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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),1 a contaminant found in
the manufacture of a number of useful halogenated hydrocarbons, has
been shown to have marked toxicity in experimentally exposed animals
(McConnell and McKinney 1978)., TIn all animal species studied, sig-
nificant thymic atrophy with cortical thymic depletion has been
observed (McConnell 1980). In addition, depletion of lymphocytes in
T-dependent regions of peripheral lymphoid tissue, such as the para-
cotical area in lywmph nodes and periarterial sheath in the spleen, is
uniformly observed (Vos et al. 1980; Vos and Moore 1974). These
changes have been observed in both acute and chronic TCDD exposed
animals and are wmost pronouaced in neonatal animals (McConnell
1980). Subsequent studies of cellular immunity showing that T cell
functions are suppressed have corroborated these histological find-
ings. TCDD exposed mice have depressed delayed hypersensitivity
skin responses, prolonged allograft rejection and increased suscep-
tibility to certain infectious agents (Vos and Moore 1974; Vos et al.
1974), In vitro studies of 1isolated lymphocytes have shown
depressed Tymphoproliferative responses to T-dependent witogens (Vos
and Moore 1974; Vos et al. 1974; Luster et al. 1980; Faith et al.
1978) and depressed generation of cytotoxic T lymphocyte responses
(Clark et al. 1981).

An intriguing observation in TCDD exposed mice has been the demon-
stration of different strain susceptibility to TCDD induced immuno-
toxicity. Poland and Glover (1980) and Vecchi et al. (1983) have
shown that certain strains of mice exposed to TCDD were extremely
sensitive to TCDD whereas others were less sensitive, and F, hybrids
of the two strains had intermediate susceptibility. Further studies
have demonstrated that the immunotoxicity to TCDD segregated with
its ability to induce the arene hydrocarbon hydroxylase (AHUH) system
(Poland and Glover 1980; Vecchi et al. 1983), TCDD is first bound by
a "receptor” in the cytosol of cells in many organs, including the
liver and thymus, which then results in induction of AHH. Sensiti-

1 A report of work done in collaboration with Raymond G. Slavin

(Department of TInternal Medicine) and Stanford T. Roodman,
(Department of Pathology), St. Louis University School of
Medicine, 1325 South Grand Boulevard, St. Louis, MO 63104,
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vity to TCDD induced AHH activity correlated well with immunotoxic
effects. In humans, Kouri et al. (1975) have shown that TCDD stimu-
lated AHH activity in in vitro lymphocyte cultures, and others have
demonstrated polymorphism of the AHH system (Kellerman et al.
1973).

B lymphocytes are also suppressed in TCDD exposed animals, though
generally at higher doses than those required to suppress T cell
responses (Luster et al. 1979; Vecchi et al. 1980). Lymphoprolifer-
ative responses to the B cell mitogen, lipopolysaccharide, in ex—
posed mice are reduced in a dose dependent fashion. In vivo both
primary and secondary antibody responses are decreased in TCDD ex—
posed mice immunized to SRBC (Vecchi et al. 1980), and in vitro their
plaque forming cells are also depressed (Kellerman et al. 1973).
Strain susceptibility and TCDD inducibility of AHH is also seen in
humoral responses similar to those seen in T cell-mediated immune
responses {Poland and Glover 1980).

Vos et al. (1978) demonstrated that part of the increased mortality
to infectious agents in TCDD exposed mice was related to a marked
increase in sensitivity to endotoxin from gram negative bacteria.
Studies to explain this phenomenon examined macrophages, which are
principal cells in endotoxin detoxification., In summary, macrophage
dependent functions, including phagocytosis, killing and nitroblue
tetrazolium reduction of peritoneal macropahges have been found to
be normal in TCDD exposed adult mice. Further studies are needed to
understand this phenomenon.

