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ABSTRACT

LT

Splenic cells from meuse were cultured in microplatus and the up!
of 3H—thymidine determined co evaluate the lymphocytic transformatic .

in short term (64-68 hrs) cultures. The colls undergo spontan ous

blast formation as well s selecrive activatiosn of subpupialation o
lvmphocvtes by addi-ion >f phytomitogens in culture media. The two
phytonitogens used in these studies were phytohemagelutinin (PHAY . ]
pokeweek mitogen (PWM), which are known to be sclective for thymus-
dependent (T-lymphocytes) and thymus~-independent (B-cells) lymphocytes
from mousc spluen, respectively., The suitability of these cultures for
The blast format.on of lymphocytes from mouse splecns decreased consider-
ably with age in growing animals. Addition of small amounts of vither
mousie serun or liver tomogenmate significantly inhibited the chymidine up-
take by cells in culture. Microsomes isolated from liver when added to
these cultures had only o lictle iaflucnce on themidive uptake.  Exposure
of male mice to different chemicals altered the transformation character-
istics of their splenic lymphocytes. Addition of chemicals directly to
Iymphoevte cultures also caused different effects indicating that some

of the effects can be caused directly on the cells, Based on these
studies it is suguested that lymphouyte cultures from splecns can be
utilized for toxicity evaluation of chemicals on immune unctions of

the orpanism.  The results can boe used to predict dmmunosuppression or
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immunostimulatien potential of different chendcals. Further studlies

with a large number of chemicals will help ascertain the mechanisms

g/e20l SBd

and implications of the efrfects scen in lvmphoevte cultures.




INTRODUCTLON
Lymphoid organs and lymphocytes have been known to be intimately in-
volved with different immune mechanisms in the body,  Both cell mediated
and bumoral type ifmwune responses are sedidted through different tyvpes
of lyvmphooyres, A general plan by which lvaphoceyvtes may acquire their
differenrial and sclective action is shown in Fig. 1. The population

of peripheral lyzphoevees consise of at least two different types of
cells, f.es, T-eells that are involved in cell mediated and delayed type
ol immunity, and B-cells that are implicated in the sccretory process of

antibodivs.

All lvmphoevtes originante in the bone marrow of higher organisos.  Some
of these ceolls migrate to the thyvmus, usually carly in life, and become
thyvaus dependent or "T"~lymphocvites.  These cells proliferate into
effector colls or memory cells.  They are also iavoelved in the pro-
duction of various factors (i.e. lymphorines) that regulate the
activity of other cells (v.g. B-cells or macrophages) and also have
important biolegical actions. The outer nembrane of T-lvmphocytes
possess a small amount of immunoulobulin molecules.  B-cells, also
originating in the bone marrow, are diftrerentiated clsewhere in the
body. In birds, this differentiation takes place ifn the Iyvephoid
follicles located near the Bursa of Fabricius. In mamnals, tetal

liver and/or other lysmphoid organs associanted with the Jisestive tract

aay be fnvolved in this diffeventiation,  The surface of B-cells
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is covered with spevific receptors or mivrogluobulins that may be
specific for the production of different immunoglobulins. These cells
are the precursors of plasma cells that produce antibodies. (For more

information see Hobart and McConnell, 1973).

In 1960, Nowell found that planc lectins such as phveehemagglutioin

(PIA, a lectin derjved from Phascolus vuluaris) stimulates lymphocytes

in vitro in a manner that is morphologically and biochemically similuar

to the responses induced by antigenic stimulation in vive. Douglas et

al., (1967) reported that another phytomitogen from vokeweed (PWM,

obtained from Phvtolacca americana) stimutated a signi<icant number of

cells to develop structural characteristics of the plasza cell line in
vivo. A nuiber of other chemicals that stiaulate the lymphocyte
responses Include bacterial lipepolyvsacceharide (LS, from FH. Coli),
convanavalin A (Con A) and antilvinphocyvtie scerum (ALS) (Andersson et

al., 1971).

The fact that the lymphocytes can be scelectively stinulated by different
mitogens provided a tool for studving the subpopulation of these cells
in vitro. Almost simultancously, several workers reported that PHA

was seloctive for mammalian T-cells whereas PWM induced mitosis in B-

lymphocytes (Janossy and Greaves, 19715 Stochknman ot al., 1971).  Some
of these Tindings were made possible by the techniques that utilized
DNA synthesis in ¢ells as a measure of their mitotic activiey. In

short tern cultures, the mitotic activity is exhibited by the formacion
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ol blast cells (hence these chemicals are also referred to as
blastogens) and can be readily estimated by the incorporation of a

labeled DNA base (e.g. 3H—thymidinu).

The evaluation of lywphoeyte populations in vitro was suggested for
monitoring the immunologic computence of lvmphocytes from patients

with various immunologic disorders and those undergoing immunosup-
pressive therapy (Oppenheim, 1968). It has also been used to describe
the hypersensitivity reactions in responsive irndividuals (Halpern,
1972), and also to evaluate the immunosuppressive potential of en-
vironmental chemicals (Nahas et al., 1974%; Vos and Moore, 1974; Caworski

and Sharza, 1977).

