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Primary T cell-mediated immune responses are highly suscep-
tible to suppression by 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) exposure, yet direct effects of TCDD on T cells have been
difficult to demonstrate. Since the activation of naive T cells has
been shown to be initiated primarily by dendritic cells (DC), these
cells represent a potential target for TCDD immunotoxicity. In
this report, we have examined the influence of TCDD exposure on
splenic DC phenotype and function in the absence of antigenic
stimulation. Results showed that DC from TCDD-treated mice
expressed higher levels of several accessory molecules including
ICAM-1, CD24, B7-2, and CD40, whereas the expression of
LFA-1 was significantly reduced. These effects were dose-depen-
dent and persisted for at least 14 days after exposure. The effects
were also dependent upon the aryl hydrocarbon receptor (AhR), as
similar effects were observed in AhR** C57BI/6 and Balb/c mice
but not in AhR™'~ mice. When DC from TCDD-treated mice were
cultured with allogeneic T cells, the proliferative response and
production of IL-2 and IFN-y by the T cells were increased.
Production of 1L-12 by the DC was likewise enhanced in compar-
ison to cells from vehicle-treated mice. Interestingly, however, the
number of DC recovered from TCDD-treated mice was signifi-
cantly decreased. Taken together, these results suggest that, in the
absence of antigen, TCDD provides an activation stimulus to DC
that may lead to their premature deletion. Since the survival of DC
has been shown to influence the strength and duration of the
immune response, these results suggest a possible novel mecha-
nism for TCDD-induced immune suppression. © 2001 Academic Press
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of T and B lymphocyte effector function, as evidenced b
defects in production of antibodies, generation of cytotoxic
cells, and development of delayed-type hypersensitivity r
sponses (Houset al, 1997; Kerkvlietet al, 1996; Lundberg
et al, 1991). Interestingly, immune suppression is observe
only if TCDD exposure occurs early in the generation of a
immune response, suggesting that early events in T helper ¢
activation may be altered (Kerkvliat al., 1996). However,
because T cell responses are mostly unaffected following
vitro exposure to TCDD (Langt al, 1994; Lawrenceet al,
1996; DeKrey and Kerkvliet, 1995), it is questionable whethe
TCDD affects T cells directly. Rather, the cells responsible fc
the activation of T cells may be the target of TCDD.
Dendritic cells (DC) are the most potent antigen-presentir
cells (APC) for activation of naive T cells (reviewed by
Banchereau and Steinman, 1998). Located throughout t
body, immature DC express constitutive levels of costimule
tory molecules and are specialized for capturing antigen. Wh
exposed to antigenic stimuli, LPS, or inflammatory cytokine:s
DC are induced to migrate to the spleen or draining lymp
nodes and to undergo a maturation process. As they matu
DC downregulate phagocytic activity, increase expression |
adhesion and costimulatory molecules and the major histoco
patibility complex (MHC), and begin to produce cytokines. Ir
this mature state, DC activate T cells by presenting antigen
the context of MHC and by providing necessary costimulatio
via accessory molecules and cytokines. Among the importa
accessory molecules expressed by DC are adhesion molect
such as ICAM-1(CD54) and LFA-1(CD11a), which function tc
maintain prolonged contact between the DC and T cell durir
activation, and costimulatory molecules such as B7-1(CD8(
B7-2(CD86), CD24, and CD40, which signal T cells to pro
liferate and differentiate (Inabat al, 1994; Cellaet al., 1996;
Liu et al, 1992; Enk and Katz, 1994; VanKooten and Banche

The immune system is recognized as one of the most seeau, 1997). DC also produce important cytokines such
sitive targets for the toxicity of 2,3,7,8-tetrachlorodibenzo- IL-12, a cytokine that promotes the differentiation of TH1 ve
dioxin (TCDD), an environmental contaminant and prototypitH2 cells (Kochet al, 1996; Gatelyet al,, 1998).
ligand for the aryl hydrocarbon receptor (AhR) (reviewed by The potential for TCDD to influence DC in terms of their
Kerkvliet and Burleson, 1994). In mice, TCDD-induced imability to activate T cells has not been previously examine
mune dysfunction is characterized by a profound suppressibnerefore, in the studies reported here, we provide an initi
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characterization of the temporal and dose-related effects of
TCDD on the expression of adhesion and costimulatory mol-
ecules on DC that are important in T cell activation. In addi-
tion, the functional ability of DC from TCDD-treated mice to
stimulate T cell proliferation and cytokine productiomnvitro

was evaluated.