Though TCDD does have toxic effects in humans (Reggiani 1978;
Pazderova-Ve jlupkova et al. 1981), little is known regarding effects
on human immunity. Reggiani (1980) reported on the immune status of
44 children (20 of whom had chloracne) in the Seveso, Italy accident
and found normal quantitative serum immunoglobulins and cowplement
concentrations, normal percentages of T and B lymphoecytes and normal
lymphoproliferation to witogens. No increased incidence of infec-
tions was reported. However, Bekesi et al. (1978) found that in
Michigan dairy farm residents exposed to a related halogenated hy-
drocarbon, a polybrominated biphenyl (PBB), in the form of contam-
inated meat and dairy products there was significant suppression of
cellular immunity. These subjects had decreased percentages and
absolute numbers of T cells, decreased lymphocyte transformation to
alloantigens and an increased percentage of lymphocytes with no
detectable membrane markers. The study was repeated approximately
one year later by Silva et al. (1979), who detected no abnormalities.
Tmmune function may recover in sublethal TCDD exposed mice after
several months once exposure is discontinued (Faith et al. 1978),
and perhaps this explains the disparity of immune findings in the
Michigan farmers.

In Feburary, 1983 the Centers for Disease Control, the Missouri

Division of Health and St. Louis University Medical Center conducted
a pilot medical health survey of Missouri residents exposed to TCDD
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contaminated soil in the Times Beach area. Based on previous animal
studies, cell mediated immunity was examined by measuring delayed
hypersensitivity skin tests, T cell subsets and lymphocyte prolifer-
ative responses.

Delayed hypersensitivity skin tests (DTH) were performed by the
intracutaneous application of seven recall antigens (tetanus, diph-
theria, old tuberculin, proteus, streptokinase, Candida and Trico-
phyton) using a Multi-Test device (Merieux Tnstitute USA, Miami, FL)
(Xniker et al. 1979). Skin test sites were read at %48 hours. Both
the number of positive skin tests (> 2 mm induration) and the sum of
the diameters of induration were recorded.

T lymphocyte subset analysis was performed using FITC labeled mono-
clonal antibodies (Ortho Pharmaceuticals, Raritan, NJ) to detect T
cell surface antigens and analyzed in a Spectrum TIT flow cytometer
(Ortho Diagnostics, Westwood, MA) (Hoffman et al. 1981; Lanier and
Warner 1981). OKT3 (pan T lymphocytes), OKT4 (T inducer) and OKT8 (T
suppressor cytotoxic) monoclonal antibodies were used to detect
total T lymphocytes and subsets.

Lymphocyte proliferation studies were performed in vitro on mononu-
clear cells isolated from heparinized venous blood by Ficoll-Hypaque
density centrifugation (Schiff et al. 1974). Mononuclear cells were
cultured either with medium alone or with the mitogens phyto-
hemagglutinin (PHA, Difco Laboratories, Detroit, MI), conconavalin A
(Con A, Sigma Chemical Company, St. Louis, MO) and pokeweed mitogen
(PWM, Grand Island Biologicals, Grand Island, NY) or with the anti-
gen tetanus toxoid (Massachusetts State Health Department).

The results of the DTH skin tests are illustrated in Table 1. The
patients were placed in either high or low risk TCDD exposed groups
as discussed by Dr. Webb. Since earlier studies had determined less
skin reactivity for adult females, we further divided the exposure
groups into adults ( » 17 years old), male and female, and children.
Vo statistical differences were found comparing the various high
versus low exposure groups, although several trends were noted for
less DTH reactivity in high TCDD exposed groups. There were fewer
positive skin tests found in high risk children (2.7 vs 3.5) and in
high risk adults (3.3 vs 3.9) and decreased induration in the two
groups (8.7 vs 10.6 and 12.6 vs 17.1 respectively). No differences
were observed in the adult female groups.

