Presence of Lymphoid Dendritic Cells in Thoracic Duct
Lymph From Lewis Rats |
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ARIOUS forms of adherent cells bearing
dendritic processes'™ have recently

been described within lymphatic tissues and
in cell cultures derived from them.”” By
implication, these cells have been proposed as
possible antigen-presenting cells. While it is
clear that monocytes or macrophages pre-
dominate among the adherent cells in cultures
used to test antigen presentation,®? it is also
likely that dendritic cells (DC) might be
responsible for triggering the immune
response. If these peculiar nonphagocytic
adherent cells are as potent presenters of
exogenous antigens as they are stimulators of
primary allogeneic mixed leukocyte reactions
(MLR)," then these Ia antigen positive, Fc
receptor (FcR) negative, non-T non-B cells
might actually be true antigen-presenting
cells of in vivo and in vitro immune
responses.”'>"* Their ability to induce lym-
phocyte proliferation in syngeneic MLR
suggested this possibility but if an exogenous
antigen had been presented its identity was
not known." Induction of immunity to sheep
red blood cells (SRBC) is highly dependent
on the presence of “adherent” cell popula-
tions.'* Howard was able to induce reactivity
to SRBC in adoptive recipients using unadul-
terated thoracic duct lymph (TDL), and
recently E. B. Bell described an antigen-laden
cell present in low multiplicity in TDL that

produced a secondary response to human’

serum albumin in adoptive recipients despite
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simultaneous presence of large numbers of
suppressor cells.”> These observations sug-
gested that some form of antigen-presenting
cell might be found in TDL that is capable of
entering the circulation and seeding the
spleen and other tissues.

The present study documents the existence
of small monocytes and Ia*, FcR ™, dendritic
cell precursors among the nylon wool nonad-
herent lymphoid cells in thoracic duct lymph
from normal Lewis rats maintained under
conventional laboratory conditions. DC show
a greater than 100-fold increase in frequency
following immunization with fluorescein iso-
thyocyanate tagged bovine serum albumin
(FITC-BSA) emulsified in complete Freund’s
adjuvant, while monocyte precursors in-
creased 7-fold over normal. Normal DC were
predominantly C3b receptor negative, but
“immune” DC included 60%-80% C3b
receptor positive cells. The possible implica-
tions of DC in TDL are discussed within the
context of antigen-presenting cells associated
with lymphatic tissues.

MATERIALS AND METHODS

Adult male LEW rats (Microbiological Associates,
Walkersville, Md.) were used for collection of thoracic
duct lymphoid (TDL) cells via surgically placed Bollman
fistulae.'S TDL were collected for 24 hr in RPMI 1640
containing 10 U/ml of preservative-free heparin main-
tained at 4°C. TDL was depleted of lymphdbiasts, B cells,
and other adherent cells by brief incubation in nylon wool
columns according to the method of Julius et al'
Effluent TDL were suspended in RPMI 1640 containing
Pen/Strep and 5%-10% fetal calf serum (FCS, Grand
Island Biological Co., Grand Island, N.Y.), and incu-
bated in T-25 flasks (Falcon) at densities of 3-7 x 10°
cells per flask. Each flask was examined by phase micros-
copy at daily intervals. After 3 days incubation, nonad-
herent lymphoid cells were removed, and the remaining
cells were returned to theincubator in fresh.media. Cells
were characterized and counted through 25 randomly
selected 1 sq mm fields, and. the numbers calculated to
represent percent of the 3 x 10° TDL added.

Morphology, motility,.and capacity for phagocytosis of
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carbon or zymosan particles were used to characterize
living cells. Selected cultures were fixed in 2% phosphate-
buffered glutaraldehyde, pH 7.2, for 1 hr at 37°C,
washed, and treated overnight with 107*M glycine to
prevent nonspecific protein binding to free aldehyde
groups. (

Surface - markers were labeled with antibody or
complement'® linked to bacteria in a binding assay, which
also yielded good morphology. Protein-A bearing staphy-
lococci were used to localize antibodies bound to cell
surface antigens. Surface immunoglobulin (sIg) was
labeled by 7s rabbit anti-rat IgG (heavy chain specific,
Miles Yeda); Fc receptors bound 7s rabbit anti-rat IgG/
rat IgG immune complexes prepared at equivalence; and
Ia antigens were labeled using an IgM rat-mouse hybri-
doma antibody H-76 characterized elsewhere.'” This
IgM anti-la reagent bound protein-A Staph at 3-7
cocci/Ia* cell. Addition of a rabbit anti-rat IgM sand-
wich increased the number of cocci labeling each cell to
18-25 but did not result in additional labeled DC. Killed
E. coli. incubated for 15 min in fresh rabbit plasma were
used to label C3b receptors.

