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2,3,?,8-tetrachlorodibenzo-p-dioxin (TCDD) is the most 
toxic member of the halogenated hydrocarbon compounds 
in experimentally exposed animals (McConnell and 
McKinney 1978). Although the pathologic findings seen 
in TCDD exposure vary in type depending on the species 
and on the dose and duration of exposure, a consistent 
finding in all animal studies thus far has been thymic 
atrophy (McConnell and McKinney 1978; McConnell 1980; 
Vos et al. 1980). In other organs, such as spleen and 
lymph nodes, there is depletion of T-dependent areas. 
Subsequent investigations in animal models have defined 
a number of altered cell-mediated immune functions, in- 
cluding: depressed delayed-type hypersensitivity reac- 
tions, reduced ability to reject allografts, and an in- 
creased susceptibility to certain infectious agents 
(Vos and Moore 1974; Vos et al 1974). In vitro studies 
corroborated these observations, revealing depressed 
mitogen-stimulated lymphoproliferative responses (Vos 
et al. 1980; Vos and Moore 1974; Vos et al. 1974; Lus- 
ter et al 1980; Faith et al. 1978) and depressed gen- 
eration of cytotoxic T lymphocyte (CTL) responses 
(Clark et al. 1981; Clark et al. 1984). 

To date, there have been no reports of significant 
evidence of immune toxicity in humans due to acute or 
chronic TCDD exposure (Reggiani 1980; Knutsen 1984). 
However, in a pilot study of Missouri residents exposed 
to dioxin-contaminated soil, there was an increased 
prevalence of inverted T4/T8 ratios in dioxin-exposed 
persons (Knutsen 1984). Results of the present study 
were summarized earlier (Hoffman 1986); the present ~a- 
per discusses the immune studies in more detail and y- 
pothesizes potential pathophysiology. 

MATERIALS AND METHODS. 

Any individual who lived at the Quail Run Mobile Home 
Park for six or more months between April 1971 and May 
1983 was eligible to participate in the study. The 
Quail Run Mobile Home Park was selected for study be- 
cause TCDD had been measured at higher levels there (up 
to 8,200 ppb) than at any other residential site in 
Missouri. TCDD was detected along the entire length of 
the road, with levels ranging from 39 ppb to i,I00 ppb 
in composite samples. TCDD was measured at levels 
above 4 ppb along both road shoulders, in 4 of 8 yards 
tested, in dust samples collected from the interiors of 
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21 of 31 trailers tested (the highest level being 11.5 
ppb), in the wall insulation of one trailer, and in the 
furnace air filters of at least one trailer. The com- 
parison group was formed from individuals who had lived 
for six months or longer in one of 3 mobile home parks 
in the St. Louis area. Five composite surface soil 
samples were collected from road Shoulders in each park 
and tested by the U.S. Environmental Protection Agency; 
TCDD was not detected at levels > 9 ppb. 

In vivo assessment of cellular immune function was de- 
termined by applying 7 recall antigens with a 
Multi-test CMI (Merieux Institute USA) device for de- 
layed hypersensitivity skin tests, (Kniker et al. 1979; 
Corriel 1985). At 48 hours the number of positive skin 
tests (> 2 mm induration and the sum of the diameters 
of induaEion (mean score) were recorded. Skin tests on 
26 participants living outside the St. Louis area were 
read by a variety of public health personnel in the 
area where the participants lived. Because these out- 
side readers were not trained, we excluded these read- 
ings. In addition, we found that the frequency of 
anergy in unexposed participants for two of the four 
regular readers was significantly higher than published 
norms and was significantly higher than for the other 
two readers. Furthermore, the DTH response measures in 
the other two readers were similar to those observed in 
published reports of clinically immunocompromised pa- 
tients using the same skin testing device (Kniker et 
al. 1979; Corriel 1985). Since the high rates of 
anergy among unexposed participants examined by two of 
the readers could not be explained by other factors, we 
concluded that it was due to reader error and there- 
fore excluded from further analysis of DTH skin test 
responses from all participants examined by these read- 
e r s  �9 

T lymphocyte subset analysis was performed with slight 
modification of the method described by Hoffman et al 
(1981). Monoclonal antibodies used were T3 (pan T 
cell), T4 (T helper/inducer), T8 (T suppressor/ 
cytotoxic) and TII (E-rosette marker), and the cells 
with positive fluorescence were analyzed in a Spectrum 
III flow cytometer. 