MATERIALS AND METHODS

Animal treatments Male C57BI/6 and female DBA/2 mice were pur- CDl11c
chased from the Jackson Labqratory (Bar Harbor, ME). Female Balb/c _miceFIG. 1. CD11c staining on low-density spleen cells. Spleens were digest
\(/\'/:eerri;)rl:(rj(;f;a_l;t;?glfjr;); iﬁﬁ:gn;\)/ea?ilc’;r:nv(\:/.eizeor:‘t’cvsvféi /g(hlfzg?gsk;?;erglcewith coIIa_genase_ and enriched for DC by density grgdient centrifugation. T[
genetic background we;e genérously provided by Dr. A. Silverstone (Stl?e -density fraction was stained for CD11c and a region was set based on h

. . ) . T .‘?evels of staining for this DC marker. Expression of accessory molecules w
University of New York Health Science Center, Syracuse, NY). Male mice
were housed singly, and female mice were housed five or six per cage. Animal
were maintained in front of a laminar flow unit, in accordance with National
Research Council guidelines. Mice were used at 7-12 weeks of age and were
killed by CO, overdose. collected on a Coulter Epics XL flow cytometer and analyzed using WinLis

TCDD exposure. TCDD (Cambridge Isotope Laboratories, Inc., Woburnsoftware (Verity Software House, Inc., Topsham, ME). For cell surface mo
MA) was dissolved in anisole and diluted in peanut oil. The vehicle contrcule evaluation, 10,000 viable CDI1cells were analyzed (Fig)1A viable
consisted of an equivalent amount of anisole in peanut oil. Mice were trea@®l! gate was established based on propidium iodide exclusion. Electrol
with TCDD or vehicle by gavage. Except in dose—response studies, TCDD wadtraction during data collection was performed using single color stains

given at 15ug/kg, a dose previously shown to suppress immune response$finpensate for spectral overlap of fluorochromes. For some samples, Winl
mice (Kerkvlietet al, 1996). software was also used for compensation during data analysis. Cells stain

moositively for each marker were defined by setting a region to excit@&%

Southern Biotech (Birmingham, AL). Biotinylated-anti-CD11c as well agf the isotype control, Wh_ereas the median channel quorescence (M.CF) v
various fluorochrome-conjugated antibodies to B7-1 (CD80), B7—2 (CD8 ’Iculated based on a reglon_th_atencompassed all of the cells in the histogr
CD8a, ICAM-1 (CD54), LFA-1 (CD11a), and MHCII (I-A) were obtained ue to the hgterogenqus stal_nlng pattern_ pf GDMCF_was calculated only
from PharMingen (San Diego, CA). Antibodies to CD24 were purchased fI’OWIr the cells in the region defined as positive by the isotope control.
PharMingen or were produced in our laboratory using the J11 d hybridomaMixed leukocyte reaction. For each experiment, a pool of T cells was
(American Type Culture Collection, Rockville, MD). Antibodies to CD4genriched from spleens of untreated female DBA/2 mice by nonadherence
were purchased from PharMingen and from Southern Biotech. For ELISAY!on wool (Hathcock, 1991). Resulting cell suspensions typically containe
IL-2, and IFN-y, antibody pairs were purchased from PharMingen, and anf0% CD4+ cells and 20% CD8 cells. T cells (3% 10°) were plated in

bodies to the p40 subunit of mouse IL-12 were purchased from Genzy#iglicate in 96-well tissue culture plates with various numbers of stimulator
(Cambridge, MA). DC obtained from vehicle- or TCDD-treated C57BI/6 mice. T cell proliferatior

