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AN ANTIGEN-INDEPENDENT CONTACT MECHANISM AS
AN EARLY STEP IN T CELL-PROLIFERATIVE

RESPONSES TO DENDRITIC CELLS

BY KAYO INABA, NIKOLAUS ROMANI, AND RALPH M. STEINMAN

From the Department ofZoology, Kyoto University, Kyoto 606, Japan; and
The Rockefeller University and the Irvington Institute, New York, New York 10021

The administration ofan antigen to the immune system can lead to the selection
and expansion of clones precommitted to respond to that antigen. Antigens are not
presented directly to Tlymphocytes. Instead, antigens are processed and complexed
to transmembrane products of genes in the MHC. The antigen-MHC complexes
then are presented on the surface of APC (1-4) .
How might antigen-MHC complexes on the surface ofAPC find and select clones

of T cells that are specific to that antigen, since neither the ligand nor the TCR
are free to diffuse in solution? Also, the amount of peptide/MHC complex and the
frequency of antigen-specific T cell clones both may be small. Nonetheless, it is evi-
dent that antigens on dendritic cells are capable of selecting specific T lymphocytes
from a pool of lymphocytes in culture. For example, on the first day of a primary
MLR, most of the antigen-specific T cells have formed clusters with dendritic cells
(5, 6) . The clustered lymphocytes then proliferate and release lymphokines . The
specificity of the dendriticT cell binding is evident by the facts that (a) the non-
clustered population is selectively depleted of antigen-reactive T cells; and (b) the
lymphoblasts that are derived from the clusters bind and respond to those dendritic
cells bearing the original stimulating antigens (5-7) . Likewise, in primaryT-dependent
antibody responses to red cells and hapten-carrier conjugates, most of the antibody-
secreting cells arise from clusters of interacting dendritic cells, B, and T lympho-
cytes (8, 9) . During the antibody response, Th cells may first be bound by the den-
dritic cell ; then the activated helper cell binds the antigen-specific B cell (8, 10).

To bring about clonal selection, it has been hypothesized that dendritic cells ex-
hibit an antigen-independent but reversible binding mechanism for surveying resting
T lymphocytes (7, 11) . T cells are retained in these cell aggregates as long as there
is complementarity between the presented antigens and the TCR. Antigen-
independent binding between dendritic cells and T lymphocytes has been demon-
strated using T lymphoblasts as test cells (7). Here we describe a model that indi-
cates that such an antigen-independent mechanism occurs with resting T cells .

This work was supported by grants from the Japanese Ministry of Health and Welfare, the Shimizu
Foundation (1988) for the Promotion of Immunology Research, and grant AI-13013 from the National
Institutes ofHealth . N . Romani holds a fellowship from the Max Kade Foundation. Address correspon-
dence to Ralph M. Steinman, Box 280, The Rockefeller University, 1230 York Avenue, New York, NY
10021 .
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ANTIGEN-INDEPENDENT DENDRITIC T CELL BINDING

The model involves certain dendritic cells, those from thymus and skin (Langer-
hans cells [LC] 1 ), which have small but nonetheless significant levels o£ one type
of receptor for immune complexes, type II Fc-y receptors (FcyRII) (12) . FcR on the
APC present anti-CD3 mAb to the CD3 portion of the TCR complex, thus bypassing
the a/(3 clonotypic portion ofthe TCR and providing an intense polyclonal stimulus
(13) . Even though LC have only small numbers of FcR, -2,000 per cell, the LC
is a potent APC for anti-CD3 responses (12) . One would assume that the FcR and
anti-CD3 substitute for antigen on APC and function early on to "oponsize" or bind
the T cell to the LC. However, we will present evidence that the initial binding of
large numbers of T cells to dendritic cells does not require either FcR or the anti-
C133 mAb, suggesting that dendritic cells can "survey" T cells by an antigen-
independent mechanism . We also describe two-chamber experiments indicating that
dendriticT cell contact is essential for mitogenesis .

Materials and Methods
Mice.

	

Male or female BALB/c x DBA/2 F, mice were purchased from the Trudeau In-
stitute, Saranac Lake, NY and used at 6-9 wk of age .
m 4bs.

	

2 .462 anti-FcyRII (14), S4B6 anti-IL-2 (15), F4/80 (16) and Ml/70 (17) an-
timacrophage, B21-2 (18) and M5/114 (19) anti-MHC class II or anti-la, GK1.5 anti-CD4
(20), 53-6.7 anti-CD8 (21), F441.8 anti-CDlla/LFA-1 (22), and 11BIl anti-IL-4 (23) were used
as hybridoma culture supernatants ; 2C11 anti-CD3 (24) as ascites.

