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The aflatoxins are a group of closely
related toxic metabolites produced by certain
strains of the mold Aspergillus flavus. Since
the report that an outbreak of toxicity in
poultry was due to contamination of peanut
meal with aflatoxin (1), there has been a
growing literature concerning the toxic (2),
carcinogenic (3, 4) and teratogenic (3)
effects of aflatoxin and its most abundant and
potent component, aflatoxin B, (6).

Carcinogens have been observed to depress
immune mechanisms (7, 8), especially the
cellular immunity which is responsible for
homograft rejection (9). Stutman (10) has
reported a correlation between the sensitivity
of various strains of mice to tumor develop-
ment with 3-methylocholanthrene and im-
mune depression by the carcinogen. Since
lymphocyte transformation is considered to
be a manifestation of lymphocyte or cellular
immunity (11), it was decided to investigate
the effects of aflatoxin By on in vifro trans-
formation of human peripheral blood lym-
phocytes by phytohemagglutinin and specific
antigens.

Materials and Methods. Peripheral blood
samples were obtained from patient volun-
teers at the Medical Center Hospital of Ver-
mont who were not receiving corticosteroids
or tranquilizers and who were not seriously
ill. After the venipuncture, peripheral blood
lymphocyte cultures were established by the
method which has been described previously
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(12). In brief, the bulk of the polymorpho-
nuclear leukocytes and monocytes was re-
moved by adherence to soft glass and the
lymphocyte-enriched buffy coat washed re-
peatedly to remove autologous plasma. The
final leukocyte concentration was 40% to
70% small lymphocytes, and 10® lympho-
cytes/ml were suspended in 3 ml of medium
(Minimal Essential Medium-Spinner) con-
taining 20% fetal calf serum, 50 pg/ml of
streptomycin, and 160 units/ml of penicillin.
Penicillin was omitted from the cultures if
the patients gave any history of definite or
possible penicillin allergy.

Aflatoxin By, which was generously sup-
plied by Dr. Gerald N. Wogan of the Massa-
chusetts Institute of Technology, was dis-
solved in dimethyl sulfoxide (DMSO) (Fish-
er Scientific Company) at a concentration of
1.6 pg/ml filtered through a 0.45 sterile filter
unit (Nalgene), and added to duplicate test
cultures with a final DMSO concentration of
3%. Control cultures with and without DMSO
were also established which indicated no
toxicity of DMSO at this concentration.
Phytohemagglutinin-M (Difco), 0.1 ml, was
added to induce lymphocyte transformation.
Purified PPD, which was supplied by the
Parke-Davis Company, was added to PPD
test cultures at a concentration of 10 pg/ml.
Test cultures to live mumps antigen were
established by adding 0.1 ml of mumps anti-
gen prepared from the Enders strain of
mumps, received from the Research Refer-
ence Reagents Branch, NIAID, NIH, and
passed three additional times in rhesus mon-
key kidney.

The cultures were incubated with 50 pCi of
tritiated thymidine (1.9 Ci/mmole) from
days 5 to 6 of culture and harvested by the
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previously described Millipore membrane
technique (12). The Millipore membranes
were placed in scintillation fluid, counted in a
liquid-scintillation counter, and the results
expressed as the total counts per minute of
tritiated thymidine incorporated in each cul-
ture of 3 X 10% lymphocytes. The uptake of
tritiated thymidine was utilized as a measure
of the degree of lymphocyte stimulation be-
cause of the greater objectivity and sensitivi-
ty of this technique as compared with the
simple determination of blast percentage
(13).