Preparation of DC. DC were enriched from spleens using the method of/as measured by incorporation #f-TdR, which was added (L.Ci/well)
Swiggardet al. (1992) with modifications as described in Inadtaal, (1997). Auring the last 20 h of culture.
Briefly, splenic tissue was digested with collagenase D (Boehringer Mann-Cytokine analysis. MLR culture supernatants were analyzed for cytokines
heim, Indianapolis, IN) at 37°C for 45—60 min to release DC from the capsui§ing antibody sandwich ELISA techniques. The secondary biotinylated an
and to increase recovery. Cell suspensions were then diluted in Ca-/Mg-fReglies were complexed with avidin—peroxidase and visualized with- 2,2
HBSS and pelleted. Recovered cells were spun over a BSA gradient (1.@8énobis[3-ethylbenzthiazoline-6-sulfonic acid] as substrate. Absorbance w
g/ml) and cells in the low-density fraction were collected. These freshfgad at 405 nm using a microplate reader (Bio-Tek Instruments, Inc., W
isolated DC-enriched preparations were then stained for flow cytometric and®oski, VT).
ysis. For mixed leukocyte reaction (MLR), the low-density spleen cells were Statistical analysis. For most experiments, a Student’'sest was used to
further enriched for DC by overnight culturing based on their property afompare the mean of the vehicle-treated group to the mean of the TCD
transient adherence to plastic (Swiggatdal, 1992). In this procedure, the treated group. Where indicated, ANOVA was performed using SAS statistic
low-density cells were cultured in plastic dishes for 90 min to allow for the D&oftware (SAS Institute, Inc., Cary, NC), and comparisons between mea
to adhere. The nonadherent contaminating cells were then washed away, we made using the least significant difference (LSD) multiple compatisor
the remaining adherent cells were left in culture overnight. DC becontest. ANOVA was also used for analysis of IL-2 production across multipl
nonadherent during this culture period and were collected from media tleperiments. Due to nonconstant variance, the analysis of the 28-h IL-2 d:
following day. Purity after this final enrichment was greater than 80% C¥11owvas performed on log-transformed data.
cells.

Flow cytometry. Cells were incubated in 96-well plates with saturating RESULTS
concentrations of mAb, which were titrated for optimal concentration. Non-
specific mAb binding was blocked by preincubating cells with rat and/ .
hamster IgG. All cell preparations were stained with an antibody to CDllc(EffeCt of TCDD Exposure on Expression of Accessory
allow selective analysis of DC (Crowlest al, 1990). Typically, 10-25% of ~ Molecules on DC

the low-density spleen cells expressed high levels of CD11c (Ctlla A number of cell surface proteins plav important roles in th
various experiments, cells were also stained with mAb to B7-1, B7—2, CD40 u u p Ins play imp !

CD24, ICAM-1, LFA-1, CD&, or MHCII. Appropriately labeled isotype function of DC. We initially examined the expression of sev
controls were used to determine nonspecific fluorescence. Listmode data vetfal of these accessory molecules on splenic DC from C57Bl

ks)sequently evaluated by gating on these Ct1dells.

Reagents and antibodies.Spectral Red streptavidin was obtained fro
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V312429 The dose-dependence of the observed effects of TCDD
T=477:25% the expression of accessory molecules was evaluated
splenic DC isolated from mice treated with different doses ¢
TCDD and euthanized 3 days later. As shown in Fig. 3, a
doses of TCDD augmented the expression of ICAM-1 on th
cell surface. Similarly, the expression of CD24 was dose
dependently enhanced by TCDD, with significance at the 1
ng/kg dose. In contrast, the fluorescence of LFA-1 on the cel
V=120 was significantly decreased at all doses of TCDD tested.

Time Course of Effects of TCDD on DC Phenotype and Ce
Number

Since the immunotoxic effects of dioxins are known tc

persist for weeks after exposure (Kerkvliet and Baeche
B p B Steppan, 1988; Kerkvliet and Brauner, 1987), we also exar
M ;‘3;* M ined DC 7 and 14 days after TCDD exposure to determine

changes in surface molecule expression persisted beyond
3. As shown in Fig. 4, TCDD exposure increased the expre
sion of ICAM-1, CD24, CD40, and B7-2 and suppressed tf
expression of LFA-1 on day 7. Similar effects were seen c
day 14 (data not shown). Moreover, TCDD appeared to affe
the expression of CD24 more dramatically at these later tin
A Veloz1 points. In vehicle-treated mice, CD24 fluorescence was het
Iy T=21+0 ogeneous and suggestive of two populations of cells with lo
. and high levels of CD24 expression. In the TCDD-treated mic
the peak was more uniform and clearly shifted to the right; tr
overall intensity of CD24 staining was threefold higher com
pared to the vehicle-treated mice.