In vitro lymphocyte proliferative responses to mitogeos 
and tetanus toxoid were measured using methods previ- 
ously reported (Schiff et al 1974). Mononuclear cells 
(MNC), isolated from heparinized venous blood by 
Ficoll-Hypaque density centrifugation, were cultured 
with optimal concentrations of the mitogens 
phytohemagglutinin (PHA), concanavalin A icon A), and 
pokeweed mitogen (PWM) and the antigen tetanus toxoid). 
One microCi per well of ~'H-thymidine, (6.7 Ci/mmole) 
was added for the last 6 hours of culture prior to har- 
vesting the cells on glass filter paper, and the 
3H-thymidine incorporated into DNA for each culture was 
measured in a liquid scintillation counter. The re- 
sults were expressed as counts per minute of stimulated 
minus unstimulated cultures. 

T cell cytotoxicity (CTL) was measured by lysis of an 
allogeneic target cell by purified T cells obtained 
from MNC which formed rosettes with AET-treated SRBC 
(Knutsen and O'Connor 1985), as previously described 
(Namiuchi et al. 1984). T cells (5xlO 5) and autologous 
adherent cells (5xlO ~) were first cultured with 
stimulating allogeneic mitomycin-C-treated MNC (ixlO('), 
and then on the seventh day of culture, the effector T 
cells were incubated with fresh '~Cr-labelled 
allogeneic target cells (IxlO 4) at effector:target ra- 
tios of 25:1, 12.5:1 and 6.25:1 for 6 hours. Maximum 
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and spontaneous ~Cr release was obtained by culturing 
target cells in 1% Nonidet P-40 and medium, respec- 
tively. ~:LCr released into the supernatant was counted 
in a gamma counter and percent cytotoxicity was calcu- 
lated as: 

% cytotoxicity = cpm (sample - spontaneous) x I00 
cpm (maximum - spontaneous) 

Because of the relatively small sample size, most of 
the statistical analyses were conducted on the total 
study population; however, we also performed analyses 
on certain subgroups: male and female adults (defined 
as 2 20 years) and children (defined as < 20 years). 
We used analysis of covariance to evaluate for possible 
confounding associations with exposure status, using a 
priority reasoning on variables to be included in a 

~ iven model. We also compared the proportions in the 
wo groups with "abnormal" test results, using logistic 

regression, Chi square, or Fisher's exact test. ("Nor- 
mal" was defined as within two standard deviations of 
the mean of the unexposed group for a particular test.) 
Anergy and hypoergy were defined as 0 and < i positive 
DTH responses, respectively. The maximum--responses of 
in vitro functional assays, lymphoproliferative re- 
sponses to mitogens and tetanus toxoid, and T cell 
cytotoxicity were logarithmically converted to normal- 
ize the data before statistical analysis (Oppenheim and 
Schecter 1976). 

RESULTS AND DISCUSSION 

For the reasons stated in METHODS, only two of the 
readers were considered reliable, so statistical tests 
were performed only for their readings. In the indi- 
viduals read by these readers, DTH were significantly 
depressed in TCDD-exposed subjects compared to the un- 
exposed controls (Table I). This group of 
dioxin-exposed subjects had fewer mean number of 
positive skin tests compared to controls (P < 0.05), 
decreased induration (P = N.S.) and increased percent- 
age of individuals with anergy (P < 0.05). TCDD-ex- 
posed subjects also had increased percentage of indi- 
viduals with hypoergy, defined as DTH response to I or 
0 skin test antigens, in the total group (P < 0.05), in 
adults (P < 0.05) and in children (P < 0.05). Since 
the de~ree of skin reactivity is influenced by the 
subject s age and sex (Kniker et al. 1979; Corriel 
1985), the exposure groups were further classified by 
age and sex. Again, all subgroups of dioxin-exposed 
subjects displayed less skin reactivity than their re- 
spective unexposed subjects. Evaluation of skin reac- 
tivity to individual antigens showed that exposed indi- 
viduals had less induration to Streptococcus (P < 0.02) 
compared with unexposed individuals. Exposed 
individuals also tended to have less skin reactivity to 
tetanus, diphtheria, Candida and Proteus than unexposed 
individuals though the average indurations were not 
statistically significant. 