Dendritic Cells.

	

Thymi were digested with collagenase . Low density cells, corresponding
to 2-5% of the total, were isolated on albumin columns (25) . An adherent low density frac-
tion, containing macrophages and dendritic cells, was prepared and cultured overnight . Cells
that eluted from the culture surface were depleted ofresidual macrophages by rosetting with
antibody-coated red cells, providing a dendritic cell-enriched fraction that was >90% pure
by morphology and surface markers, i .e., abundant class I and II MHC products and ab-
sence of B, T, and macrophage antigens (25) . LC were enriched from fresh or cultured
epidermal cell suspensions as described (12, 26, 27) . In most cases, the experiments utilized
3-d cultured LC that were enriched to 50-80% purity on albumin columns (26), but for
some experiments (Results ; Table 2), the LC were purified to >80-90% purity using a pan-
ning technique (27) . Both thymic and epidermal dendritic cells did not bind antibody-coated
RBC, but they did express small amounts ofFcyRII as detected by a sensitive FACScan flow
cytometer or by binding of 125I-anti-FcR mAb (12) .
TCells.

	

Nylon wool-nonadherent mixtures of spleen and lymph node cells were treated
with anti-Ia and complement and pelleted in discontinuous Percoll gradients (45:54:63%)
to provide accessory cell-depleted populations (12) . The high density la- T cell populations
showed little or no background proliferation to the mitogens con A or anti-CD3 mAb, even
when cultured at 2-3 x 105 cells/microwell (see Results) .
APC-T Cell Clustering and T Cell Mitogenesis.

	

Dendritic cells were mixed with T cells at
a ratio of 1:50 in the MLR (H-2d dendritic cells stimulating H-2k T cells) (5) or 1 :80-1 :100
in the presence of 2C11 hamster anti-mouse CD3 (12) . 5-10 x 10 6 T cells were cultured in
polystyrene tubes (2057 ; Falcon Labware, Oxnard, CA) in 1 ml ofRPMI 1640 supplemented
with 5% FCS (Hazelton Systems, Inc ., Aberdeen, MD) 20,ug/ml gentamicin, and 50 jAM
2-ME. For peritoneal exudate macrophages, tubeswith minimal protein absorption (Minisorp,
466982 ; Nunc, Roskilde, Denmark) were used . 3-12 h after mixing APC and T cells, the
contents were gently resuspended by swirling and two tubes were applied per column of 5
ml 50% FCS-RPMI 1640 . After sedimentation at 1 g for 1 h at 4°C, cell clusters pelleted
to the bottom 1 ml ofthe column. Cluster and noncluster fractions corresponding to 10-20%
and 30-40% of the applied cells were obtained . To minimize handling of the clusters, which
could be dissociated by pipetting, the bottom 1 ml ofthe column with the clusters was diluted

I Abbreviation used in this paper: LC, Langerhans cells .
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to 10 ml or more with culture medium and distributed in graded doses . The culture vessels
were either microtest wells (25860; flat-bottomed, Corning Glass Works, Corning, NY; 76-
013-05 round-bottomed, Flow Laboratories, McLean, VA) with 0.2 ml total medium, ormacro-
test wells (25820; Corning Glass Works) containing 0.4-,u millipore filter inserts (PIHA 01250 ;
Millipore Continental Water Systems, Bedford, MA). 0.5 ml ofthe cell suspension was placed
in the top chamber and 0.7 ml in the bottom, at doses indicated in Results. DNA synthesis
was monitored by adding 1-4 IACi of [ 3H]TdR (6 Ci/mmol ; 4 ACi/ml final concentration)
for 8-16 h .
T Cell Growth Factors.

	

Production of growth factors from APCT cell clusters was mea-
sured using either the CTLL-2 cell line or con A-induced lymphoblasts as the responding
T cell . To determine the relative contribution of IL-2 vs. IL-4 as growth factors, we added
the S4B6 (15) or 11B11 (23) neutralizing anti-IL-2 and anti-IL-4 mAb, respectively.

Cytologic Assays.