As shown Table 1, the number of DC isolated from the

B7-1

FIG. 2. Effect of TCDD on DC accessory molecule expression 3 day§p|een of TCDD-treated mice was markedly reduced 7 and
postexposure. C57BI/6 mice were treated with vehicle control oud&g '

TCDD. Three days later, spleens were removed, digested with collagendi@8YS after exposure, an effect not seen on day 3. Specifical
enriched for DC by density gradient centrifugation, and analyzed by flol@lative to vehicle controls, the total number of CD11eells

cytometry. Representative histograms depict accessory molecule expressionggovered in the Iow-density spleen cell fraction was reduce
all CD11¢" cells. Solid gray line (vehicle), solid black line (TCDD), dottedby 44% on day 7 and by 41% on day 14 in TCDD-treated mic

line (isotype control). The majority of cells stained for the CD24 isotyp T :
control are on the baseline and thus are not resolved from des. MCF was To evaluate the possibility that TCDD exposure increased t

determined based on the fluorescence of the entire peak. Values shown ardi@sity of the DC, causing them to separate into the hig
MCF = SEM for vehicle (V)- and TCDD (T)-treated groups € 3/group) density cell fraction during density gradient centrifugation, wi
except for B7-2, in which the TCDD group represents two animals from d@lso examined the cells in the high-density BSA fractior
3 and two from day 4 following TCDD exposure. *Different from vehigbet However, no increase was seen in the percentage or numbe
0.05). Data are representative of three to seven independent experimentsCDlldﬂ cells in this fraction (data not shown). Additionally,

TCDD treatment did not alter the total number of spleen cel

mice 3 days after treatment with an immunosuppressive dc%aéof\r/ g;?(:h%n:;ltgeiensny separation, suggesting a true loss

(15 pg/kg) of TCDD. As shown in the representative histo-
grams in Fig. 2, TCDD exposure significantly increased t . -

expression of ICAM-1, CD24, CD40, and B7-2 as defined E;C from Balb/c Mice are Sensitive to TCDD

MCEF. Although changes in some markers (e.g., B7-2) wereThe C57BI/6 mouse used in the previous studies is tt
small, similar results were seen in three or more independ@mbtotypic TCDD-responsive mouse strain that possesses
studies. The expression of MHC class Il (MHCII) was noAhR genotype that confers high sensitivity to the toxic effect
affected in terms of MCF, although TCDD clearly altered thef TCDD. In order to determine if DC would be similarly
staining pattern of this marker. In contrast to other accessaffected in other mice that possess a sensitive AhR genoty
molecules, LFA-1 expression was consistently decreased wa examined DC from Balb/c mice. As shown in Table 2
DC isolated from TCDD-treated mice (Fig. 2), while B7—Jexposure to TCDD for 3 or 7 days caused the same pattern
expression was not altered. effects in the Balb/c mice as in C57BIl/6 mice, increasing th
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ICAM-1 CD24 LFA-1
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FIG. 3. Dose-response effect of TCDD on DC accessory molecule expression. C57BIl/6 mice were treated with vehicle control or indicated dose of
Three days later, spleens were removed, digested with collagenase, enriched for DC by density gradient centrifugation, and analyzed by flowifome
represents the staining on all CDI1cells. Data points represent the mean MEFSEM (n = 3/treatment group). Data were analyzed by ANOVA and LSD
*Different from vehicle p = 0.05).