The adherent cell monolayers were extensively washed
with distilled water, stained with Wright’s Giemsa, and
air dried. The tops of each T-flask were cut off using a
hot knife and coverslips were mounted on the cell prepa-
rations using immersion oil.

Twenty rats were inoculated in the footpads and legs
with 0.2 ml of a 1:1 emulsion containing Freund’s
complete adjuvant and FITC-BSA. Prior to emulsifying,
" free fluorescein had been removed by passage over a
Sephadex G-25 column. Bollman fistulae were estab-
lished 1, 3, 7, 14, 21, and 29 days after inoculation, and
the adherent cells in TDL were characterized as
described above. In addition, glutaraldehyde-fixed
unstained preparations were examined by fluorescence
microscopy to detect bound or internalized FITC-BSA.
Representative popliteal lymph nodes were excised, fixed,
and prepared for transmission electron microscopy by
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previously reported methods,® and the tissues were
examined for possible lymphocyte DC interaction.

RESULTS

Fresh TDL from normal LEW rats
contained less than 0.1% monocytes, and none
of these cells had dendritic processes. After
1848 hr in culture 25,093 + 958 in 3 x 10°
TDL cells were clearly identifiable as motile
monocytes or macrophages (Table 1). This
eightfold increase in proportion of monocytes
to 0.84% could have resulted from maturation
of small monocytes that resembled lympho-
cytes initially. A few cells exhibiting multiple
dendritic processes were found at this time,
but there were not enough DC to count until
72-96 hr. After 4 days in culture, each flask
contained 1130 = 53 morphologically recog-
nizable dendritic cells or 0.04% of the TDL
inoculatum (Fig. 1). The cytoplasm of these
stellate cells contained phase dense mitochon-
dria but no discernible phagolysosomes. DC
had small irregular nuclei that were smaller
than those of monocytes and had heterochro-
matin markings similar to those of lympho-
cyte nuclei. These DC did not ingest carbon
or zymosan particles as did the surrounding
monocytes and. macrophages. Monocytes
made transient contact with stationary DC as
they locomoted past. Syngeneic small lym-
phocytes bound avidly to the thin processes of
DC when they were added back to some of
these cultures (Fig. 2). After separating from

Table 1. Macrophages and Dendritic Cells Present in Normal Rat TDL

Flask No. Macrophages Percent Dendritic Cells Percent
1 28,610 .95 1,200 .047
2 24,650 .82 1,200 .047
3 20,570 .69 1,175 .039
4 22,240 .74 800 .026
5 28,500 .95 1,100 .033
6 21,930 .73 975 .042
7 24,280 .81 1,400 .040
8 25,680 .86 1,200 .047
9 29,420 .98 1,260 .032
10 25,050 .84 1,000 .037
Mean +1 SEM 25,093 + 958 ) .84 + .1 1,130 + B3 .039.+ .002

The first 24-hr collection of thoracic duct lymphocytes was ‘‘filtered’”’ over nylon wool to remove adherent cells, and
monolayers consisting of 3 x 10° cells were cultured in T-25 flasks. The cells that differentiated into adherent cells from small
lymphoid cells were counted onthe fourth day of culture after all the nonadherent cells were removed.
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Table 3. Proportion of Dendritic Cells and
Macrophages Present as Precursors in TDL From
(FITC-BSA) CFA Immunized Rats

Days
Past Percent DC Percent M
Inoculation x + Ise X + Ise
0 0.04 + 0.002 0.84 + 0.01
3 0.00 0.23 + 0.06
7 3.97 + 0.30 4.54 + 0.08
14 7.10 + 1.62 6.81 + 0.41
21 3.69 + 0.49 4.06 + 0.32
30 3.21 + 0.02 3.97 + 0.26

These data show a marked increase in proportion of DC
following immunization. The increases were actually greater
because the volume and cell output also increased during
these time periods.

Increase in DC to 7% to TDL represented a
175-fold jump in concentration, while the
increase to 6.8% macrophages was barely
significant. Total TDL output was increased
during this period (data not shown). During
peak output of DC-containing TDL (day 14),
between 60% and 80% of these cells were C3b
receptor positive. Unstained monolayers were
examined by fluorescence microscopy to
detect whether cell-associated FITC-BSA
was carried over into the TDL. Clumps of
fluorescent material were found in monocytes
and macrophages and dendritic processes of
DC were faintly fluorescent. However,
considerable free fluorescent material was
present in the background, and it was possible
that FITC had been enzymatically cleaved
from the BSA carrier and -was absorbed
nonspecifically by DC. '
Transmission electron microscopy of corti-
cal tissue from popliteal lymph nodes

removed 7-14 days after immunization -

revealed an increase in cells with lymphoid
character and dendritic morphology. There
were 2-3 DC per 20 grid spaces (300-mesh
copper EM grids of about 3 mm diameter) in
normal lymph nodes, while 5-7 DC were
located within cortices of “immune” lymph
nodes. These dendritic cells physically inter-
acted with other nodal cells. Interlacing
complexes of macrophage, lymphoblast, and
multiple small lymphocytes were formed by
nexus-like junctions between the processes of
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dendritic cells and the surrounding lymphoid
and mononuclear cells (Fig. 4).

