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The mechanism by which antigen elicits antibody formation and the
characteristics of lymphoid tissues associated with immunologic phe-
nomena have received excellent discussion in recent reviews.’ Although
numerous investigations have advanced our knowledge of the mecha-
nisms of antibody formation, the role of antigen in the immune response
has remained elusive. Using *°I and 3 labeled flagellar antigens, Nos-
sal, Ada and Austin®® observed radioactivity in macrophages in re-
gional popliteal nodes following primary response stimulation in the
footpads of rats. Autoradiographic investigations with tritium (3H)
labeled soluble azoprotein antigens '*!! and *H-tetanus toxin >4 in mice
have emphasized the efficient incorporation of antigen by macrophages.
In addition, ®H-tetanus toxin or labeled fragments of the toxin molecules
have been shown to persist in mouse macrophages for intervals up to g
months.'*!* These results have supported a possible direct or indirect
function of the macrophage in mechanisms of antibody synthesis.!*-18

Studies on the primary immune response have provided little evidence
for the association of antigen with potential precursors of immunologi-
cally competent cells. Electron microscopic investigations have demon-
strated ferritin in the cytoplasm and nuclei of phagocytic sinus and
reticular cells in rabbit lymph nodes within 3 to 12 hours after primary
footpad stimulation.'® Following secondary response stimulation, ferritin
also was detected in the cytoplasm and nuclei of plasmoblasts and plasma
cells. Other studies on the response of rabbits to single or multiple in-
jections of ferritin have demonstrated antigen in macrophages and reticu-
lar cells, but not in blast cells or immature plasma, cells.2%:2

Evidence for the direct role of antigen in the mechanisms of antibody
synthesis >***?% and for the early synthesis of antibody (24 to 72 hours)
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following primary antigenic stimulation?*2" has suggested that the
initial instructive interaction of antigen with immunologically competent
cells occurs during the first few hours of a primary immune response.
In the present investigation, autoradiography and liquid scintillation
counting techniques were employed to quantitate the early localization
of a soluble tritiated azoprotein antigen in mouse lymph nodes after
primary response stimulation. The results have demonstrated the in-
corporation of ®H-antigen or antigenic fragments by macrophages,
eosinophils, mast cells and large immature mononuclear cells in draining
lymph nodes through the first 24 hours after footpad injection. Quanti-
tative data on the rapid incorporation of *H-antigen by mouse eosino-
phils have been presented in part elsewhere.?® Immature mononuclear
cells with heavy intracytoplasmic and intranuclear *H concentrations
were detected in all labeled lymph nodes, suggesting an antigen-chroma-
tin contact in possible precursors of immunologically competent cells.

MATERIAL AND METHODS

Soluble 8H labeled sulfanilazo porcine gamma globulin (3H-S-PGG) and unlabeled
sulfanilazo PGG (S-PGG) were employed as antigens. Sulfanilic acid was tritiated
by the catalytic exchange method (New England Nuclear Corp., Boston, Mass.) to a
final 8H concentration of 2 mc per mg. The preparation of 3H-S-PGG and S-PGG has
been described.28 The final protein concentration of the 3H-S-PGG was 8 mg per ml,
and the concentration of 3H was 175 uc per mg. Radioactivity determinations were
performed in a Chicago Nuclear liquid scintillation system. The S-PGG was prepared
to a final protein concentration of 8 mg per ml.

Adult male albino mice (NLW-CFW-Webster-Swiss origin) were used in this in-
vestigation and were fed a diet of Purina® Mouse Breeder Blox and tap water ad
libitum. Fifty-two mice in group 1 and 14 mice in group 11 each received a subcu-
taneous injection of 8o ug (14 uc per o.o1 ml) of 3H-S-PGG in the right hind foot-
pad. Each of 13 mice in control group 111 received an injection of 8o ug (0.0r ml) of
S-PGG in the right hind footpad.

In group 1, 4 mice were studied at each of 13 intervals following injection: 1, 2, 3,
4,5,6, 7,8, 10, 12, 14, 16 and 24 hours. Six lymph nodes (right and left popliteal,
right and left inguinal, right ventral and right dorsal axillary) were removed from
each mouse and prepared for autoradiography. Lymph nodes from 2 of the 4 mice
were fixed in neutral formalin for hematoxylin and eosin staining of sections, and
nodes from the remaining 2 mice were fixed in Bouin-Hollande solution for sections
treated with the Dominici stain.29.30 The above 6 lymph nodes also were obtained
from 1 mouse in group 111 at each of the 13 intervals scheduled for the group 1 study.
Tissue sections from these control nodes were used to establish the level of background
grain formation in autoradiographs.