Analysis of T lymphocyte subsets revealed no significant differences
of either percentages or absolute numbers of T cells (OKT3), T helper
(OKT4), T suppressor cells (OKT8) or T helper/suppressor ratios
(T4/%8), comparing the high versus low exposure groups (Table 2).
However, two trends were noted in the high exposure group that indi-
cated the possibility of altered T cell surface markers. There was a
greater percentage of individuals with a T4/T8 ratio < 1.0 in the
high risk group compared to the low risk group (157 vs 6% respective-
ly). 1In addition, using the calculation (T4 + T8)/T3 to examine the
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Table 2. T-lymphocyte profile in subjects exposed to TCDD

Low Risk (32) High Risk (68)
Lymphocyte/ul 1462 + 227 1502 + 67
OKT3/ul 945 + 64 1086 + 56
percent 70.3 + 1.3 71.6 + 0.8
OKT4 /ul 588 + 45 652 + 35
percent 43.5 + 1.2 43.4 + 1.1
OKT8/ul 338 + 26 425 + 30
percent 25.6 + 1.3 27.7 + 1.1
T4/T8 ratio 1.85 + 0.11 1.80 + 0.10

Data are presented as means + S.E.M,

percentage of OKT3 cells with both T4 and T8 antigens on their
surface, 7/68 (10%) of individuals in the high risk group had a ratio
> 1.17 compared to none in the low risk groups, indicating the
possibility of dual surface markers on OKT3+ cells. During normal
maturation of thymocytes, cells express both OKT4 and OKT8 antigens,
but prior to release into the peripheral blood express only T4 or T8
(Reinherz et al. 1983; Janossy et al, 1981). This unusual phenotype
(OKT 3+ 4+ 8+ cells) is seen following recovery of the T lymphocyte
populations in renal (Cosimi et al. 1981) or cardiac transplantation
patients following cessation of anti-thymocyte antibody therapy (un-
published observation). This finding and the increased incidence of
low T4/T8 ratios in highly exposed individuals suggested altered T
cell surface markers. Beseki, using sheep red blood cells and com—
plement rosetting techniques, had found an increased incidence of
lymphocytes devoid of surface markers in PBB exposed Michigan resi-
dents (Beseki et al. 1978). Since TCDD is preferentially toxic to
cortical thymocytes, it is feasible that altered T cell surface
markers may result from release of immature T cells into the peri-
pheral blood. Future studies, which include examination of
thymocyte surface markers, need to bhe done to determine the
significance, if any, of these observations.

Lymphopraoliferative responses of cultured mononuclear cells to mito—
gens and antigens were performed to examine T cell function. Pre-
vious studies have shown that PHA and antigens stimulate T helper
cells, Con A stimulates both T helper and suppressor cells and PWM
stimulates T and B cells (Reinherz and Schlossman 1980). No statis-
tical differences were observed comparing high and low risk groups
for lymphoproliferative responses {Table 3). A trend was noted that
high risk children had lower tetanus toxoid stimulated blastogenesis
compared to their low risk counterparts (7,256 cpm vs 42,485 cpm).

In summary, we observed no statistically significant alterations of
cellular immunity in Missouri residents exposed to TCDD over a long
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period of time, which was comparable to the studies of Reggiani.
However, several trends were noted which suggested that perhaps TCDD
does affect human CMI. There were decreased DTH responses in child-~
ren and adult males and decreased lymphoproliferative responses in
tetanus toxoid in children. There was also evidence for altered T
cell surface markers as indicated by a greater percentage of high
risk subjects with low T4/T8 ratios and by an increased percentage of
individuals with T3+ T4+ T8+ cells. TIs TCDD respoansible for these
trends? TImmunotoxicity in humans exposed to TCDD might be expected
to occur extrapolating from the animal data and from Bekesi's study.
Likewise, we might also expect varying sensitivity to TCDD immuno-
toxicity, which seems to be linked to TCDD inducibility of AHH in
animal models. Certainly, there are also differences of inducibi-
lity of the AHH system in humans (Kellerman et al. 1973). The route
of exposure might be significant. In animal experiments and in the
Michigan farmers, exposure was by iungestion of the halogenated
hydrocarbons. Perhaps cutaneous contact does not cause as signifi-
cant internal organ dysfunction as ingestion because of decreased
absorption. The question of bioavailability of TCDD contaminated
soil was recently studied by McConnell et al, (1984) and found to
induce symptoms in animals fed the soil.