These dendritic cells did not contain phago-
lysosomes or other structures associated with
endocytic activity. Instead, there were numer-
ous mitochondria, tubulovesicular structures,
and a golgi zone containing vessicles and
bundles of microtubules. The near absence of
rough endoplasmic reticulum and a relative
paucity of polyribosomes suggested that these
cells may carry out limited synthetic activity,
but the extensive cytoplasmic equipment for
energy metabolism and vessicle transport
supported a secretory function for these cells.
It remains to be shown whether these morpho-
logically similar dendritic cells are the same "
or different from those described by other
methods.

DISCUSSION

Mononuclear cells with dendritic morphol-
ogy have been described in various sites
within lymphoid tissues. Because of their
intricate associations with numerous sur-
rounding cells, these unusual cells have been
assumed to contribute something to the
microenvironment. In B-cell areas, follicular
dendritic cells (FDC) were the first cells to be
described as “antigen-presenting” cells be-
cause radioactivity associated with the
labeled antigen used for primary immuniza-
tion persisted in these cells long after the label
was lost from lymphatic sinusoidal macro-
phages.! Szakal and Hanna also demon-
strated that FDC bound more antigen on
secondary exposure than primary.?' It has not
been resolved to what degree “cytophilic anti-
body,” Fc receptors, or complement receptors
are involved in antigen binding to FDC.
Because germinal follicles usually form late in
a primary response it is believed that FDC
might somehow function to maintain B-cell
memory.”? Interdigitating dendritic cells
(IDC) with electron lucent cytoplasmic
processes containing tubulovesicular struc-
tures have been found among the T cells in
the paracortex of lymph nodes,” in the corti-
comedullary border of the thymus,® and
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within the periarteriolar lymphatic sheath of
the spleen. These cells resemble Langerhans
cells, and some investigators described striate
granules in the cytoplasm of IDC that are
characteristic for LC. LC isolated from rabbit
skin produce dendritic processes in vitro and
stimulate T-cell proliferation in allogeneic
MLR." There are also suggestions that LC
bind contact-sensitizing agents with high
affinity and exhibit them on their surfaces
after skin exposure.*” Finally, marginal zone
cells (MZC), which lie in the perimeter of the
splenic periarteriolar lymphatic sheath, have
recently been isolated after exposure to
labeled starch antigens.* These cells also ex-
hibit dendritic processes in vitro and concen-
trate antigens in the regions of the spleen that
lie in the path of trafficking T and B cells.
This list of possible antigen-presenting cells
possessing dendritic morphology suggests a
functional dichotomy, there may be DC that
selectively interact with different classes of
lymphocytes. For example, C3R + FDC may
associate with B cells and IDC may interact
with T cells.

In the present study, cells with dendritic
morphology but segregating into two types,
based on ability to bind complement-coated
E. coli,, were found to differentiate from
small lymphoid cells in rat TDL. These DC
were initially nylon wool nonadherent, but
adhered by 72-96 hr as they produced their
dendritic processes. Both forms of DC were
casily distinguished from TDL-derived mono-
cytes or macrophages by their multiple elon-
gated ‘“‘dendrites,” failure to phagocytose

carbon and zymosan particles, and sessile -

nature. Lymphocytes adhered to DC pro-
cesses with high affinity and migrating mono-
cytes often explored their surfaces. Staph
protein-A specific antibody sandwich tech-
niques failed to identify surface immunoglo-
bin or Fc receptors on DC. However, both DC
and macrophages labeled with hybridoma
antibody directed to rat Ia antigens. When
tested for complement receptors, two forms of
DC could be distinguished: (1) Ia* FcR~
C3bR™ or (2) Ia* FcR™ C3bR*. Since LC,
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MZc, and macrophages are FcR and C3R
positive, it is not likely that the DC in TDL
are any of these cell types. However, DC did
express C3b receptors after FITC-BSA in
complete Freund’s adjuvant was used to
immunize the rats used as sources to TDL.