	

After separation on serum columns, the clusters were spun onto glass
slides (Cytospin 2 ; Shandon Southern Instruments Inc ., Sewickley, PA) . After fixation in
acetone for 5 min at room temperature, the slides were exposed successively to hybridoma
culture supernatants (see above), biotin-rabbit anti-rat Ig, and avidin-biotin-peroxidase com-
plex (Vector Laboratories, Inc., Burlingame, CA). The peroxidase was visualized with di-
aminobenzidine-hydrogen peroxide . Nuclei were counterstained with hematoxylin .

Results
Anti-CD3-induced TCell Proliferation Occurs in APC-T Cell Clusters.

	

The 2C11 anti-
CD3 rnAb (24) and small numbers ofAPC were added to cultures ofT lymphocytes
from spleen and lymph node, at a ratio of 1 :100 . Dendritic cells from thymus or
epidermis were compared with peritoneal macrophages . Within 2-4 h, most of the
APC had formed aggregates with -20% of the T cells . Clustering was assessed by
separating aggregates and nonaggregates by 1-g sedimentation and then immuno-
labeling with mAb to the surface of the APC (Fig . 1) . The clusters that formed with
dendritic cells or macrophages appeared similar at the light microscope level . Most
of the aggregates contained more than one APC, and the ratio of lymphocytes to
APC was -10-20 :1 . Both CD4 and CD8 T cells were represented in the clusters
(not shown) .
When the cell clusters were returned to culture, active DNA synthesis was ob-

served within 1 d and was dependent upon the continued presence of the 2C11 anti-
CD3 mAb (Fig . 2, compare closed and open symbols) . Large responses were gener-
ated by small numbers of clustered cells in 6-mm microtest wells, e.g ., 5,000 cells
as compared with standard doses of 300,000 T cells that are used to study mitogen-
esis (Fig . 2) . Many of the clustered lymphocytes became enlarged lymphoblasts, and
many mitotic figures were observed (not shown).

In the above experiments, the T cells that had not formed clusters at 3-4 h were
recultured with or without a fresh inoculum of dendritic cells or macrophages . Regard-
less of the APC that was used to form the clusters initially, isolated nonclustered
cells did not proliferate . However, the nonclustered cells were as responsive as bulk
T cells to a fresh inoculum of either dendritic cells or macrophages (Fig . 3) .

Antigen-independent Dendritic-T Cell Cluster Formation.

	

Previously it was shown that
the mitogenesis response to anti-CD3 mAb was blocked with the 2AG2 anti-FcR-YII
antibody, and that this reagent acted at the level of the APC rather than the T cell
(12, 28) . One might expect that FcyRII would be required for the initial binding
of the T cell to the APC, as occurs in classical opsonization of bacteria and cells
to phagocytes .
However, 2AG2 did not block binding of T cells to dendritic cells in the presence

D
ow

nloaded from
 https://rupress.org/jem

/article-pdf/170/2/527/488764/527.pdf by R
ockefeller U

niversity user on 21 July 2020



530

	

ANTIGEN-INDEPENDENT DENDRITIC T CELL BINDING

FIGURE 1 .

	

Clustering of APC with T lymphocytes. Cultured LC (top) or peritoneal cells con-
taining 30% macrophages (bottom) were cultured with T cells at an APC/T ratio of 1 :100 or 1 :30,
respectively, for 3 h in the presence of anti-CD3 . Clusters were separated by 1-g sedimentation,
cytospun onto slides, immunolabeled with mAb to identify the APC, and counterstained with
hematoxylin to show the T cells. The mAbs were B21-2 anti-I-A for dendritic cells, or a combina-
tion of F4/80 and M1/70 for macrophages. Bar, 0.09 mm (x 81) .
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FIGURE 2.

	

Proliferative responses to anti-CD3 occur in APCTcell clusters. Thymic dendritic
cells (left) or peritoneal macrophages (right) were added together with 2C11 anti-CD3 ascites (pla-
teau dose of 1 :2,000) to Tlymphocytes for 4 h. Clusters were isolated and cultured at the indi-
cateddoses in microtestwells with (closedsymbols) or without (open symbols) furtheranti-CD3 mAb.
1 ACi [3H]TdR was added for 6 h, and replicate cultures were harvested to assay [3H]TdR up-
take at the indicated times .

D
ow

nloaded from
 https://rupress.org/jem

/article-pdf/170/2/527/488764/527.pdf by R
ockefeller U

niversity user on 21 July 2020



INABA ET AL.