The techniques employed for tissue embedding, sectioning and autoradiography
have been described.1l All tissue sections were stained following development of
the autoradiographs. Replicate sections were used for autoradiographs of each tissue
in mouse groups 1 and 111; these were then exposed for 2-, 4-, 6- and 8-week periods
respectively. Quantitative observations of 3H-exposed emulsion grains over tissue
cells were performed on 6-week autoradiographs unless otherwise specified. Intra-
cellular 3H concentrations were graded as light (s to 10 grains per cell), moderate
(10 to 20 grains) and heavy (> 20 grains). All grain counts were made at X 1,250
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magnification (X 100 oil immersion and X 12.5 eyepiece). The distribution of 3H
in macrophages was determined by microscopically counting soo labeled cells per
section. The total number of labeled and unlabeled eosinophils and mast cells was
counted in each section. The mean background over unlabeled control tissue sections
(mouse group 111) and emulsion-coated, non-tissue areas of experimental slides was
1 grain per 1,000 u2.11

The 8H content of the lymph nodes obtained from mouse groups 1 and 111 was
determined after sectioning and autoradiography as follows: the lymph node pieces
which remained after sectioning were deparaffinized in six 5s-minute changes of xylene,
dehydrated through five 5-minute changes of absolute ethanol, placed in weighed
vials, vacuum desiccated over Drierite® for 2 weeks and weighed. All weights were
determined with a model M5 Mettler microbalance. The tissues were dissolved in
1.0 ml of methanol-hyamine-hydroxide solution for 2 to 5 days at 52° C.1° The volume
of each tissue solution was measured, and 0.05 ml was added per vial of scintillation
solution. The samples were counted in a Nuclear Chicago liquid scintillation system
at —2° C with automatic background subtraction. The counting efficiency of the in-
strument for standard 3H samples was 34.5 per cent. Quench correction for the ex-
perimental samples was determined by the channels ratio method. Results were ex-
pressed as muc of 8H, from which the ug of 3H-antigen per mg of dry tissue was
calculated.

Serums were collected from all mice in groups 1 and mx which were sacrificed
during the first 24 hours following antigenic stimulation. Group m mice were ob-
served for serum antibody formation throughout the first 14 days after immunization.
Serums were collected from 2 mice in group 11 on each of days 1, 3, 5, 7, 9, 12 and 14.
Prior to antibody titrations, the serums were heat inactivated at 56° C for 30 minutes
and stored at —20° C.

Serum antibodies specific for the sulfanilazo determinant were titrated with the
passive hemagglutination (HA) technique using formalinized rabbit erythrocytes
(Difco) coupled with diazotized sulfanilic acid.3! Serum antibodies specific for PGG
were titrated with the passive tannic acid HA method.11 All serums were tested with
the 2 HA techniques.

ResuLrts
Cellular Localization of *H-Antigen in Draining Lymph Nodes

Regional Popliteal Nodes. Autoradiographs revealed the dense ac-
cumulation of 2H labeled macrophages in and around medullary sinuses
within 1 hour after injection. These cells were characterized by heavy
intracytoplasmic ®H concentrations and large quantities of extracellular
8H-antigen at the cytoplasmic membranes. The extracellular *H localiza-
tion was not observed beyond the 1-hour study. Between 2 and 24 hours
labeled macrophages were clustered in the medullary regions, interfol-
licular cortex and polar regions of the nodes (Fig. 1). Within 2 hours
over 9o per cent of the labeled macrophages demonstrated heavy intra-
cytoplasmic concentrations of ®H-antigen (Fig. 2). The proportion of
heavily labeled macrophages varied from 82 to 96 per cent during the
24-hour study (Table I).

Eosinophils containing *H were observed from 1 through 24 hours. The
proportion of labeled eosinophils with heavy intracytoplasmic *H con-
centrations varied from 8o to 98 per cent. The tritiated eosinophils were
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scattered singly or in clusters in the medullary regions and interfollicular
cortex of the nodes. Many heavily labeled eosinophils were surrounded
by unlabeled lymphoid cells, while others were distributed in areas ad-
jacent to groups of labeled macrophages and mast cells. The ®H labeled
and unlabeled eosinophils did not encircle or cluster about the other
labeled cell types.