Future studies need to address actual TCDD exposure, perhaps by
measuring TCDD in fat tissue. Tn addition, subjects should be
examined during the exposure, as recovery of the immunotoxicity is
possible. Finally, inclusion of other immune studies such as CTL
responses, which may be a wore sensitive assay of TCDD immunotoxi-
city, should be performed. Finally, are there long-term health
effects of TCDD exposure, such as the development of soft tissue
sarcomas? Though a number of papers have suggested an increased risk
of soft tissue sarcomas in occupationally TCDD exposed individuals
(Hardell and Eriksson 1981; Moses and Selikoff 1981; Cook 1981;
Honchar and Halperin 1981; Hardell and Sandstrom 1979; Sarma and
Jacobs 1982), this remains unproven. Further long-term epidemiolog-
ical studies should address these questions.

REFERENCES

Beseki JG, Holland JF, Anderson, HA, et al. (1978) Lymphocyte func-
tion of Michigan dairy farmers exposed to polybrominated biphe~
nyls. Science 199:1207-1209.

Clark DA, Gauldie J, Szewczuk MR, Sweeney G (1981) Enhanced suppres-
sor cell activity as a wechanism of immunosuppression by 2,3,7,8~
tetrachlorodibenzo-p~dioxin (41275). Proc Soc Exp Biol Med 158:
290-299.

Cook RR (1981) Dioxin, chloracne and soft tissue sarcoma. Lancet
1:618-619.

Cosimi AB, Colvin RB, Burton RC, et al. (1981) Use of monoclonal
antibodies to T-cell subsets for immunologic monitoring and treat-~
ment in recipients of renal allografts. New Engl J Med 305:308-
314,

679



Faith RE, Luster MI, Moore JA (1978) Chemical separation of helper
cell function and delayed hypersensitivity vesponses. Cellular
Immunol 40:275-284.,

Hardell L, Eriksson M (1981l) Soft-tissue sarcomas, phenoxy herbi-
cides and chlorinated phenols. Lancet 1:250,

Hardell L, Sandstrom A (1979) Case-control study: Soft-tissue sar-
comas and exposure to phenoxyacetic acids and chlorophenols. Br J
Cancer 39:711-717.

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

Honchar PA, Halperin WE (1981) 2,4,5-T, trichlorophenol, and soft
tissue sarcoma. Lancet 1:268-269.

Janossy G, Tidman N, Papageroriou ES, Rung PC, Goldstein G (1981)
Distribution of T lymphocyte subsets in human bone marrow and thy-
mus: An analysis with monoclonal antibodies. J Immunol 126:1608-
1613.

Rellerman G, Luyten-Kerrerman M, Shaw CR (1973) Genetic variation of
aryl hydrocarbon hydroxylase in human lymphocytes. Am J Human
Gent 25:327-331.

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

Kouri E, Ratrie H TIIT, Atlas SA, Nebert DW (1975) Aryl hydrocarbon
hydroxylase induction in human lymphocytes cultures by 2,3,7,8-
tetrachlorodibenzo~-p~dioxin. Life Sci 15:1585-1595.

Lanier LL, Warner NL (1981) Paraformaldehyde fixation of hematopoie-
tic cells for quantitative flow cytometer (FACS) analysis. J
ITmmunol Methods 47:25-30.

Luster MI, Boorman GA, Dean JH, et al. (1980) Examination of bone
marrow, immunologic parameters and host susceptibiity following
pre—and postnatal exposure to 2,3,7,8-tetrachlorodibenzo-p~dioxin
(TCDD). Int J Immunopharmacol 2:301-309.

Luster MT, Faith RE, Clark G (1979) Laboratory studies on the immune
effects of halogenated aromatic. Ann NY Acad Sci 320:473-486.
McConnell EE (1980 Acute and chronic toxicity, carcinogenesis, re-
production, teratogenesis and mutagenesis in animals., Ta: Kim-
brough RD, ed. Halogenated biphenyls, terphenyls, napthalenes,
dibenzodioxins and related products. Elsevier/North~Holland,

Amsterdam, pp 109-150.