	

53 1

iCP

	

FIGURE 3 . Nonclustered T
onti-C03

	

lymphocytes are fully responsive
T cells

	

-

	

+

	

toAPC . Thymic dendritic cells
(left), peritoneal macrophages

1 D°

	

=

	

Noncluster

	

O

	

"

	

(right), or LC (not shown) were
Bulk

	

o A

	

cultured with T lymphocytes
O

	

O~0

	

and anti-CD3 mAb for 3 h .
E

	

101

	

O O~

	

Cluster and noncluster fractions

~/

	

O/

	

ono

	

were isolated . The nonclusters,
O/ as well as a sample of bulk T

A-4

	

cells that had not been previ-
103	10 1	10- ,	l D'

	

ouslyexposed to APC, were cul
Number of Thymic DC

	

Number of Peritoneal Mm

	

tured at 2 x 105 cells/microtest
well in the presence ofthe indi-
cated doses of fresh accessory

cells . In the absence ofAPC, the nonclustered and bulk T cells showed only 400-800 cpm of [ 3H)TdR
uptake, which was measured at 28-32 h . The APCT cell clusters, at 10 5 cells/well, exhibited 1 .2-1 .5
x 105 cpm uptake (not shown). Also not shown are "heterologous" APC data, in which macrophages
were used to restimulate the nonclusters from thymic DC and vice versa ; these T cells gave the same
response as the "homologous" systems shown here.

of anti-CD3 mAb; in fact, comparable clustering occurred in the presence or ab-
sence of anti-CD3 (Fig. 4, A-C) . Clustering did not occur when dendritic and T
cells were mixed on ice however (not shown) . In contrast to dendritic cells, macro-
phageT cell binding was blocked by anti-FcyRIIandrequired anti-CD3 (Fig . 4, D-F) .

To prove that comparable numbers of responsive lymphocytes had bound to den-
dritic cells in the presence or absence of anti-CD3 or anti-FcYRII, the clusters that
had formed under each of the above conditions (-/+ anti-FcR, -/+ anti-CD3)
were isolated on velocity gradients in two experiments. About 30% of the total cells
in the culture were found in the cluster fractions formed in the presence or absence
of anti-FcR and/or anti-CD3 . Each set of clusters proliferated comparably when
returned to culture, and this proliferation was dependent upon FcR and anti-CD3
(Table I) . We conclude that a ligand for the TCR (FcR and anti-CD3), while not
essential for clustering, is required forDNA synthesis. We therefore refer to the ini-
tial binding mechanism that brings dendritic cells and large numbers of T lympho-
cytes together as antigen independent. The T cells most likely are resting lympho-
cytes since they are small, high density, and IL-2 unresponsive (see below) .

The T Cell Binding Mechanism of LC Matures in Culture.

	

Prior observations indi-
cated that epidermal dendritic cells (LC) in freshly prepared suspensions were weak
accessory cells forT cell-proliferative responses to transplantation antigens andpoly-
clonal mitogens (26, 29). Strong accessory function developed when the LC were
cultured for 2-3 d in the presence ofkeratinocytes or their product, granulocyte/mac-
rophage-stimulating factor. We tested if the capacity to bind resting T cells also de-
veloped in culture, using the anti-CD3 response as a way to stimulate the T cell
independent of antigen-presentation .
When fresh LC were mixed with T cells in the presence of anti-CD3, clusters

were formed (Fig . 5) . These clusters couldbe isolated on velocity gradients, but they
were unstable and would disassemble upon handling, or shortly after being placed
into culture. The fact that the clusters with fresh LC were so weak was striking,
since fresh LC have 10 times more FcRII than cultured LC (12) . When the experi-
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TABLE I

Anti-CD3 and FcR Are Required for Mitogenesis, not Clustering, of
Dendritic Cells and T Lymphocytes

DC-T cell clusters were allowed to form t a-CD3 and/or t a-FcRII mAb
for 3 h. Clusters were isolated on 1-g velocity columns. The yields of clusters
were identical . The antibodies were removed by two washes using low speed
centrifugation (80 g, 4 min) . The clusters were resuspended gently in culture
medium and cultured at the indicated doses in round-bottomed wells t ceCD3
mAb and/or t a-FcRII [ 3H]TdR was added at 17-29 h to measure DNAsyn-
thesis . Note that all clusters proliferated similarly in the presence of a-CD3 ir-
regardless ofthe presence or absence of a-CD3 and a-FcRII during clustering
(left column).

ments were repeated with LC that had been cultured overnight, the clusters that
formed with anti-CD3 mAb were still less stable than those formed with 3-d cul-
tured LC.
The function of LC-T cell clusters was assessed by monitoring DNA synthesis

ofcomparable numbers of clustered cells that had been formed with anti-CD3 plus
LC that hadbeen cultured for 0, 1, or 3 d. The clusters formed with 3-d LC prolifer-
ated the most actively (Table II). In each case, the observed synthesis of DNA was
blocked by 2AG2 mAb. These results indicate that 3-d cultured LC have developed
the ability to retain and stimulate T cells in the anti-CD3 system . This functional
property of the LC increases as the expression of needed Fc-yRII decreases .