The results of T cell phenotypes showed statistically 
significant alterations of percentages, but not of ab- 
solute numbers of T cell subpopulations in TCDD-exposed 
subjects (Table 2). Dioxin-exposed subjects had 
slightly decreased percentages of T3 cells (P < 0.05), 
T4 cells (P < 0.05), and TII cells (P < 0.05). Histo- 
grams of the percent T4 cells and T4/8 ratios suggested 
increased numbers of persons in the exposed group with 
decreased values even though the overall means were 
virtually the same for exposed and unexposed groups 
(data not shown). 
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Table I. Delayed hypersenstivity skin test results in 
subjects potentially exposed to dioxin (TCDD) �9 

................................................................................... 2 . ; ; i g ~ P ? ~ g ~  ...................................................... o ~ ~ ~ g ~ g ~ ?  ....................................... - o  ...... 
No. Positive 
Antigens e 
Total 2.3 + 1.6 (51) ~ 3.1 + 1.4 (93) <0.05 ~ 
Adults ~ 2.5 T 1.6 (35) 3.2 ~ 1.4 (71) NS 
Children :~ 1.9 u 1.7 (16) 2.9 ~ I.i (22) NS 

Sco~e~ mm 
Total 10.1 + 7.9 12.9 + 6.4 NS 
Adults II.I E 7.9 13.3 ~ 6.5 NS 
Children 8.1E 7.9 11.4 u 1.3 NS 

Anergic 
Total 11.8 I.i <0.059 
Adults ii.4 1.4 <0.05 
Children 12.5 0.0 NS 

�88 Hypoergic ~ 
Total 35.6 11.8 <0.05 .7 
Adults 28.6 11.3 <0.05 
Children 50.6 13.7 <0.05 

Tetanus~mm ~ 3.3 + 2.6 (51) ~ 4.1 + 2.3 (93) NS ~ 
�88  69?2 84?9 < 0 . 0 5  ~ '~  

Diphtheria~mm 1.8 + 2.3 2.4 + 2.2 NS 
�88 42?3 61?3 <0.05 

Streptoccus~mm 0.5 + 1.4 1.2 + 1.8 <0.02 
�88 ii?5 3373 <0.05 

Tuberculin,mm I.I + 2.4 1.2 + 2.2 NS 
% 2171 2679 NS 

Candida,mm 1.8 + 2.i 2.5 + 2.I NS 
�88 4871 62T4 <0.05 

Trichophyton,mm 0.9 + 1.8 
% 2171 

0.7 + 1.7 NS 
1873 NS 

Proteus,mm 0.4 + 1.2 0.8 + 1.5 NS 
% 13.--5 23.--7 <0.05 

i. 
2. 

3. 

4. 

5. 
6. 
7. 
8. 

9. 

I0. P value by Chi-square analysis 
versus unexposed. 

Data presented as mean + SD. 
Induration > 2 mm at 4~ hours is considered a pos- 
itive reaction. 
Adults are > 20 years-old and children < 20 years- 
old. 
Hypoergy is defined as a positive reaction to one 
or none of the seven antigens. 
Number of subjects in each group. 
Induration expressed as mm. 
Percentage of persons with a positive skin test. 
P value comparing exposed group or subgroups by 
analysis of covariance 
P value comparing exposed group or subgroups by 
logistic regression. 

comparing exposed 
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Table 2. T lymphocyte populations and Iymphoprolifera- 
responses in TCDD exposed versus unexposed 
individuals ~- 

............................................................................. ~ Z I Z S E ~ ' r  ......................... ; ............... o ~ ~ 5 5 g E a  .............................. p ~  . . . .  
Number 135 142 

T3 cells/mm z~ 1698+519 (2) ~ 1673+493 (2) NS 
�88 72.2+_---7.5 (6) 74.2~7.4 (6) <0.05 

T4 cells/mm ~ 1021+353 (I) 1033+346 (0) NS 
�88 43.5~8.8 (12) 45.9+_---7.6 (4> ~ <0.05 