TaBLE I

SH-ANTIGEN INCORPORATION IN REGIONAL POPLITEAL LYMPH NODES FOLLOWING
PRIMARY FOOTPAD STIMULATION ¥*

Per cent tritiated cells =S.D. §

Hours Cell Mean cells Per Grain count per cell
after per
injection } section = S.D.3  section §-10 10-20 >20
1 Macrophage {
Mast 21 8747 17 =16 33 %33 50 =48
2 Macrophage 2+2 76 91 4
Mast 4+3 61 * 33 16 * 16 33 *+ 26 51k 42
3 Macrophage 2+2 [ == 896
Mast 22 12 74+ 19 3619 M1 20+ 19
4 Macrophage 1*+o0 4*2 951
Mast 177 * 108 99 *35 1379 38+9 59+ 13
[ Macrophage 2+2 g2 894
Mast » 62 49 %= 36 5038 18+ 17 3232
6 Macrophage o 4*2 g6 +2
Mast 1+1 o
v Macrophage 1+1 9gkt2 go+2
Mast 113 *+ 16 69 == 24 14+ 11 21+ 1x 65 =t 12
8 Macrophage b = ¢ 62 93 2
Mast 9xy s7x1x 18 +13 26 = 22 56 *= 30
12 Macrophage 1+o 7+4 924
Mast 4%3 72 £ 13 77 54 X 41 3935
10 Macrophage [ 9*2 91 3
Mast g3 67 * 20 o 52 =38 48 =+ 38
14 Macrophage s*3 13%5 8249
Mast )
16 Macrophage 2k1 4%1 94 *2
Mast 1+1 [
24 Macrophage 21 0+4 883
Mast 21 91 =12 ] 33 k2% 67 &= 2%

* Each of the 52 mice received a subcutaneous injection of 8o ug (14 uc per o.01 ml) SH-S-
PGG in the right hind footpad.

+ Four right popliteal nodes were studied at each time interval.

1 Labeled macrophages, 500 per section, were scored for intracellular *H concentration
(grain count per cell). The total number of mast cells were counted per section.

§ Values were derived from g6 sections (24 sections per lymph node).

{ Heavy extracellular grain concentrations prevented accurate scoring of labeled mac-

rophages.

a Only 2 of 4 lymph nodes contained labeled mast cells.

The early incorporation of ®H-antigen by eosinophils preceded an
eosinophilia which was first apparent at 4 hours (Text-fig. 1). At each
study interval between 4 and 12 hours, the means of total eosinophil
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counts and of labeled eosinophil counts per section exceeded by 5 to 29
times the normal mean of 8 eosinophils per section derived from counts
of the 1,248 unstimulated contralateral popliteal node sections.

The intracytoplasmic incorporation of *H-antigen by mast cells was
observed 1 hour after primary injection, and the labeled mast cell re-
sponses persisted through the 24-hour study (Table I). The tritiated
mast cells were localized in the interfollicular cortex and medullary re-
gions of the nodes. Clusters of labeled mast cells usually were surrounded
by numerous densely labeled mononuclear cells (Fig. 3). A few mast
cells with high intracytoplasmic *H concentrations were isolated among
unlabeled lymphoid cells, but no mast cells were found in lymphoid
follicles.

A 135-fold increase in the mean of labeled mast cell counts per section
almost paralleled the labeled eosinophil responses between 1 and 4 hours
(Text-fig. 1). The peak mast cell response at 4 hours presented a mean
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TexT-F16. 1. Total number of labeled eosinophils and mast cells in the draining pop-
liteal lymph nodes following primary footpad stimulation with *H-S-PGG. Each value is
the mean count of 4 lymph nodes, 24 sections per node.

of 176 labeled cells per section, 59 per cent of which had incorporated
heavy concentrations of *H-antigen. The mean of total mast cell counts
per section in the 4- and 7-hour regional nodes (Table I) exceeded the
normal mean of 21 mast cells per section, determined from counts of the
1,248 unlabeled contralateral node sections. The normal range in mast
cells per section was 1 to 46, with only 52 sections containing over 40
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cells each. The mast cell response was not a consistent observation in all
experimental animals. The 12 lymph nodes studied at 6, 14 and 16 hours
contained no labeled mast cells and demonstrated very low total mast cell
counts (Table I).

From 1 to 3 hours after injection, the regional popliteal nodes con-
tained numerous mononuclear cells with heavy ®H concentrations in the
nucleus and at the cytoplasmic membrane. These cells first appeared in
areas of heavily labeled macrophages. All lymph nodes studied between
4 and 24 hours contained large numbers of the mononuclear cells with
heavy concentrations of *H in both nucleus and cytoplasm (Fig. 4).
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TEXT-FIG. 2. Total number of labeled eosinophils and mast cells in the draining in-
guinal lymph nodes following primary footpad stimulation with *H-S-PGG. Each value is
the mean count of 4 lymph nodes, 24 sections per node.

The characteristic features of these cells were observed with difficulty
due to their dense grain formations in autoradiographs. The round to
oval-shaped cells varied from 12 to 20 g in diameter and appeared to
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have large, vacuolated nuclei with nucleoli and thin to moderate amounts
of cytoplasm.