This report describes a method thaz has been developed on the basis of
those mentioned above and can be used as a routine test for immunoloygic
evaluation in lcayg or short term toxicity studies. The method can also
be used for fn vitro addition of chemicals or their metabolites to the

cultures if a direct effect on the lymphocytes is to be evaluated.

1gge0t SB¥H




—6-

METHODS

Cells and Muterials. The splecn is a convenient source of lymphocytues

for culturing from unimals exposed to a test chemical. If a test needs
to be perforaed in the ianterin periods, it c¢an also be performed on
whole blood samples (Park and Cood, 1972). The presence of erythroeytues
does not interfere with the assay aund the blood samples can be used
direetly witiiout any processing, If necessary, blood can be hemolyzed
by diluting in a hypotonice saline solution and lymphocovtes separated
fmmediately by centrifugation. In the case of spleen, the organ is
taken out aseptically from aniamals (decapitation is zatisfactory) and
stored in a sterilized physiological saline solution il the lympho-

cytes are isolated. It is suggested that the spleen not be allowed to

oo
sit for more than 2 hours for musimuem viability of the cells. The

spleen can be welighed i desired and rinsed in steriliced saline before

use,

Other materials requived for this method are: sterilized physio-
logical saline sulution, a sct of sterilized forceps, supply of
sterilized culture tubes, culture medium (RPMI 1640, supplesented
just prior to use with 107 fetal call serum, inactivated by heat-

ing at 30°C for 1/2 to 1 hour, penicillin 100 units/ml, streptomycin
0.1 my/el and L-glutamine 0.3 mg/al), phytomitogens (see below),
nicreculture plat s and covers (Faleon 3050), Eppendort! ov a similar

pipeting svstem wich sterilized tips.
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The method described below is the one typically emploved in our studies.
The animals used in the following studies were male CD-1 mice obtained

P

from Charles River Breeding Liboratories, ine. (Wilmington, Mass.).

Prevaration of Lvmphocevee Suspensions.  The whole spleen of a mouse or

part of the spleen of other laboratory animals (usually 0,1-0.2 g tissue
provides cnough lyvmphoeyvtes) was rinsed in sterilized saline solution
and placed in a pesri dish containing 3 ml physiological saline.  The
tissue was mashed with forceps until most of it was disrupted. The cell
suspension was mixed well (by flushing through an 18-gauge needle with a
syvringe) and passed through a serics of hypodermic needles (using a
syringe and 18, 21 and 26 gauge needles in succession) to separate the

unbroren tissue and cell aggregates. The suspension wis finally trans-
[ u) \\'1 I .

£82201 s®y

ferred to a glass culture tube and allowed to stand for nearly 10 minutes
to allow the cell aggregates to settle or adhere to the sides, Using a
disposable transfer pipet, the suspension was transtuerred to a different

culture tube leaving che bottom porzion (ca 0.5 ml) behind,

The suspension (nearly 400 ) was then centrifuped At room tempetiture
for 15 minutes., The supernatant was removed by suction and 3-4 =l of
culture medium was added immediately over the cell pellet.  The cells
were suspended in the wedium using o Vortex mixer.  After altloving to

stand for a few wminutes, the cell suspension wias transterred to another

tube leavies the apprewated clumps behind.




towas considered desirable to process oaly 16-20 samples sinul-

taneously and no more than 32 samples weore processed at any one tidw

50 the process could be completed in one-halr dawv,

An aliquot of the cell suspensfon was removed and che concentration
of lymphoevtes deternined using an celectronic counter, The red cuells
were lvsed before counting.  The viability of the colls was checked
occasionally by adding a litcle trypan blue to an aliquot of cell
suspuntsion and the cells counted in a hemovyvtometer, The viabilicy

in vur uvxperience was always better than 9575 and was not routinely

chiccked.  The original suspension was then adjusced to provide

. b oy ; .
approxinmately § x 107 cells/ml. The culls were counted again alter

ution and culturing to check the {inal concentration.

Aliquots of the above suspeansion, 50 ol vepre-

senting approximately 400,000 lymphoevres, were placed in ecach well of

a nicrocultyre plate,  The cultures were conducted either in triplicate
or quadruplicate for cach animal or addition of a mitogen, and thus §
animals were accomodated in cach culeure plate.  An arrangement of

2 In order to keep a record of

>
plating scheme is shown in Figure
woeordingly.

culture numbers, a diagram was prepared on paper and labeled

The lymphocytes were allowed to settle on the bottom before any other

additions.