T8 cells/mm ~ 592+283 (2) 578+198 (0) NS 
�88 24.8T_6.2 (5) 25.8+_--5.7 (I) NS 

TII cells/mm ~ 1801+550 (2) 1796+493 (3) NS 
�88 77.8~6.6 (8) 79.8~6.0 (7) <0.05 

T4/8 ratio 1.92+--0.80 (ii) 1.89+-0.60 (9) NS 

PHA, cpm 43,954 (6) ~ 45,920 (5> 
log x 2 SD 4.64+-0.15 4.66+-0.17 NS 

Con A, cpm 41,495 (5) 40,551 (5) 
log x 2 SD 4.61+_0.17 4.60+-0.17 NS 

PWM, cpm 36,559 (0) 32,063 (7) 
log x 2 SD 4.56+-0.13 4.50+_0.21 <0.05 

Tetanus, cpm 17,258 (8) 18,707 (4) 
log x 2 SD 4.e3+0.47 4.27+-0.37 NS 

I. Data expressed as mean + SD for T cells and as geo- 
metric mean and log 2 ~D for lymphoproliferative 
responses. 

2. Values in parentheses are the number of individuals 
with an abnormal decreased value < 2 SD below nor- 
mal unexposed controls. 

3. P value determined by analysis of covariance ad- 
justing for sex, age, socioeconomic status. 

4. P value by Fischer's exact test. 
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Dioxin-exposed subjects' responses to stimulations by 
PHA, Con A, and tetanus toxoid were comparable to re- 
sponses of the unexposed controls' lymphocytes, while 
the PWM response was slightly elevated in the exposed 
group (P < 0.05) (Table 2). Slightly more dioxin-ex- 
posed subjects were unresponsive to tetanus toxoid 
stimulation compared with unexposed subjects, 8 (5.2~) 
versus 4 (2.ix), but this was not statistically sig- 
nificant. 

The percent of T cell cytolysis was slightly decreased 
at all three E:T ratios of 25:1, 12.5:1 and 6.25:1 in 
the dioxin-exposed subjects compared with normal con- 
trois ( P < 0.02, < 0.03, < 0.03, respectively) (Figure 
i). The subgroup of TCDD-exposed adults and the sub- 
group of adult females displayed less CTL reactivity 
than their control groups, 2e.4 versus 26.3 (P < 0.03) 
and 21.9 versus 25.1 (P < 0.06), respectively. Histo- 
grams, particularly for the adult female subgroup, sug- 
gested two populations of CTL responses in the TCDD ex- 
posed group (data not shown). 

When the anergic/hypoergic individuals ~ immune studies 
were analyzed, dioxin-exposed subjects appeared to have 
more abnormalities of other immune studies than unex- 
posed subjects. Anergic/hypoergic TCDD exposed subjects 
were more likely to have at least one other disturbance 
of T cell phenotype and/or function compared with their 
unexposed subgroup, 5 subjects (26.3�88 versus I subject 
(9.1�88 (P = NS). Thus, in the TCDD-exposed group there 
tended to be clusters of abnormal immune responses; 
whereas, an abnormal immune response in the unex- 
posed control population was frequently the result of 
an isolated abnormal laboratory study. 

Both host and exposure factors influence the degree of 
immune suppression induced by TCDD. Clearly, there is 
a strain susceptibility to TCDD-induced immunosup- 
pression that correlates well with TCDD induction of 
the aryl hydrocarbon hydrolase (AHH) system in animal 
models (Vec~hi et al. 1983; Poland and Glover 1980). 
Recently, Nagayama et al (1985; 1985), using human 
cell lines, demonstrated that genetic susceptibili y to 
TCDD among humans is similar to that reported for tdif- 
ferent mouse strains. Since AHH inducibility by TCDD 
appears to be associated with a cytosol receptor pro- 
tein identified in the highest concentration in the 
thymus (Vecchi et al. 1983), we may hypothesize that 
an immature cellular immune system may be more sensi- 
tive to TCDD immunotoxocity than a mature one. Dosage 
and duration of TCDD exposure also influence the toxic 
effects of TCDD (McConnell 1980; Vos et al. 1980). In 
interpreting the results of the present study, genetic 
susceptibility to dioxin probably existed and that the 
amount of exposure to TCDD, as a function of duration 
and dosage, was probably quite heterogenous within our 
TCDD-exposed population. Thus, we might expect only a 
proportion of individuals living in the exposure area 
to be affected. 