*H-antigen was not incorporated by neutrophils or small lymphocytes.
Both cell types were distributed generously among densely labeled

TasLe IT

*H-ANTIGEN INCORPORATION IN DRAINING INGUINAL LYMPH NODES FOLLOWING
PRIMARY FOOTPAD STIMULATION *

Per cent tritiated cells =S.D. §

Hours Cell Mean cells Grain count per cell
after per Per
injection ¥ section = S.D. T section 5-10 10-20 >20
I Macrophage 6+8 15+ 12 79 *+ 19
Mast 21 I0+79 o 50=* 50 50+ 50
2 Macrophage 22 8+4 9o 12
Mast 1+1 60 * 22 §0 + 41 g0+ 41 o
3 Macrophage 33 9+8 88 *+ 10
Mast | §+3 76 100 o o
4 Macrophage 1+1x 8+3 916
Mast 39+7 80+8 14+9 36+8 S0 3
6 Macrophage 22 64 92+5
Mast { 3*2 36 + 36 33 £33 9+8 58 =42
7 Macrophage 1+o y=+=3 92+4
Mast 156 = 31 99 *+ 2 6+4 20+ 3 746
8 Macrophage 2+1 63 924
Mast 21 )
12 Macrophage 3+2 94 885
Mast o
24 Macrophage 1+1 17+3 82+*2
Mast o

* Each of 52 mice received a subcutaneous injection of 8o ug (14 uc per o.01 ml) of *H-S-PGG in
the right hind footpad.

1 Four inguinal nodes were studied at each time interval. Lymph nodes obtained at 3, 10, 14 and
16 hours contained no labeled macrophages or mast cells.

1 Labeled macrophages, 500 per section, were scored for intracellular *H concentration (grain count
per cell). The total number of mast cells were counted per section.

§ Values were derived from g6 sections (24 sections per lymph node).

{ Only 2 of 4 lymph nodes contained labeled mast cells.

macrophages and mast cells, but remained unlabeled throughout the
study.

Right Inguinal Nodes. Thirty-six of the 52 group 1 mice responded
with ®H incorporation by macrophages in the draining inguinal nodes.
Many of the labeled nodes also demonstrated 3H in eosinophils, mast
cells and large mononuclear cells. All labeled cells were confined in the
interfollicular medullary areas, interfollicular cortex and polar regions
of the nodes. Between 1 and 24 hours, from 79 to 92 per cent of the
labeled macrophages had incorporated heavy concentrations of *H-
antigen (Table IT). These macrophages demonstrated specific intracyto-
plasmic ®H localization.
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The 36 inguinal nodes which contained labeled macrophages also
demonstrated the efficient uptake of *H-antigen by eosinophils. The
means of labeled eosinophil counts per section increased from 36 to 348
between 1 and 4 hours after injection (Text-fig. 2). A peak of 444 labeled
eosinophils per section was recorded at 7 hours. The means of eosinophil
counts per section between 2 and 7 hours greatly exceeded the normal
mean of 11 (range 1 to 44) determined from counts of 1,248 sections of
the left (uninjected side) inguinal lymph nodes. The proportion of
labeled eosinophils which incorporated heavy concentrations of 3H-
antigen varied from 55 to 84 per cent. While many eosinophils were
localized in large groups of heavily labeled macrophages, others were
distributed individually or in clusters in areas of unlabeled lymphoid
cells. Most of the labeled eosinophils were mature cells with bilobed
nuclei, and all demonstrated intracytoplasmic *H localization.

Autoradiographs revealed *H incorporation by mast cells in 20 of the
36 labeled inguinal nodes (Table II). The uptake of ®H-antigen by mast
cells stimulated an almost 1,000-fold increase in the mean of labeled
mast cell counts per section between 1 and 7 hours (Text-fig. 2). The
sharp peak response at 7 hours was followed by a very rapid disappear-
ance of labeled mast cells by 8 hours. With the exception of the 4- and 7-
hour means, the mast cell counts in draining inguinal nodes were below
the normal mean of 33 (range 8 to 62) derived from counts of the 1,248
left inguinal node sections.

From 4 to 7 hours following injection, heavy intracytoplasmic con-
centrations of H-antigen were demonstrated in 50 to 74 per cent of the
labeled mast cells (Table IT). As in the regional popliteal nodes, mast
cells frequently were surrounded by groups of labeled macrophages and
eosinophils. The incorporation of *H-antigen by mast cells was asso-
ciated with a decrease in basophilia of the cytoplasmic granules, until
only faint basophilic ringlets were detectable (Figs. 5 and 6). Unlabeled
mast cells localized in close association with labeled mast cells retained
their normal intense basophilia (Fig. 5). At peak response, clusters
of 10 to 15 labeled mast cells with diminished granule basophilia often
were isolated among unlabeled lymphoid cells (Fig. 6). A bursting de-
granulation of labeled mast cells was not observed.

Large mononuclear cells with heavy *H concentrations in the nucleus
and at the cytoplasmic membrane were detected in autoradiographs of
the draining inguinal nodes 1 hour after injection. These cells were com-
parable in appearance and localization with those observed in regional
popliteal nodes. Within 4 hours, the labeled mononuclear cells demon-
strated heavy grain localization over both the nucleus and cytoplasm.
These cells were found in all of the labeled inguinal node autoradio-
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graphs, but were less numerous than in the corresponding regional popli-
teal nodes.