expression of ICAM-1, CD24, CD40, and B7—2 and decreasii@CDD Does Not Decrease Recovery of DC Nor Affect
the expression of LFA-1 on DC. Additionally, TCDD de- Accessory Molecule Expression in AHRMice

creased the numbers of DC recovered from the spleen of Balb/c ) ) .
mice at both time points. Many, if not all, of the immunotoxic effects of TCDD result

from activation of the AhR (Vecchet al,, 1983; Kerkvlietet

al., 1990). To address whether TCDD-induced changes in D

were AhR-dependent, we examined DC from AKWRmice
M exposed to 0 or 1ug/kg TCDD 7 days previously. As shown

in Table 3, the absence of the AhR in the null mice did nc
appear to affect the overall development of splenic DC, sin
vehicle-treated C57BI/6 and AhR mice had equivalent num
B bers of splenic DC that expressed similar levels of accessc
molecules. Furthermore, TCDD treatment of the AhRmice
did not alter the number of DC recovered from the spleen n
the expression of any markers examined, including ICAM-!
CD24, CD40, B7-2, or LFA-1. In contrast, DC from TCDD-
treated C57BI/6 mice, included in the study as positive col
trols, showed alterations in marker expression and numkt
similar to previous experiments.

V=104=10
T=162+8%

e sladeos il

V=170
T=29+1*

V=37+1
T=23+2%
TABLE 1
; Number of Splenic DC in C57BI/6 Mice on Days 7 and 14
W’V\V after TCDD Exposure®
B Mo CcD11d" (X10°
X
LFA-1 ( )
FIG. 4. Effect of TCDD on DC accessory molecule expression 7 days Vehicle 7.8+ 0.2
postexposure. C57BI/6 mice were treated with vehicle control ond/g TCDD, day 7 4.4+ 0.1*
TCDD. Seven days later, DC were isolated from spleens and analyzed by TCDD, day 14 4.6+ 0.2*

flow cytometry as described in Fig. 2. Solid gray line (vehicle), solid black
line (TCDD), dotted line (isotype control). Values represent mean MCF  ® Data represent the average numte8EM of DC defined as CD11itcells
SEM for vehicle (V)- and TCDD (T)-treated groups € 3/group). Data are in the low-density spleen cell fractiom (= 3/group). Data are representative
representative of three to five independent experiments. *Different froaf three independent experiments.

vehicle p = 0.05). * Different from vehicle (p = 0.05).
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TABLE 2 and AhR'~ mice at various times after treatment with 0 or 1°
Number and Phenotype of Splenic DC in Balb/c Mice on Days 3 ug/kg TCDD. As shown in Fig. 5, TCDD exposure increase
and 7 after TCDD Exposure® the percentage of DC expressing GDi& C57BI/6 and Balb/c

mice but not in AhR’~ mice. This increase in the percentage

Vehicle  TCDD, day3 TCDD, day7 ot cpga+ DC was seen on days 7 and 14, but not on day |

DC Number K10 7.1+ 0.8 4.4+ 0.5 37+05¢ InC57BI/6 mice. In Balb/c animals, TCDD had similar effects
ICAM-1 % 91.8+ 0.4  95.3* 0.3* 951+ 0.4* on both day 3 and day 7. Paradoxically, although the percel
MCF 80.3x0.7 92707+  97.0x0.6* age of CD&+ DC increased after TCDD treatment, the in-
cbz4 % 89.9-04 935202 98.3=0.2" tensity of CD& staining was decreased in both C57BI/6 an
—+ + =+ . . e . . .
CD40 '}Q)CF 1%2‘3; 5'2 1?3'(1); i‘g* 12;'2: 2'2* Balb/c mice. The significance of this observation is not cul
MCF 69.0+12  763+15* g8lLo+x1s5  rently known.
B7-2 % 66.3+ 0.8 729+ 17*  76.6+ 1.3*
MCF 78.7+0.9 833+ 12* 850+ 1.0* L . .
LFA-1L % 740+ 10 637+ 009% 623+ 22 Effect of in Vivo TCDD Exposure on DC Function ex Vivo
MCF 88.3+ 0.7  83.3+0.3* 82.3+22*