In the present study, the persons exposed to dioxin 
showed evidence of depressed cellular immunity consis- 
tent with that expected from animals studies. The di- 
oxin-exposed population showed evidence for depressed 
DTH responses to recall antigens. The Multitest CMI 
was used in the present study as a way of assessing 
cellular immune function in vivo because it was re- 
ported to be standardized and reliable. It was our ex- 
perience that the reading of the skin tests, which was 
critical to ensuring valid data, were subject to pos- 
sible reader error. We excluded the DTH results for 
participants read by two of the four regular readers 
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Figure i. Re- 
suits of CTL 
(geo mean + SE) 
showed that TCDD 
exposed persons 
had decreased 
lysis at E:T 
ratios o f  25:1 
(P < 0.02), 
12.5:1 (P < 
0.03), and 6.3:1 
(P < 0 . 0 3 )  c o m -  
p a r e d  to con- 
trois. 

because there was evidence that they were not measuring 
DTH responses properly. This might have introduced 
bias by selecting a nonrandom subsample of the study. 
However, the findings were essentially the same when 
all participants were included in the analysis, al- 
though not quite as strong. In the design and conduct 
of future field studies, careful attention should be 
given to ensure the quality of DTH skin test measure- 
ments. 

We also observed alterations of T cell subpoQulations 
with decreased percentages of T cells and T helper 
cells. Clark et al (1981) reported decreased T helper 
cells, though found increased T suppressor function in 
the pathogenesis of the diminished CTL activity in 
TCDD-exposed rats. Another finding was the increased 
number of dioxin-exposed anergic/hypoergic individuals 
with a decreased (T4 + T8)/T3 ratio, suggesting an in- 
creased calculated percentage of T3*Tq"-TS-celIs. An 
increased percentage of this cell population has been 
reported previously in various T cell immune disorders 
(Semenzato et al 1983; Van DeGriend et al 1982). Van 
De Griend et al (1982) demonstrated that a pure popula- 
tion of T3+Tq-T8-celIs proliferate poorly to PHA and to 
alloantigens. Since TCDD is known to affect thymic 
epithelium in rodents, and since the T3 surface marker 
is acquired after T4 and T8 (Acuto et al. 1985), our 
findings, if the result of dioxin, then suggested that 
the thymic effect(s) of dioxin in humans might be 
highly selective on thymocytes at the T4 molecule. 
Be~esi et al (1978) observed an increase of lymphocytes 
that were SRBC-rosette negative (T cell) and smIg § 
negative (B cell) in Michigan residents exposed to PCB. 
In the present study, we also observed a 
nonstatistically significant calculated increase of a 
non-T3 + lymphocyte population in the anergic/hypoergic 
dioxin-exposed subgroup. Since complete phenotypic 
analyses of lymphocyte subpopulations were not per- 
formed, we can Only speculate whether this increased 
population consisted of thymocytes, natural killer 
cells and/or B cells; however to understand the patho- 
genesis of TCDD-immunotoxiEity we need to determine the 
make-up of this population. 

Though lymphoproliferative responses were normal in the 
dioxln-exposed group, T cell cytotoxicity was slightly 
decreased. This was most demonstrable in the total 
adult population and the subset of female adults. This 
observation of decreased CTL is consistent with studies 
in mice by Clark et al (1981; 1984). They observed di- 
minished CTL responses due to TCDD exposure at doses 
that did not induce abnormal proliferative responses or 
lymphoid atrophy. 

A possible confounding issue in this study was the 
probability of significantly increased psychological 
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s t r e s s  i n  the TCDD-exposed p o p u l a t i o n .  Severa l  s t u d i e s  
have r e p o r t e d  d i m i n i s h e d  mitogen s t i m u l a t e d  
l y m p h o p r o l i f e r a t i v e  responses and lymphocytes i n  psy-  
c h o l o g i c a l l y  s t ressed  i n d i v i d u a l s  ( S t e i n  e t  a l .  1985; 
S c h l e i f e r  e t  a l .  1982; Dor ian  et  a l .  1982). 