Two-chamberExperiments to Show that APCT Cell Contact, Rather than Lymphocyte-activating
Factors, Are Required to InitiateMitogenesis. To determine ifdendriticT cell clustering
was essential for mitogenesis, or was simply required to release required lymphocyte-
activating factors, we performed two-chamber experiments . Clusters of dendritic

mAb during
clustering
(0-3 h)

mAb

(3-38

a-FcR

during
mitogenesis

h)

a-CD3

DNA synthesis with clustered cells

8 x 104 4 x 10 4 2 x 104

at :

10 4

cbm 13HJTdR x 10-3

None - - 4.1 2.2 9.7 7 .6
- + 177.1 124.4 49 .6 19 .1
+ - 17 .9 19 .6 14 .0 1 .9
+ + 80 .0 15 .4 2.6 0.4

a-CD3 - - 170.1 112 .0 59 .3 26 .8
- + 178.3 117.5 67 .9 31 .1
+ - 48 .7 25 .6 11 .6 4.1
+ + 37 .2 14.0 8.9 3.7

a-FcR - - 4.7 2 .7 0.9 0.6
- + 190.8 113 .1 58 .0 27 .6
+ - 4 .8 2 .3 0.8 0.4
+ + 77 .1 37 .9 10 .8 22 .1

cr-CD3 - - 152 .1 119 .5 67 .0 33 .4
a-FcR - + 162 .5 115 .8 60 .3 29 .6

+ - 79 .1 49 .2 21 .0 12 .5
+ + 46 .1 17 .5 14 .6 5.4
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T cell growth factor release from dendriticT cell clusters. Thymic dendritic cells
were cultured for 3 h with syngeneic T cells at a ratio of 1:50 in the presence of 2C11 mAb in
polyethylene tubes . Several cell populations (see headings, A-D) were then cultured for 11 h and
the medium was harvested for assay of T cell growth factor activity either on the CTLL cell
line (shown here) or con A-induced lymphoblasts (not shown). In addition, clusters were isolated
and 3 x 10 5 cells added to the upper chamber ofdual-chamber wells . The medium in the upper
(E) and lower (F) chambers was taken at 11 h and tested in the bioassay. To identify the growth
factor, we tested if the activity was inhibited by S4B6 anti-IL-2 and 11811 anti-IL-4.

535

cells and T lymphocytes were placed in one chamber and T cells in the other. We
first checked that theAPCTcell aggregates released growth factors that could cross
the 0.4-j, filter into the second chamber. Growth factor was detected in both chambers
using as a bioassay either the CTLL line (Fig . 6) or con A-induced lymphoblasts
(not shown). The factor was primarily IL-2, since, in both bioassays, it was almost
entirely blocked by the neutralizing anti-IL-2 mAb, S4B6, but not by anti-IL-4 mAb,
1IB11 (Fig. 6) .

If T cells were separated from dendriticT cell clusters by a membrane with 0.4
1, pores, and anti-CD3 mAb was present in both chambers, the isolated T cells did
not proliferate but the clustered lymphocytes did (Table III, groups 6-8) . When the
T cells were added to the chamber containing the clusters, an enhanced T cell prolifer-
ative response was noted (Table III, 9-11). This indicated that the clusters were not
consuming all available growth factors . Similar results were obtained when macro-
phageT cell clusters were placed in the inner chamber.
The experiments were repeated, but now nonclustered T cells were studied in

addition to bulk T lymphocytes (Table IV). Nonclusters could differ from bulk T

D
ow

nloaded from
 https://rupress.org/jem

/article-pdf/170/2/527/488764/527.pdf by R
ockefeller U

niversity user on 21 July 2020



536

	

ANTIGEN-INDEPENDENT DENDRITIC T CELL BINDING

104

LC were enriched by a panning technique (27) after 0, 1, and 3 d of epidermal cell culture .
The LC were mixed with purified T cells at a dose of 1 :50 for 3 h at 37°C in the presence
of 2C 11 anti-CD3 mAb to allow clusters to form . The cells were applied to a serum gradient,
to allow the clusters to sediment, and the nonclusters were aspirated . The clusters were washed
twice, gently resuspended, and cultured at the indicated doses another 28 h - / + anti-CD3
- / + anti-FcRII . DNA synthesis was measured at 24-31 h.