Lymphoid dendritic cells (DC) of splenic
origin have been described as potent stimula-
tors of the primary allogeneic mixed leuko-
cyte reaction (MLR), and they prime for
production of allospecific cytotoxic T cells.'""?
Many of the characteristics we see in differ-
entiated DC from TDL resemble those of DC
isolated from mouse spleens. Although puri-
fied DC have not been shown to present
soluble antigens, their ability to stimulate
lymphocyte proliferation in syngeneic MLR
suggests that DC display environmental anti-
gens or that contact with these cells nonspe-
cifically enhances cell division. It cannot be
directly stated that DC are the antigen-
presenting cells, but circumstantial evidence
for this function has been accumulated.
Maneuvers designed to eliminate monocytes
and macrophages from cultures also remove
dendritic cells and result in diminished
immune responses. In addition, DC share
with antigen-presenting accessory cells the
characteristics of surface adherence, radia-
tion resistance, la antigen positivity, and
absence of surface markers specific for T or B
lymphocytes.” These “null” cells, which
expresses 1-A and I-E subregion determined
surface antigens, could as easily be DC as
monocytes or macrophages, and a pressing
current question is whether one or both cell
types are needed for antigen acquisition and
presentation in vitro.’ Our ultrastructural
studies®® confirm observations of others” that
cells with dendritic morphology are usually
found in contact with macrophages and
lymphocytes. This physical association could
be a coincidence, but it might also suggest
that macrophages and DC cooperate to
achieve both antigen processing and presenta-
tion.

Functional studies of these TDL-derived
DC are still preliminary, but recent data
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(Anderson and Peters, unpublished) suggest
that the (Ia*, FcR~, C3bR*) DC enhance
B-cell proliferation and differentiation into
IgG or IgA secreting cells. Thoracic duct
lymph is known to receive a large contribution
of lymphoid cells from the intestinal lympha-
tics and mesenteric lymph nodes.? It is possi-
ble that the DC present in normal rat TDL
reflect background immune responses to envi-
ronmental antigens in the intestine and
Peyer’s patches.”” This is also supported by
observations that TDL often contain B cells
that differentiate into IgA-forming celis in
culture.?®

Macrophages and small cells with phago-
cytic capacity have been demonstrated in rat
TDL using radiolabeled colloidal gold,*' and
earlier studies documented the ability of cells
resembling lymphocytes in TDL to differen-
tiate into monocytes and macrophages after
transfer.’>*® While small numbers of these
cells are known to be present in TDL, it has
generally been assumed that they would be
filtered out by passage over nylon wool. The
present study demonstrates that the differen-
tiated monocytes but not the small “precur-
sor” cells are removed by nylon wool passage.
This may relate to temporary effects of the
heparin used in the collection media on
phagocytosis and cell surface adhesion. Hepa-
rin has been shown to contribute to “activa-
tion” of macrophage proliferation and hepa-
rin treatment blocks phagocytosis of some,
but not all substances. It is unlikely that DC
are an artifact of heparin treatment rather
than a distinct cell type because normal
monocytes and macrophages present in TDL
recovered from heparin treatment and
behaved normally after overnight incubation.

Normal TDL has been described as the
least effective source of antigen-presenting
cells,” but low levels of antigen-induced
proliferation can be initiated with TDL cells,
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reflecting with antigen-presenting cells may

be present but in low concentrations.

Certainly 0.04% of TDL is a low concentra-
tion of cells, and if TDL were collected at
room temperature rather than at 4°C, adhe-
sion to the vessel surface might further
deplete DC and macrophages.

The significance of finding low levels of
dendritic cells in normal thoracic duct lymph
is not yet clear, but these cells might have
some role in either the induction or mainte-
nance of immunity since they increase in
concentration 100:fold following immuniza-
tion with adjuvantized FITC-BSA. It is not
known whether cell division, increased traffic,
or increased mobilization results in the
enhanced TDL output of DC. It is tempting
to propose that these cells may present anti-
gens, but more direct observations are neces-
sary. The faint fluorescence we observed in
DC processes following FITC-BSA immuni-
zation might be artifactual if reticuloendothe-
lial cells cleaved FITC from BSA.

Dendritic cells neither divided nor died
during the 5 weeks of study. The maximum
longevity of DC has not yet been determined,
but ongoing studies suggest the possibility
that these cells may be long-lived. Since DC
label readily with *H-uridine,’ it is also possi-
ble that their traffic and sites of localization
might be followed. Cells that are in states of
transformation such as intermediary lympho-
cytes and lymphoblasts usually become
sequestered in the spleen nonspecifically by
filtration from the blood. Perhaps the fate of
DC is to accumulate in the spleen and, either
by themselves or together with macrophages,
provide this tissue with a microenvironment
conducive to antigen presentation.
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