Right Ventral Axillary Nodes. Autoradiographs revealed no *H in-
corporation by cells of the dorsally-located right axillary lymph nodes.
Thirty-two of the 52 ventral nodes, however, were found to drain *H-
antigen from the right hind footpad injection site (Table III). Auto-
radiographs of these nodes yielded results very similar to the inguinal
node observations. Between 1 and 24 hours, the proportion of labeled
macrophages with heavy ®H concentrations varied from 59 to 95 per cent.
Most of the axillary nodes which contained labeled macrophages also
demonstrated *H incorporation by eosinophils, mast cells and large, im-
mature mononuclear cells. All labeled cells were localized in the inter-
follicular areas and polar regions of the nodes.

The uptake of ®H-antigen by eosinophils was demonstrated in all of
the labeled axillary nodes. A 25-fold increase in the mean of labeled
eosinophils per section was recorded between 1 and 4 hours (Text-fig.
3). Mature eosinophils with heavy intracytoplasmic concentrations of
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*H were especially prominent at 4, 6 and 7 hours. Eosinophilia persisted
from 4 through 7 hours. During eosinophilia the mean cell counts per
section exceeded by 17 to 33 times the normal mean of 14 (range 1 to 49)
eosinophils established from counts of 1,248 right dorsal axillary node
sections. Although many of the labeled eosinophils were localized in areas
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of labeled macrophages, cell-to-cell contact between eosinophils and
macrophages was not prevalent.

The incorporation of *H-antigen by mast cells was observed in 23 of
the 24 labeled lymph nodes studied between 1 and 8 hours (Table III).

TasLE II1

®H-ANTIGEN INCORPORATION IN DRAINING VENTRAL AXILLARY LYMPH NODES
FOLLOWING PRIMARY FOOTPAD STIMULATION ¥

Per cent tritiated cells = S.D. §

Hours Cell Mean cells Per Grain count per cell
after per
injection ¥ section = S.D. T section 5-10 10-20 >z20
1 Macrophage 19 & 22 22 =17 59 *= 35
Mast 4%+3 3*2 o o 100
3 Macrophage 3*x2 14+ 4 83*35
Mast 113 6+3 ) 100 o
4 Macrophage 31 17+ 4 8o+ 4
Mast 24 %7 43 *= 10 48 = 22 30+ 14 22 17
6 Macrophage 2+1 844 go*+4
Mast 22 22 =22 o 78 & 31 22 * 22
v Macrophage o 64 94+ 4
Mast 40 *+ 13 9*+4 14+ 23 11 63 =+ 16
8 Macrophage 1+o0 6 X2 93 2
Mast 1+1 40 *+ 33 100 o o
12 Macrophage 3+2 8*3 89 %5
Mast 1+o o
24 Macrophage 1+o 4+o0 95 *+1
Mast 1+o0 o

* Each of 52 mice received a subcutaneous injection of 80 ug (14 uc per o.or ml) of *H-S-PGG in

the right hind footpad.

t Four right ventral axillary nodes were studied at each time interval. Lymph nodes obtained at 2,

s, 10, 14 and 16 hours contained no labeled macrophages or mast cells.

1 Labeled macrophages, 500 per section, were scored for intracellular °H concentration (grain count

per cell). The total number of mast cells were counted per section.
§ Values were derived from g6 sections (24 sections per lymph node).
{ Three of the 4 lymph nodes contained labeled mast cells.

With the exception of the 1- and 7-hour lymph nodes, 78 to 100 per cent
of the labeled mast cells possessed light to moderate quantities of intra-
cytoplasmic ®H. The labeled mast cells were similar in appearance and
distribution to those observed in the inguinal node autoradiographs. The
mean of labeled mast cells per section increased from < 1 at 1 hour to a
peak of 31 at 7 hours (Text-fig. 3). The mean of mast cells per section
recorded for each of the labeled and unlabeled ventral axillary nodes was
either below or comparable with the normal mean of 35 (range 1 to 57)
established from counts of the 1,248 unlabeled dorsal axillary node sec-
tions.

As in the labeled inguinal nodes, large mononuclear cells with 3H
localized in the nucleus and at the cytoplasmic membrane were demon-
strated in the ventral axillary nodes at 1 hour. From 3 to 24 hours, all of
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the labeled axillary node sections contained a small number of mono-
nuclear cells with heavy ®H concentrations in both nucleus and cyto-
plasm. These cells usually were localized in clusters of labeled macro-
phages and were comparable in appearance with those observed in the
draining popliteal and inguinal nodes.