McConnell EE, Lucier GW, Rumbaugh RC, et al. (1984) Dioxin in soil:
Bioavailability after ingestion by rats and guinea pigs. Science
223:1077-1079.

McConnell EE, McKinney JD (1978) Exquisite toxicity in the guinea
pig to structurally similar halogenated dioxins, furans, biphe-
nyls, and naphthalenes. Toxicol Appl Pharmacol 45:298.

Moses M, Selikoff TJ (1981) Soft-tissue sarcomas, phenoxy herbicides
and chlorinated phenols. Lancet 1:1370.

Pazderova-Ve jlupkova J, Nemcova M, Pickova J, Jirasek L (1981) The
development and prognosis of chronic intoxication by tetrachloro-
dibenzo-p-dioxin in men. Arch Environ Health 36:5-11.

680



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

Reggiani G (1978) Medical problems raised by the TCDD contamination
in Seveso, Ttaly. Arch Toxicol 40:161-188.

Reinherz EL, Kung PC, Goldstein G, Levy RH, Schlossman SF (1980)
Discrete stages of human intrathymic differentiation: Analysis of
normal thymocytes and leukemic lymphoblasts of T-cell lineage.
Proc Natl Acad Sci USA 77:1588-1592,

Reinherz E, Schlossman SF (1980) Regulation of the immune response-
inducer and suppressor T-lymphocyte subsets in human beings. New
Engl J Med 303:370-373.

Sarma PR, Jacobs J (1982) Thoracic soft-tissue sarcoma in Vietnam
veterans exposed to Agent Orange. New Engl J Med 306:1109.

Schiff RI, Buckley AH, Gilbertson RB, Metzger RS (1974) Membrane
receptors and in vitro responsiveness of lymphocytes in human
immunodeficiency. J Immunol 112:376-386.

Silva JA, Kaufman CA, Simon DG, et al. (1979) Lymphocyte function in
humans exposed to polybrominated biphenyls. J Retic Soc 26:341-
347.

Vecchi A, Mantovani A, Sironi M, et al. (1980) Effect of acute
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin on humoral anti-
body production in mice. Chem Biol Tnteractions 30:337-342.

Vecchi A, Mantovani A, Sironi M, et al. (1980) The effect of acute
administration of 2,3,7,8-tetrachlorodibenzo-p~dioxin (TCDD) on
humoral antibody production and cell-mediated activities in mice.
Arch Toxicol Suppl 4:163-165.

Vecchi A, Sironi M, Canegrati MA, Recchia M, Garattini S (1983)
Immunosuppressive effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin
in strains of mice with different susceptibility to induction of
aryl hydrocarbon hydroxylase. Toxicol Appl Pharmacol 68:434-441.

Vos JG, Faith RE, Luster MT (1980) Tmmune alterations. Tn: Kimbrough
RD, ed. Halogenated biphenyls, terphenyls, napthalenes, dibenzo-
dioxins and related products. Elsevier/North-Holland, Amsterdam,
pp 241-266.

Vos JG, Kreeftenbewrg JG, Engel HWB, Minderhoud A, Van Noorle Jansen
LM (1978) Studies on 2,3,7,8-tetrachlorodibenzo-p-dioxin induced
immune suppression and decreased resistance to infection: endo-
toxin hypersensitivity, serum zinc concewntrations and efects of
thymosin treatment. Toxicology 9:75-86.

Vos JG, Moore JA (1974) Suppression of cellular immunity in rats and
mice by maternal treatment with 2,3,7,8-tetrachlorodibenzo-p~
dioxin. Tnt Arch Allergy Appl Tmmunol 47:777-794.

Vos JG, Moore JA, Zinkl JA (1974) Toxicity of 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD) in C57Bl/6 wmice. Toxicol Appl Pharmacol
29:229-241.

Received July 5, 1984; accepted September 2, 1984,

681