The functional status of DC is often evaluated by thei
* Data represent the meah SEM of three animals per group. Data weredbility to activate allogeneic T cells in an MLR (Moset al,,
analyzed by ANOVA and comparisons between group means were perforni®95; Girolomoniet al,, 1992; Metlayet al,, 1989). To deter-
Usinng_-ﬁSD- i, hicle & = 0.05) mine if TCDD alters DC function, DC were enriched from the
, Diferent from vehicle (o = 0.05). _ spleens of vehicle- or TCDD-treated C57BI/6 mice 3 days afte
Different from vehicle and TCDD, day 3t = 0.05). exposure and cultured with splenic T cells from untreated DB
animals for various periods of time. As shown in Fig. 6, TCDL
exposure tended to enhance the ability of DC to activate
cells. Specifically, cultures containing DC from TCDD-treate
Current evidence suggests that two populations of DC aréce demonstrated enhanced T cell proliferation (Fig. 6A) ar
present in the spleen, one derived from a lymphoid precurd&N-+y production (Fig. 6B). TCDD exposure also resulted in :
and one of myeloid origin (Vremec and Shortman, 1998jight increase in IL-2 production (representative experime
Shortman and Caux, 1997). The expression of €D8s been shown in Fig. 6C). Although not statistically significant in all
used to identify the lymphoid-derived cells, which have alsexperiments, the increased IL-2 in 28-h cultures was significa
been identified by their coexpression of high levels of CD2#4hen analyzed across four experimerps<( 0.01). Similar
(Crowley et al, 1990; Vremecet al, 1992). Since CD24 results were obtained in a single experiment in which prolif
expression was increased following TCDD exposure, it wasation and cytokine production were measured in culture
possible that TCDD was selectively increasing the @B8 containing DC from animals treated with TCDD 7 days pre
lymphoid DC population in the spleen. Therefore, @D&- viously (data not shown).
pression was evaluated on splenic DC from C57BI/6, Balb/c,As shown in Fig. 7, TCDD exposure was also associate

Effect of TCDD Exposure on the CB8 DC Population

TABLE 3
Number and Phenotype of Splenic DC in AhR™~ vs C57BI/6 Mice on Day 7 after TCDD Exposure®

C57BI/6 AhR"™
Vehicle TCDD Vehicle TCDD
DC Number §10% 9.6+ 0.6 5.5+ 0.6* 11.0+ 2.0 12.0+ 4.0
ICAM-1 % 91.1* 1.4 94.8+ 0.9 94.9+ 1.5 89.0+ 4.0
MCF 91.0+ 3.9 150.4+ 3.6* 105.7+ 5.7 92.2+ 11.6
CD24 % 90.3+ 1.0 96.4+ 0.8* 90.7+ 2.0 92.8+ 1.4
MCF 41.7+ 4.7 59.8+ 9.1 451+ 17.7 46.2+= 2.5
CD40 % 65.2+ 1.3 85.4+ 0.6* 71.9+ 2.0 64.7+ 0.4
MCF 145+ 0.4 28.1+ 0.9* 182+ 1.0 155+ 0.5
B7-2 % 65.0= 0.7 77.8= 0.7* 69.5+ 1.8 69.5+ 1.8
MCF 41.7+ 1.3 59.0+ 1.4* 49.0+ 5.3 446+ 2.4
LFA-1 % 88.7+ 0.6 73.0+ 1.0* 946+ 1.3 94.2+ 0.8
MCF 47.0+ 1.0 39.3+ 0.8* 54.3+ 10.6 51.4+ 0.9

* Data represent the mean SEM of two or three animals per group.
* Different from vehicle (p = 0.05).
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C57Bl/6 Balb/c AhR™
Vehicle
TCDD
Day 7
C57Bl/6 Balb/c AhR™"
% MCF % MCF % MCF
Vehicle 48.6 (1.1) 922 (4.8) 43.7 (1.5) 90.0 (1.0) 46.0 (10.3) 65.0 (2.3)
TCDD Day 7 53.0 (0.6) * 59.5 (3.3)* 71.6 (2.0)* 77.0 (0.0)* 45.2 (1.5) 72.8 (7.8)

FIG. 5. Effect of TCDD on CD& expression on DC 7 days after exposure. Mice were treated with vehicle controlua/&é TCDD. Seven days later,
spleens were digested with collagenase, enriched for DC by density gradient centrifugation, and analyzed by flow cytometry. Dotted linesrghofissigipe
control antibody. Region delineates Ci8 cells as defined by staining above isotype control antibody. MCF was calculated on cells within this region. |
are representative of three experiments for C57BI/6 mice and a single experiment for Balb/c ahaniteR *Different from vehicle f§ = 0.05).