Quantitation of *H-Antigen in Draining Lymph Nodes

The quantitative distribution of *H-antigen in the 312 lymph nodes
in group 1 was determined in a liquid scintillation system. Following
autoradiograph preparations, each remaining lymph node fragment was
deparaffinized, dried, weighed, dissolved and counted. Since only frag-
ments of the tissues remained after sectioning, the per cent of injected
8H antigen localized in each lymph node could not be determined. After
quantitation of the lymph node radioactivities, however, comparative
results were expressed as muc of ®H per mg dry weight of tissue. Assum-
ing that each tissue radioactivity represented *H-antigen, the amount of
SH-S-PGG was calculated from the ®H concentration (Table IV).

TaBLE IV

QUANTITATIVE DISTRIBUTION OF *H-ANTIGEN IN DRAINING LYMPH NODES FOLLOWING
PRIMARY RESPONSE STIMULATION IN RIGHT HIND FOOTPADS ¥

Hours after Amount of ®H-S-PGG per mg dry weight of tissue }
injection Popliteal node Inguinal node Ventral axillary node
(vg X 107) (xg X 107) (ug X 107%)
1 674.42 843 30.54
2 99.72 146 o
3 155.31 3.08 3.84
4 72.96 7.36 0.87
5 161.85 o o
6 562.14 5.12 14.10
7 140.76 13.11 7.20
8 17.89 1.89 0.63
10 124.79 0.17 0.06
12 52.49 1.40 1.00
14 326.48 0.04 0.07
16 20.29 o o
24 39.50 5.74 9.65

* Each of 52 mice received a subcutaneous injection of 8o ug (14 uc per o.o1 ml) of *H-S-
PGG.

t Calculated from scintillation counts of *H in dissolved tissues and from the activity of
the *H-antigen (175 muc per ug). Each value is the mean of 4 lymph node determinations.

Highest quantities of *H-antigen were incorporated by cells of the
regional popliteal nodes between 1 and 14 hours after injection. During
this interval the mean amount of localized antigen varied over a wide
range, but usually measured over 1 1g per mg of tissue. Notable excep-
tions occurred at 4, 8 and 12 hours. The mean quantities of antigen re-
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tained in the popliteal nodes at 16 and 24 hours had decreased to 3.0
and 5.8 per cent, respectively, of the 1-hour mean.

All regional popliteal nodes possessed greater quantities of *H-antigen
than the corresponding right inguinal and ventral axillary nodes (Table
IV). The amounts of antigen localized in the inguinal nodes usually ex-
ceeded the antigen concentrations in the corresponding ventral axillary
nodes, with exceptions at 1, 6, 14 and 24 hours. The mean amounts of
antigen retained in the 24-hour inguinal and axillary nodes were 68.0
and 31.6 per cent, respectively, of their 1-hour mean concentrations.
Some mice failed to localize *H-antigen in the right inguinal-axillary
lymphatic system. These results probably reflected anatomic variation
in the route of antigen transport from the footpad injection site. No
8H was detected in the control contralateral popliteal nodes, the left in-
guinal nodes or the right dorsal axillary nodes in the 52 group I mice.

Serum Antibody Formation Following Primary Response Stimulation

Serums collected from all mice in groups 1 and 111 contained no anti-
bodies specific for the sulfanilazo determinant or PGG when titrated
with the 2 passive HA techniques. The 14 mice in group 11 were studied
for serum antibody formation from days 1 through 14 following footpad
stimulation with *H-S-PGG. No antibodies specific for the sulfanilazo
determinant or PGG were detected prior to day 9. The 6 mice studied
on days 9, 12 and 14 demonstrated titers of 1:2 against PGG. Four of
these 6 mice yielded titers of 1:4 and 2 mice exhibited titers of 1:8
against the sulfanilazo determinant. These results were indicative of pri-
mary responses in the 3 experimental mouse groups.

DiscussioN

The present experiments have employed a soluble protein conjugate
possessing heavily tritiated sulfanilazo determinants (175 xc of *H per
mg) to quantitate the incorporation of antigen or antigenic fragments
into lymphoid cells. The localization of high ®H concentrations in macro-
phages, eosinophils, mast cells and immature mononuclear cells was ob-
served in draining lymph nodes between 1 and 24 hours following
primary stimulation in the footpads of mice. Assuming that the in-
corporation of antigen or active antigenic fragments by immunologically
competent cells initiates antibody formation,®# the present results have
implicated one or more of these 4 cell types in mechanisms of antibody
synthesis.

Nossal and co-workers *® demonstrated the rapid uptake of 2°I and
1#1] labeled flagellar antigens by macrophages of medullary sinuses and
lymphoid follicles following primary footpad immunization of rats. In
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contrast with the present results, their autoradiographs did not detect
the labeled soluble and particulate antigens in eosinophils, mast cells
and immature mononuclear cells during the primary immune response.
These differing lymphoid cell activities may have been due in part to
the high immunogenicity of the flagellar antigens.®*® In addition, al-
though minute quantities of 2°I and '3'I labeled flagellar antigens have
provided very high sensitivity in autoradiographs, the association of
radioactivity with antigenic determinants has not been defined.*® The
presence or absence of radioactivity, therefore, may not have reflected
the fate of all immunogenic fragments.