TABLE II
Cultured LC More Effectively Stimulate Bound T Lymphocytes

TABLE III
T Cells Are not Activated when Separated from DC-T Clusters by a Filter

Thymic dendritic cells were added to the inner chamber with 3 x 10 5 spleen-lymph node T
cells . The outer chamber contained medium (groups 3-5), 106 T cells (groups 6-8), or mix-
tures of 106 T cells and the contents ofthe inner chamber (groups 9-11). 5 WCi [3H]TdR was
added at 40 h and aliquots were tested for thymidine uptake at 48 h.

LC used to
form clusters

Anti-CD3
(3-31 h)

Other mAb
(3-31 h)

DNA synthesis (24-31 h) by
LC-T cell clusters cultured at a dose of:

10 5 5 x 10 4 2.5 x 10 4 1 .25 x

cpm (3HJTdR x 10 -3

day 3 LC - None 144.5 105.8 79 .8 36 .8
+ None 174.2 127.7 98 .4 48 .6
- a-FcR 64.0 37 .5 16 .6 10 .4
+ a-FcR 68 .1 28 .5 17 .6 7 .7

day 1 LC - None 35 .5 21 .4 10 .8 4.9

+ None 101 .9 54 .1 37 .0 16 .4
- a-FcR 3.3 1 .7 0.9 0.6
+ a-FcR 2.7 1 .8 1 .3 0.6

day 0 LC - None 4.0 1 .8 1 .1 0.5
+ None 42.8 2 .0 7.3 4.7
- a-FcR 0.5 0.5 0.3 0.3
+ a-FcR 0 .5 0.5 0.6 0.3

T only - None 0 .3 0.4 0.6 0.3
+ None 0.9 0.4 0.4 0.4

Group

Cells in :

Outer
chamber

Inner
chamber

Proliferative in :

Outer Inner
chamber chamber

cpm (3HJTdR
1 T only - 0.3
2 T + IL-2 - 0.3

3 Medium T + DC, 3 x 10 4 0.1 97 .8
4 Medium T + DC, 104 0.1 68 .8

5 Medium T + DC, 3 x 10 3 0.1 31 .3

6 T T+DC,3x104 0.4 94 .9
7 T T + DC, 104 0.3 66 .1

8 T T+DC,3x103 0.2 33 .1

9 T + (T + DC), 3 x 104 Medium 169.2
10 T + (T + DC), 104 Medium 140.2
11 T + (T + DC), 3 x 103 Medium 61.9

D
ow

nloaded from
 https://rupress.org/jem

/article-pdf/170/2/527/488764/527.pdf by R
ockefeller U

niversity user on 21 July 2020



INABA ET AL .

	

537

TABLE IV
Attempts to Demonstrate Lymphocyte-activating Factors from Dendritic-T Cell Clusters

A B C D E F G

The dose ofdendritic-T cell clusters (>90% T cells) placed in the inner chamber and monitored for prolifer-
ative activity in columns A, D, and F .

$ 10 6 bulk T cells were placed in the inner chamber with DC/T clusters in column B, or in the outer cham-
ber across a 0 .4-F+ millipore from the clusters in column E .

4 106 nonclustered cells were placed in the inner chamber with clusters in column C, or across a millipore
in column G . The cluster and noncluster fractions were isolated at 4 and 12 h in the two parts of this ex-
periment, which was repeated twice .

cells by having some partially activated lymphocytes that had entered and then emerged
from the dendriticT cell cluster. Cluster and noncluster fractions were isolated at
4 and 12 h of the anti-CD3 response (Table IV, top and bottom, respectively) and
cultured together or across a 0.4 i, millipore.
The 4-h nonclustered fractions would proliferate when mixed directly with the

clusters (Table IV top, columnsA-C) but would not proliferate when separated from
the clusters by a filter (Table IV top, columns E and G). In contrast, some of the
cells in the 12-h nonclustered fractions proliferated when separated from the clusters
by the filter. This level of DNA synthesis in the nonclustered fraction could be
reproduced with rIL-2 (Table IV, column G and bottom line). Since T cells did not
synthesize DNA in response to cluster-derived cytokines (Table III; Table IV top),
the findings with 12-h nonclustered cells suggest that some of the lymphocytes already
entered into andemigrated from the dendriticT cell cluster between the 4- and 12-h
time points . During that time, the T cell acquired responsiveness to IL-2 and did
not need to encounter dendritic cells or other activating factors to continue through
cell cycle.