Fu tu re  s t u d i e s  need to d e f i n e  a d i o x i n - e x p o s e d  group by 
d e t e r m i n i n g  TCDD c o n c e n t r a t i o n s  i n  f a t  t i s s u e  and de- 
t e r m i n i n g  i n d i v i d u a l  s u s c e p t i b i l i t y  to TCDD i n d u c t i o n  
o f  A H H .  Even w i t h o u t  t h i s  i n f o r m a t i o n ,  our r e s u l t s  
suggest d i s t u r b a n c e s  o f  T c e l l  p o p u l a t i o n  and f u n c t i o n  
i n  a smal l  percentage o f  d i o x i n  exposed i n d i v i d u a l s .  

Acknowledgments The authors thank Darlene Laws for 
secretarial assistance and Pat Willie and Cecilia 
McComb at St. Joseph Hospital for technical support. 

Use o f  t r ade  names i s  f o r  i d e n t i f i c a t i o n  o n l y  and does 
not  c o n s t i t u t e  endorsement by the P u b l i c  Hea l th  Se rv i ce  
or the U.S. Department o f  Hea l th  and Human S e r v i c e s .  

REFERENCES 

Acuto O, Fabbi M, Bensussan A (1985) The human T - c e l l  
r e c e p t o r .  J C l i n  Immunol 5 :141-157.  

Bekesi JG, Ho l land  JA, Andersen HA, et  a l .  (1978) Lym- 
phocyte f u n c t i o n  o f  M ich igan  d a i r y  farmers  exposed to 
p o l y c h l o r i n a t e d  b i p h e n y l s .  Science 199:1207-1210. 

C lark  DA, Gau ld ie  J, Sweeney G (1981) Enhanced suppres-  
sor c e l l  a c t i v i t y  as a mechanism o f  immunosuppression 
by 2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o - p - d i o x i n  (41875).  Proc 
Soc Exp B i o l  Med 168:290-299. 

C lark  DA, Gau ld ie  J, Sweeney G (1984) Dose response,  
t ime course and mechanism f o r  supp ress ion  o f  
c y t o t o x i c  T c e l l  g e n e r a t i o n  by 2 , 3 , 7 , 8 - t e t r a c h l o r o -  
d l b e n z o - p - d i o x i n .  Banbury Report 18: B i o l o g i c a l  
Mechanisms o f  D i o x i n  A c t i o n ,  421-434. 

C o r r i e l  RN, Kn iker  WT, McBryde JL, et  a l .  (1985) C e l l -  
mediated immuni ty  i n  school  c h i l d r e n  assessed by 
M u l t i - t e s t  CMI s k i n - t e s t i n g :  normal va lues  and p ro -  
posed s c o r i n g  system f o r  h e a l t h y  c h i l d r e n .  Am J Dis 
C h i l d  139:141-146. 

Dorian V, Garfinkel P, Brown G, et al. (1982) Aberra- 
tions in lymphocyte subpopulations and function dur- 
ing psychological stress. Clin Exp Immunol 
50:132-138. 

Faith RE, Luster MI, Moore JA (1978) Chemical separa- 
tion of helper cell function and delayed hypersensi- 
tivity responses. Cell Immunol 40:875-884. 

Hoffman RA, Kung PC, Hansen WP, Goldstein E (1981) 
Simple and rapid measurement of human T lymphocytes 
and their subclasses in peripheral blood. Proc Natl 
Acad Sci USA 77:4914-4917. 

Hoffman RE, Stehr-Green PA, Webb KB, et al. (1986) 
Health effects of long-term exposure to 2,3,7,8- 
tetrachlorodibenzo-p-dioxin. JAMA 255:2031-8038. 

Kniker WT, Anderson CT, Roumiantzeff M (1979) The 
Multi-test system: a standardized approach to evalua- 
tion of delayed hypersensitivity and cell-mediated 
immunity. Ann Allergy 43:73-79. 

Knutsen AP (1984) Immunologic e f f e c t s  o f  TCDD exposure 
i n  humans. B u l l  Env i ron  Contam T o x i c o l  33:763-681.  

Knutsen AP, O'Connor DM (1985) An t i body  d e f i c i e n c y  w i t h  
normal immunoglobu l ins  i n  a c h i l d  w i t h  h y p o p l a s t i c  
anemia. C l i n  Immunol Immunopath 36:370-377.  

Lus te r  MI, Boorman 8A, Dean HJ, e t  a l .  (1980) Exam- 
i n a t i o n  o f  bone marrow, immunologic parameters and 
host  s u s c e p t i b i l i t y  f o l l o w i n g  p re -  and p o s t - n a t a l  
exposure to 2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o - p - d i o x i n  
(TCDD). I n t  J Immunopharmacol 2 :301-310.  

