION ~. ZATZ AND EUGENE ~[. LANCE 241 

30. Gowans, J. L., and E. J. Knight. 1964. The route of recirculation of lymphocytes 
in the rat. Proc. Roy. Soc. Ser. B Biol. Sci. 159:257. 

31. Miller, J. F. A. P., and G. F. Mitchell. 1969. Thymus and antigen-reactive cells. 
Transplant. Rev. 1:3. 

32. Byrt, P., and G. L. Ada. 1969. An in vitro reaction between labeled flagellin or 
hemocyanin and lymphocytes in the cells from normal animals. Immunology. 
17:503. 

33. Modabber, F., S. Morikawa, and A. H. Coons. 1970. Antigen-blnding cells in 
normal mouse thymus. Science (Washington). 170:1102. 

34. Dumonde, D. C., C. A. Wolstencroft, G. S. Panayi, M. Mathew, J. Morly, and 
W. T. Howson. 1969. "Lymphokines," non-antibody mediators of cellular 
immunity generated by lymphocyte activation. Nature (London). 224:38. 

35. Roberts, A. N. 1970. Early mast cell responses in mouse popllteal lymph nodes to 
localized primary antigenic stimuli. J. Immunol. 105:187. 

D
ow

nloaded from
 http://rupress.org/jem

/article-pdf/134/1/224/1654125/224.pdf by guest on 25 April 2024