Since the above experiments had utilized a polyclonal stimulus for the TCR, we
also evaluated if antigen-specific dendriticT cell clusters could activate otherT cells
across a millipore. To do this, we isolated dendriticT cell clusters from the primary

Length of
separation of
dendritic-T
cell clusters

Dose of
DC/T clusters'

Clusters t T cells
in inner chamber

Clusters
Clusters + Clusters +
only bulk Tl nonclusterss

Clusters separated from T cells
across a millipore

Clusters Bulk Clusters Non-
only T1 only clusters§

4 h 2 x 10 5 87 .1 149 .6 148 .2 86 .1 0 .3 85.6 0 .5
10 5 41 .3 109 .1 122 .0 40 .0 0 .3 42.4 0 .4

5 x 10 4 17 .4 70 .6 73 .9 15 .9 0 .2 16 .9 0 .3
2 .5 x 10 4 7 .4 23 .9 26 .6 7 .0 0 .2 7 .2 0 .2

1 .25 x 10 4 3 .1 8 .9 10 .0 2 .6 0 .2 2 .7 0 .3
None - 0 .2 0 .4 0 .0 0 .2 0 .0 0 .3

None + 10 A/ml rIL-2 - 0 .4 0 .6
12 h 2 x 10 5 117 .8 162 .8 166 .9 103 .8 9 .8 106 .2 50 .3

10 5 74 .3 122 .6 137 .7 63 .8 0 .5 60 .8 57 .6
5 x 104 28 .3 87 .4 109 .8 24 .9 1 .0 26 .2 50 .5

1 .25 x 104 3 .1 10 .4 16 .1 2 .5 0 .2 2 .8 10 .9
None - 0 .3 1 .0 0 .0 0 .2 0 .0 0 .9

None + 10 1~/ml rIL-2 - 0 .4 63 .1
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MLR. These clusters are the site in which the response to transplantation antigens,
or MHC products, develops (5, 6) . The clusters were added to the upper chamber
and then cultured across a millipore membrane from bulk T cells in the lower chamber.
In some cases, we added allogeneic B lymphocytes as a source of transplantation
antigen to the lower chamber that contained the T lymphocytes. Again, the den-
driticT cell clusters proliferated actively, but there was little or no DNA synthesis
by either the B or T lymphocytes in the second chamber (data not shown) . There-
fore, dendriticT cell clusters do not release factors that directly induce the growth
of B and T lymphocytes.

Discussion
Usefulness of the Dendritic Cell/Anti-CD3 Model of T Cell Mitogenesis .

	

Prior studies
had shown that small numbers of FcR on epidermal dendritic cells (LC) mediate
Tcell proliferation in the presence ofanti-CD3 mAb. It was estimated that 250 Fc-YRII
were sufficient to drive a T cell into DNA synthesis in 24 h (12) . We have pursued
this system to obtain evidence that dendritic cells first loosely bind large numbers
of T cells in the apparent absence of anti-CD3 . The T cells that we studied were
small, of high density, and unresponsive to low doses of IL-2 (Tables III and IV) .
The beauty of the model, we feel, is that one is stimulating large numbers of resting
T cells with a known ligand of the TCR complex, anti-CD3 mAb. This allows one
to distinguish events that require ligation of the TCR from those that do not. Our
results indicate that ligation of the TCR, in this case via FcR and anti-CD3, is not
required for dendritic cells to bind T cells, but that presentation to the TCR is es-
sential for subsequent entry into cell cycle (Fig . 4, Table I) . Further experiments
will be required to compare the rate ofAPCT cell binding in the presence and ab-
sence of anti-CD3, but for the time being, it is evident that dendritic cells do not
need to be presenting a ligand to the TCR to bind resting lymphocytes in large
numbers . In contrast, macrophages require FcR and anti-CD3 to bind these same
T cells (Fig. 4) .

Antigen-independent Clustering as a Feature ofDendritic Cell Function .