with increased production of IL-12, an APC-derived cytokineuppressive properties of TCDD, we hypothesized that TCD
that induces IFNy production by T cells and thus promotes &xposure would suppress the expression of key accessory n
Thl-type immune response. When DC were cultured alone, weules on DC and/or disrupt their ability to activate T cells
observed low, but detectable production of IL-12, which waSontrary to expectation, we instead found that DC fror
augmented by TCDD treatment. Likewise, when T cell-erfFCDD-treated mice expressed higher levels of many importa
riched allogeneic splenocytes were added to the DC culturggcessory molecules, produced more IL-12, and enhanced
IL-12 production was higher in wells containing DC fromin vitro activation of T cells. The changes induced by TCDE
TCDD-treated mice. In the wells containing both cell populayere dose-dependent and persisted for at least 14 days. Sim
tions, IL-12 production was significantly enhanced relative tgfects on DC were seen in two AhR-responsive mouse strai
wells containing DC only, indicating cross-talk between thg>57B|/6 and Balb/c), but not in AhR™ animals, indicating
cell populations. This type of cell-cell communication likely ot changes in DC were mediated by the AhR. The changes
occurs viainteraption of cell surface molecules such as CD49c phenotype were induced by TCDD in the absence
CD40L, or possibly as a response to production of H:N- 5 igenic stimulation and suggest that TCDD may inappropr
which has been shown to induce or enhance the productlona%Iy activate DC.

IL-12 by macrophages (Mat al,, 1996; Yoshidaet al.,, 1994)
To address the possibility that augmented IL-12 producti DD’s immunosuppressive effects, there are several biolo
resulted from contaminating macrophages in the T cell prepa: '

ration, we performed a separate experiment in which T cé(ﬂa"y plausible hypotheses that are compatible with currey

preparations were depleted of adherent cells prior to additionggﬁli?;stza?:llggup?;alljrtci:cukl);::aogﬁ.tigzor:s %ﬁgp;i}ivzié()(ieit;j?r?
DC cultures. This depletion did not affect IL-12 production, al. 1997: Reis e Souset al, 1993: Sallustet al, 1995).

indicating that the DC were the source of the IL-12 (data ng . . o .
shown). Thus, inappropriate activation of DC by TCDD may result in

diminished ability to internalize antigen for processing, a sce

DISCUSSION nario that was previously observed following LPS-induce

activation of DC (DeSmedtt al,, 1996). In our studies, antigen

The effects of TCDD exposure on DC phenotype and funpresentation by DC was assessed in an allogeneic MLR as:
tion have not been previously reported. Due to the immunm which T cells recognize the alloMHC on the surface of th

Although these results appear to be difficult to reconcile wit
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A2 48 hours 50 4 72 hous_* of CD24 are coexpressed with CR®n lymphoid DC (Vre-
201 —o ven mecet al, 1992), it suggests that TCDD treatment might b
i 40 . . . . . o .
2 —8- Tcoo < selectively increasing this subset of DC. This possibility i
z B o = 301 * intriguing because current evidence suggests that lymphoid L
Z 10 Z 201 may play a role in downregulation of an immune respons
g o “ including the induction of tolerance (Suss and Shortman, 199
S 101 Kronin et al, 1996). Interestingly, when C@8expression on
0 . : " 0 —= : o DC from TCDD-treated mice was examined, the percentage

DC staining positive for CD& increased, but the intensity of

# DC per well (x 10%) # DC per well (x 10%) o . -
the staining decreased. Although this staining pattern co

B 6000 N C oo founded a straightforward interpretation of the data, it we
5000 1000 noteworthy that the increased percentage of @b8C oc-
E 2 curred on the same days that DC numbers decreased in
2 00 E 800 spleen. Thus, taken together, these results suggest that TC
z 2000 q * may selectively reduce the myeloid DC population rather the
= 2000 = 400 increase the CD8a lymphoid DC. Additional markers defin-
1000 : 200 ing the lymphoid and myeloid subpopulations of DC will neec
v T v T L — to be examined to verify subtype-specific TCDD effects.
48hours 72 hours 28 hours 52 hours In contrast to the increased expression of other access