488 



McConnell EE, McKinney JD (1978) Exguisite toxioity in 
the guinea pig to structurally similar halogenated 
dioxins, furans, biphenyls, and naphthalenes. 
Toxicol Appl Pharmacol 45:298. 

McConnell EE (1980) Acute and chronic toxicity, car- 
cinogenesis, reproduction teratogenesis and 
mutagenesis in animals. In: Kimbrough RD, ed. Ha- 
iogenated Biphenyls, Terphenyls, Naphthalenes, 
Dibenzodioxins and Related Products. Elsevier/North 
Holland, Amsterdam, pp 109-150. 

Nagayama J, Kiyohara C, Masuda Y, Kuratsune M (1985) 
Inducing potency of aryl hydrocarbon hydroxylase ac- 
tivity in mice by polychlorinated dibenzofuran iso- 
mers and 2,3,7,8-tetrachlorodibenzo-p-dioxin. Arch 
Toxicol 56:226-229. 

Namiuchi S, Kumagai S, Imura H, et al. (1984) Quina- 
trine inhibits the primary but not the secondary 

~rolifera tive response of human T cytotoxic T cells 
o allogeneic non-T cell antigens. J Immunol 

132:1456-1461. 
Oppenheim JJ, Schecter B (1976) Lymphocyte transforma- 

tion. In: Rose NR and Friedman H, eds. Manual 
Clinical Immunology. American Society for 
Microbiology, Washington, D.C. pp 81-94. 

Poland A, Glover E (1980) 2,3,7,8-tetrachlorodibenzo- 
p-dioxin: segregation of toxicity with the Ah locus. 
Mol Pharmacol 17:86-94. 

Reggiani G (1980) Acute human exposure to TCDD in Se- 
veso, Italy. J Toxicol and Environ Health 6:2?-43. 

Schiff RI, Buckley RH, Gilbertson RB, Metzger RS (1974) 
Membrane receptors and in vitro responsiveness of 
lymphocytes in human immunodeficiency. J Immunol 
112:376-383. 

Schleifer SJ, Keller SE, Camerino M, et al. (1982) Sup- 
pression of lymphocyte stimulation following bereave- 
ment. JAMA 250:3?4-377. 

Semenzato G, Pezzutto A, Foa R, et al. (1983) T lym- 
phocytes in B-cell chronic lymphocytic leukemia: 
characterization by monoclonal antibodies and cor- 
relation with Fc receptors. Clin Immunol Immunopath 
26:155-161. 

Stein M, Keller SE, Schleifer SJ (1985) Stress and 
immunomodulation: the role of depression and neuro- 
endocrine function. J Immunol 135:827-833 (suppl). 

Van DeGriend RJ, De Bruine HG, Rumke HC, et al. (1982) 
Isolation and partial characterization of a novel 
subset of human T lymphocytes defined by monoclonal 
antibodies. Immunology 47:313-320. 

Vecchi A, Sironi M, Canegrati MA, et al. (1983) Immuno- 
suppressive effects of 2,3,7,8-tetrachlorodibenzo-p- 
dioxin in strains of mice with different susceptibil- 
ity to induction of aryl hydrocarbon hydroxylase. 
Toxicol Appl Pharmacol 68:434-441. 

Vos JG, Faith RE, Luster MI (1980) Immune alterations. 
In: Kimbrough RD, ed. Halogenated Biphenyls, 
Terphenyls, Naphthalenes, Dibenzodioxins and Related 
Products. Elsevier/North Holland, Amsterdam, pp 
241-266. 

Vos JG, Moore JA (1974) Suppression of cellular im- 
munity in rats and mice by maternal treatment with 
2,3,7,8-tetra-chlorodibenzo-p-dioxin. Int Arch Al- 
lergy Appl Immunol 47:?77-?94. 

Vos JG, Moore JA, Zinkl JA (1974) Toxicity of 2,3,7,8- 
tetra-chlorodibenzo-p-dioxin (TCDD) in C57BI/6 mice. 
Toxicol Appl Pharmacol 29:209-241. 

Received March 13, 1987; accepted April 13, 1987. 

489 