Early observations by Leduc, Coons and Connolly ** using fluores-
cence methods detected soluble protein antigens in interfollicular medul-
lary phagocytes of draining popliteal nodes after primary stimulation of
rabbit footpads. The localization of soluble, polymerized and particulate
antigens in macrophages during primary, secondary and hyperimmune
responses has been described repeatedly.l-®-1417-20 In the present investi-
gation, the efficient incorporation of *H-S-PGG (or fragments containing
the ®H-determinants) by draining lymph node macrophages was an ex-
pected result. The localization of labeled macrophages in the interfollicu-
lar medullary areas, interfollicular cortex and polar regions of the nodes
corresponded with previously reported observations.®®1%32 I vitro and
in vivo studies have suggested both direct and indirect functions of
macrophages in mechanisms of antibody synthesis.!>® Fishman and
Adler *® defined a critical role of macrophage RNA in the initiation of
antibody formation. Askonas and Rhodes *® demonstrated that antigen-
sensitized mouse macrophages did not form specific new informational
RNA, but yielded RNA-antigen complexes which were more highly
immunogenic than the antigen alone. The function of macrophages in
the degradation of antigens and in the preparation and transfer
of immunogenic fragments has been suggested by several investiga-
tors.!2-1417.18 The present experimental results are compatible with these
views. In contrast, recent evidence has indicated that macrophages are
not essential for antibody formation, and that their phagocytic proper-
ties destructively compete with an immune response.?®

In the present study, *H-antigen was detected in eosinophils in drain-
ing lymph nodes 1 hour following primary stimulation. Subsequent evi-
dence of eosinophilia was observed consistently in all labeled lymph
nodes. Previous investigations emphasized the role of antigen-antibody
complexes in eosinophil responses in guinea pigs.?**® Recent evidence
has indicated that soluble antigen (or antigenic fragments) also is in-
corporated by mouse lymph node eosinophils, stimulating eosinophilia
in the absence of specific antibodies.?® The present data yield further
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support for the role of antigen in the eosinophil response. Autoradio-
graphs did not reveal a prevalent association between *H-labeled eosino-
phils and macrophages. In addition, no evidence was obtained for the
phagocytosis of labeled eosinophils or eosinophil fragments by macro-
phages. Both phenomena were demonstrated in autoradiographs of
peritoneal exudate smears from immunized mice after restimulation
with ®H-tetanus toxin.!34 It is probable that the peritoneal exudate cell
interactions occurred in response to the defined experimental conditions,
and did not reflect mechanisms of primary antigenic stimulation in
lymphoid tissues. Because of the deficiency of RNA in eosinophils, it is
difficult to propose a function of these cells in mechanisms of antibody
synthesis. As in the function of neutrophils in the phagocytosis of for-
eign particulate antigens, however, the present results have emphasized
the importance of eosinophils in the rapid uptake of a soluble antigen
during the primary response.

Mast cells have not been implicated previously in mechanisms of the
primary response. The present autoradiographic studies revealed the
intracytoplasmic localization of ®H-antigen in lymph node mast cells
within 1 hour post-injection. A subsequent increase in mast cells occurred
with 99, 99 and 79 per cent of cells labeled at peak response in the drain-
ing popliteal, inguinal and ventral axillary nodes, respectively. In the
popliteal nodes, labeled mast cells were concentrated within clusters of
heavily labeled macrophages, suggesting the transformation of macro-
phage to mast cell. The mast cells could have accumulated, however,
through migratory processes. Burnet 3¢ has emphasized the possibility
that mast cells arise by direct transformation from small or medium
lymphocytes. He also proposed that the stimulus for mast cell accumula-
tion is a secondary result of lymphocyte-antigen contact, and that mast
cells remain immunologically competent. In the present study, small lym-
phocytes were consistently unlabeled in all labeled lymph nodes, indi-
cating the absence of small lymphocyte-antigen contact. Thus, it is un-
likely that the small lymphocytes were transformed into mast cells. The
possibility remains that the numerous labeled immature mononuclear
cells were primitive stem cells capable of transformation into mast cells.
Ginsburg and Sachs 3" have observed the change of mouse thymus stem
cells to mast cells in iz vitro cultures.