	

In addition to
the studies reported here, other lines of evidence have indicated that dendritic cells
have the capacity to temporarily bind to T lymphocytes, and that this binding pre-
cedes the delivery of a signal to the TCR complex. The first observations involved
stimulated T lymphoblasts . The latter were generated to one set of antigens and
then shown to bind to dendritic cells that did not carry these antigens (7, 29). In
ongoing experiments, continuous video monitoring is showing that dendritic cells
move about the culture vessel constantly surveying andbinding T cells before some
are retained .
Thebinding mechanism is not yet identified . Many mAbs to accessory molecules

like CD4 and LFA-1 do not block dendriticT cell clustering but block T cell func-
tion after clustering has occurred (30) .

In contrast to dendritic cells, macrophage binding of T cells requires FcR and
anti-CD3 (Fig . 4) . Macrophages also fail to bind resting antigen-specific lympho-
cytes in a primary MLR (6, 30, 31), but do bind to lymphoblasts in an antigen-
dependent fashion once they have been sensitized by dendritic cells (7, 31). It is pos-
sible that APC other than dendritic cells can be induced to bind resting T cells .
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Recently, this has been demonstrated for B blasts that have been induced with anti-
Ig (32) .

In this paper, we also compared the capacity ofepidermal LC to form stable clusters
with T cells in the anti-CD3 system . We found that freshly isolated LC could form
loose T cell aggregates in the presence of anti-CD3, but that the clusters quickly
fell apart and did not exhibit DNA synthesis (Table II). Interestingly, freshly iso-
lated LC have 10 times more FcyRII than cultured LC (12), yet the former only
weakly retain and stimulate T cells . This defect is not due to the use of trypsin to
prepare the LC, since trypsinization of cultured LC does not block function (27) .
The upregulation ofthe dendritic cell binding mechanism may be an early step in
the immune response, allowing this APC to sample and retain those T cell clones
that recognize the specific peptides presented on the dendritic cell surface.

Role of Lymphocyte-activating Factors in the Function of Dendritic Cells.

	

Only a brief
period (8 h or less) of contact with dendritic cells seems to be required before some
of the T cells can synthesize DNA in response to IL-2 (Table IV). This tempo of
acquisition of IL-2 responsiveness is comparable with that previously found using
sodium periodate as a mitogen (33) .
While IL-2 can drive DNA synthesis and division in T cells that have interacted

with dendritic cells, it remains to be established if so-called lymphocyte-activating
factors are required at an earlier stage of mitogenesis. To date, the production of
one candidate activating factor, IL-1, has not been detected (34-36). One wonders
if other activating factors might be present. To look for such factors we cultured
interacting dendritic cells and T lymphocytes across a filter from T cells, with both
populations being exposed to anti-CD3 mitogen (Tables III and IV) or transplanta-
tion antigen (not shown) . To our knowledge, such two-chamber experiments have
not been used to look for lymphocyte-activating factors. We found that T cells did
not proliferate even when coated with anti-CD3 and bathed in IL-2 derived from
the clusters . This indicates that neither accessory cells, nor T cells interacting with
dendritic cells, release activating factors that directly induce growth or responsive-
ness to growth factors. Conceivably small amounts of an essential factor are released
locally in the contact zones between dendritic cells and T lymphocytes. Alterna-
tively, antigen-independent binding to dendritic cells followed by signaling the TCR
may be the two key events in initiating lymphokine synthesis and responsiveness
during T cell responses .

Summary
Dendritic cells bearing antigen efficiently aggregate and stimulate antigen-specific

T cells . We describe an experimental model in whichan initial, apparently antigen-
independent binding step is followed by ligation oftheTCR. The model is the poly-
clonal response to mAb to the CD3 portion of the TCR complex. Epidermal and
thymic dendritic cells utilize low levels of Fc receptors to present the anti-CD3 mAb
and induce mitogenesis. Within 3 h of coculture, most of the dendritic cells have
formed clusters with the resting T lymphocytes, and these clusters are the site for
subsequent DNA synthesis and cell growth . However, the binding of dendritic cells
to T cells proceeds as efficiently in the absence of anti-CD3 as in its presence, and
anti-FcR mAbdoes not block. CD3 and Fc receptors are essential for the subsequent
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mitogenesis response in dendriticT cell clusters . Because an exogenous ligand for
the TCR does not seem to be required for the extensive polyclonal clustering ofresting
lymphocytes to dendritic cells, we suggest that an antigen-independent mechanism
mediates the initial interaction . This clustering seems essential for T cell growth
since we do not detect, in two-chamber experiments, soluble lymphocyte-activating
factors that originate from dendriticT cell aggregates and that activate anti-CD3-
coated T cells .

Received for publication 12 April 1989.
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