Results. The addition of aflatoxin B; to
phytohemagglutinin-stimulated cultures of
human peripheral blood lymphocytes resulted
in an inhibition of tritiated thymidine up-
take as compared to control cultures without
aflatoxin B; (see Table I). A significant de-
gree of inhibition was observed with aflatoxin
concentrations of 5 ug/ml (1.7 X 10=5 M)
and a lesser degree of inhibition was still
observed with 0.5 pg/ml (1.7 X 10—¢ M).
The addition of 3% DMSO vehicle to similar
phytohemagglutinin-stimulated  lymphocyte
cultures had no effect upon tritiated thymi-
dine uptake. In a patient who was tuberculin
positive, it was observed that incubation with
50 pg/ml of aflatoxin B; produced 62% in-
hibition of the increased uptake of tritiated
thymidine in the PPD-exposed lymphocyte
cultures. Aflatoxin B; at a concentration of
50 pug/ml was similarly observed to complete-
ly suppress the increased uptake of tritiated
thymidine produced by mumps antigen in a
patient who was mumps-sensitive. Slides
prepared from duplicate cultures of phyto-
hemagglutinin-stimulated human peripheral
blood lymphocytes, which were stained with
Wright-Giemsa stain, revealed that the phy-
tohemagglutinin-exposed lymphocytes which
were incubated with aflatoxin By at a con-
centration of 50 ug/ml appear to have trans-
formed normally to immunoblasts.

Cultures were incubated with phytohemag-
glutinin and aflatoxin B; (50 pg/mly, and the
cells were then washed and placed in new
media containing only phytohemagglutitin
after 1, 2, 4, and 20 hr of incubation. In two
such experiments, it was observed that wash-
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ing the cells after 1, 2, or 4 hr incubation
with aflatoxin B; and placing the cells in new
media containing only phytohemagglutinin
prevented the inhibition of tritiated thymi-
dine uptake which was observed in the un-
washed cultures. However, washing of the
cells and removal of the aflatoxin B, after 20
hr of incubation produced a degree of inhibi-
tion identical to that observed in the un-
washed cultures containing aflatoxin By.

Discussion. The present study indicates
that the extremely potent carcinogen aflatox-
in B is able to inhibit the stimulated uptake
of tritiated thymidine by phytohemagglutinin
in human peripheral blood lymphocytes, and
to decrease the stimulation induced by po-
tent antigens—in this case, tuberculin and
mumps. The molar concentrations of aflatox-
in By that produced a significant degree of
inhibition appear to be smaller than was re-
ported for other immunosuppressant drugs
(14). Many of the commonly used carcino-
genic agents have been observed to produce
inhibitory effects on numerous components of
the immune system (7, 8), especially an
inhibition of delayed or cellular type immu-
nity (9), and it appears that aflatoxin B;
may have a similar spectrum of action.
Aflatoxin B, is believed to act by inhibition
of DNA synthesis (15, 16), an effect detecta-
ble within the first few hours after exposure
of human embryonic lung fibroblasts to
aflatoxin (17). Aflatoxin B, is believed to act
by combining with the DNA and thus pre-
venting DNA, RNA, and protein synthesis
(18). The present study indicates that the
inhibitory effect of aflatoxin B; on tritiated
thymidine uptake of human lymphocytes can
be reversed if the cells are washed and re-
placed in aflatoxin B-free media after up to
4 hr incubation with the drug. However, after
20 hr incubation, the aflatoxin B; appears to
be bound to the cell, and repeated washing
does not reverse the aflatoxin B; inhibitory
effect upon tritated thymidine uptake be-
tween days 5 and 6. Another possible explana-
tion is that at 4 hr the aflatoxin By has not
yet entered the cells.

Aflatoxin By has been observed to produce
effects on human Chang liver cells in tissue
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culture (19) and on human embryonic lung
fibroblasts (17). The present data suggest
that the human peripheral blood lymphocytes
are as sensitive to the effects of aflatoxin B,
as are the human embryonic liver cells, and
that the aflatoxin B, appears to block a path-
way common to both antigenic and phytohem-
agglutinin stimulation. Studies are in prog-
ress to determine whether there are any spe-
cific morphologic alterations in the aflatoxin
B,-exposed lymphocytes. Studies on the pos-
sible systemic immunosuppressant effects of
aflatoxin B; in animals appear to be war-
ranted by the present observations.
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