The loss of basophilia in labeled mast cells indicated an alteration in
the granule RNA in response to the intracytoplasmic localization of im-
munogen. Although the labeled mast cell responses were brief, these re-
sults suggest a possible function of mast cells in mechanisms of antibody
synthesis. The bursting degranulation of mast cells characteristic of
antigen-antibody reaction *® was not observed, correlating with the ab-
sence of specific circulating antibodies during this 24-hour study.
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Mouse footpad stimulation with 3H-S-PGG led to the rapid appear-
ance in draining lymph nodes of large immature mononuclear cells pos-
sessing heavy intracytoplasmic and intranuclear ®H concentrations.
Their intranuclear antigen-chromatin contact indicated a highly prob-
able association of these cells with early mechanisms of antibody forma-
tion. These results also suggested that the immature cells were primitive
precursors (stem cells) of immunologically competent cells. The present
observations of intranuclear antigen localization agree closely with the
results of Wellensiek and Coons,!® who demonstrated intact antigen
(ferritin) in the nuclei and cytoplasm of phagocytic sinus and reticular
cells of rabbits during the primary response.

In addition to the regional popliteal nodes, the draining inguinal and
ventral axillary nodes in many experimental mice functioned importantly
in antigen localization. Although the popliteal nodes trapped much higher
concentrations of antigen than the corresponding inguinal and axillary
nodes, the latter 2 nodes demonstrated higher percentage levels of anti-
gen retention. Patterns of intracellular antigen localization and labeled
cell distribution in the 3 lymph nodes were comparable, with only slight
time variations in the peak eosinophil and mast cell responses. Small and
medium lymphocytes and neutrophils were consistently unlabeled
throughout the study interval.

SUMMARY

Autoradiography and scintillation counting techniques were used to
investigate the intracellular and tissue localization of a soluble ®H-azo-
protein antigen in mouse lymph nodes following primary response stimu-
lation. Each of 52 mice received a single right hind footpad injection of
80 png(14 pc) of *H-sulfanilazo porcine gamma globulin. The intracellu-
lar localization of ®H-antigen was quantitated in the draining popliteal,
inguinal and ventral axillary lymph nodes at 13 intervals during the first
24 hours post-injection. Since only the sulfanilazo determinants were
tritiated, the localized radioactivity represented intact antigen or im-
munogenic antigen fragments.

Intracellular ®H concentrations were quantitated in 12,000 labeled
macrophages per lymph node and in all labeled eosinophils and mast cells
observed in the lymph node autoradiographs. The labeled cells were lo-
calized primarily in the medullary regions, interfollicular cortex and po-
lar regions of the nodes. Macrophages incorporated heavy intracyto-
plasmic concentrations of ®H throughout the study interval. Almost all
labeled lymph nodes demonstrated ®H in the cytoplasm of eosinophils
and mast cells. The early incorporation of 3H-antigen by eosinophils in-
duced subsequent eosinophilia with peak responses at 8, 7 and 4 hours
in the popliteal, inguinal and ventral axillary nodes, respectively. The up-
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take of *H-antigen by mast cells was associated with a pronounced in-
crease in mast cell counts per section in the popliteal and inguinal nodes.
The mast cells containing ®H demonstrated a decreased basophilia, in-
dicating an alteration of granule RNA in response to the intracytoplas-
mic localization of immunogen. Large immature mononuclear cells pos-
sessing heavy intracytoplasmic and intranuclear *H concentrations were
also observed in all labeled lymph nodes. The intranuclear localization of
®H indicated an antigen-chromatin contact and suggested the participa-
tion of these cells in early mechanisms of antibody formation.

The quantitation of radioactivity per mg dry weight of each tissue
detected highest concentrations of ®H-antigen in the regional popliteal
nodes. The draining inguinal and ventral axillary nodes in many mice
also functioned importantly in antigen uptake and retention. The sig-
nificance of these observations and the probable functions of the labeled
cell types in mechanisms of the primary immune response have been dis-

cussed.
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LEGENDS FOR FIGURES

Autoradiographs were prepared from mouse lymph nodes at various intervals fol-
lowing primary response stimulation with 8H-antigen. All lymph nodes drained the
right hind footpad injection site, and the times cited below are the intervals between
immunization and tissue collection. Except where otherwise indicated, the autoradio-
graphs are stained with hematoxylin and eosin and magnifications are X 1,000.

Fic. 1. Right popliteal node 7 hours after injection. Heavily labeled cells exhibit an
interfollicular distribution. X 160,

F16. 2. A right popliteal node at 2 hours demonstrates macrophages with heavy
intracytoplasmic 8H concentrations. A single heavily labeled eosinophil (E) is
noteworthy.
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F1c. 3. Labeled mast cells cluster in contact with heavily labeled macrophages in a

popliteal node section 7 hours after injection.

F16. 4. Numerous mononuclear cells contain heavy intracytoplasmic and intranu-
clear 3H concentrations. Popliteal node, 7 hours after injection.
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F16.5. A heavily labeled mast cell demonstrates loss of granule basophilia. The cell
lies adjacent to an unlabeled mast cell with normal appearance. Inguinal node,
7 hours after injection.

Fic. 6. A group of heavily labeled mast cells is distributed in an otherwise unlabeled
field of lymphoid cells. All labeled mast cells exhibit a loss of granule basophilia.
Right inguinal node, 7 hours after injection.