FIG. 6. Effect of TCDD exposure on ability of DC to stimulate T cell m0|e(?u'es’ TCDD Cfaused a marked rgdu_ctlon _m LFA-1 &
proliferation and cytokine production in a mixed leukocyte reaction. SpleeR§€SSion on DC. This reduced expression is unlikely to refle
were removed from C57BL/6 mice 3 days after treatment with vehicle (op@&ctivation of DC since LFA-1 is upregulated on activate
circles/bars) or 1q:g/kg TCDD (solid circles/bars). Spleens from three micenacrophages and T cells (Kurtzinggtral, 1981; Strassmann
were pooled, and DC were enriched by collagenase digestion, density grad't_?ptah 1985, 1986). Furthermore, LFA-1 expression was ne
centrifugation, and transient adherence to plastic. Indicated numbers of DC . . . .
were cultured with 3x 10° T cells enriched from spleens of DBA/2 mice. reduced on splenic DC SUb_JeCted to Ovem_lght Cu“urmg (Inat
Proliferation (A) was measured at 48 and 72 h ¥%TdR incorporation. €t al, 1994, and our unpublished observations), a stimulus th
Background activity was below 1000 cpm in wells containing T cells alone agAuses a substantial increase in expression of activation ma
below 400 cpm in wells containing DC alone. For IRN(B) and IL-2 (C)  ers such as B7 and CD40. LFA-1 ig3a2 integrin protein that
analysis, culture supernatants were harvested at indicated times from Wf’é'?mportant in cell—cell adhesion and plays arolein Ieukocyt

containing T cells and ODC. Cytokine concentrations were determined b S . . . .
ELISA. Wells containing only DC or T cells were below the limit of detection).{raffICkmg and extravasation into tissue (Andrewal" 1998;

Data points represent the means$SEM (n = 4/group). Data are representativeM@ €t al, 1994). For example, studies by Ma al. (1994)
of three (IFN<) or four (proliferation, IL-2) experiments. *Different from showed that blocking LFA-lin vivo reduced the antigen-
vehicle p = 0.05).

1200

DC, independent of antigen processing. Studies are in progress 48 hours 72 hours
to evaluate the ability of DC from TCDD-treated mice to 1000 -
internalize and present exogenous antigen to antigen-specific T F  gqp -
cells. 2 600 4 *
Another potential link between TCDD-induced DC activa- o
tion and immune suppression relates to the significant decrease= 400 1 *
in numbers of DC in the spleen of TCDD-treated mice. In a 200 A
normal immune response, once DC are activated, they are 04 — S ]
committed to undergo apoptosis (DeSmetal, 1996, 1998; e DC + bC DC +

Winzleret al, 1997). This is likely an important mechanism by T cells Teells

which the immune response is downregulated following anti-FIG. 7. Effect of TCDD exposure on IL-12 production by DC in a mixed

gen clearance. It is possible that the inappropriate activation'@fkocyte reaction. Spleens were removed from C57BL/6 mice 3 days af
treatment with vehicle (open bars) or 1&/kg TCDD (solid bars). Spleens

bC bY TCD_D leads to their premature deletion. This MaYere pooled from three animals and dendritic cells were isolated by collag
result in an immune response that never fully develops or op@e digestion, density gradient centrifugation, and transient adherence
that is prematurely terminated. This possibility is supported Ipjastic. 1x 10° DC were cultured alone or with & 10° allogeneic T cells

recent studies that suggest both the number and life span of Piched from spleens of untreated DBA/2 mice. Culture supernatants we

in vivo influence the strength of the Subsequent immune r}@rvested at indicated times, and cytokine concentration was determined
. ELISA. Data points represent the meansSEM (n = 4/group). Data are
sponse (Josieat al,, 2000)

A . . representative of three experiments. Dashed line represents limit of detect
One of the most significant changes in DC induced kyr gLisa. wells containing only T cells were below the limit of detection.
TCDD was an increase in CD24 expression. Since high levetsfferent from vehicle p = 0.05).
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