After all samples were plated, 50 1l of culture medium was added to

‘:;u.‘h well,  In caxes when vitro




substance (e.y. liver supernatant) was desired, mediva containing the

appropriate chemical was added. Usually liver homogenate or serunm
coustituted less than 257 of the medium (12,5 ul) and the mixture added
instead,  Subscquently, an additional 50 gl of cither medium alone or
nedium containing PHA or PWM (sece below) was added and the plates

corered and incubated for 48-530 hrs. at 37°C in a humidified 37 CO, in

air atmosphere.,

The mitogens, PHA and PWM (obtained from Grand Island 3iolouicals, Grand
Island, N.Y.) were reconstituted to 10 ml and portions diluted in medium
to provide 0.5 4l in evach culture well., This provided optimunm con-

centrations of lectins (about 2.5 ul/ml in final incubation medium),

After the above incubation, the cultures were spiked with 30 ul of
medium containing 0.5 wCi of 3H(mcchyl)-chymidinc (New England Xuclear,
Boston, Mass.). The plates were reincubated for an additional 16

hours. The cells were then harvested using a Model MLIV Cell Harvester
(Brandel, Rockville, Md.) and collected on Reeve Angel 934AH glass fiber
discs. The cells were vigorously washed with saline. Precipitation by
triclhilorodcetic acid (TCA) and repeated washing of cells with 30 TCA had
no influcnce on the thymidine uptake; thus, the coells were washed with
saline rather than TCA,  The pluass fiber discs, nearly dry because of
vacuum suction in the harvester, were directly placed in regular scin-
tillation vials., Scintillacion (luid (Aquasoel, New Enelaoad Suelear,
Boston, Mass.), 10 ml, was added to vach vial and the solution was well

shaken,  Thede vials were counted in a Mark 11T Scintillation Counter




-10-

(Scarle Analyties, Inc.) for one minute ecach; the counts were coaverted
to disintegrations per minute (dpm) using a standard quench curve.  The

. . . - 6 .
dpm were averaged for replicate samples and adjusted {or 107 cells in
culture. The stimulation index for PHA or PWM was determined by dividing
the dpm for cultures with respective mitogen by dpm irem the similar

culture containing no oitogen,

Whenever necessary, values from different aaimals in a group were aver-

aged and the results were exprossed as mean and ics standard error.
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RESULTS AND DISCUSSION

The purpose of this report is to describe and evaluate a method uriliz-
ing lymphocyte transformation (blast formation) in a culture system.

The method used above has been moditfied primarily from that described by
Junossy and Greaves (1971) and adopted for automated harvestcing of
cells.  Many of the parameters have been evaluated previously and were
cither used or optimized from the information available. Generally che
factors that may be of importunce in evaluation of toxicity of chemicals

were further exanined.

, .3 . .
Determination of “H-Thvmidine Uptake. The cells were harvested onoa

mechanical harvester and were vigorously washed using saline as a wash
solution, Whether this procedure disrupts cells so that only DNA
bound thymidine (and net the soluble pool) is determined was
quustioned.  In one of the experiments the cells were precipitated by
addition of 7% trichloroacetic acid (TCA) and were then washed on the
harvester using a 37 TCA solution. The washing was repeated several
times in one case.  Results of such an experiment are shown in

Table L. Tt is apparent that precipitation of cellular material is
not necessary and saline wash provides the same values as after the

TCA precipitation and washing.

Concentration of Culls and Phytomitopens in Culture. The effect of

cell concentration on lymphocyte trausf{ormation using flat-botton
microculture system has been described by Janossy and Greaves (1971).

These authors have reported the optimal concentration of cells to be

482201 sypy




5 . , .
4 x 107 per culture well, the transformation being proportional to the

number of culls to this poinc but declining sharply 1f the number of
cells exceeded this limic, Our svstem generally employved less than or

equal to this number of cells,

The cell preparation described above generally vielded more than
95% viable lymphocytes. Because of this constant recovery it i
possible to use an electronic counter (Coulter, Ine.) after lysing

the red cells,

The optimal amounts of phytomitogens, PHA and PWM are also described
by Janossy and Greaves (1971). Excess of mitogen generally results in
inhibition of lymphocvte transformation. The concentrations were
optimized to provide the above nentioned valucs using the available
mitogens, It is supgested that the concentrations be optimized for

cach prepuration used,

Variabilicy in Replicates and Within Animeds. Variabilicy within

replicates of the same culture svstem is inherent in these procedures
(Sraf and Mather, 1972). In our svstem a 107 variation between differ-
ent replicates was usual but occasionally larger variations wery
observel., Sufficiently large animal-to-animal variations were often
noted,  Graf and Mather (1972) have supgested a nonparametric nnalvsis
of variance using peometric means of replicates. In our eaperience,
use of parametric test methods was sufficient to detect effects of

choemical treatments. Use of o nonparametric syatem, althouch more

882201 S»H




sensitive, was not employed since we do not know the causes of vari-

ability and the related implication. Sensitive statistical tests for

significance may, however, be applied if considered suitable.

Influence of Age on Lvmphoevee Transformation. In many toxicologic

studies, groving animals are used for short cerw repeated exposures to
chemicals. Like certain other effects. the lymphoeyte transformation
is also altered with age,  Adult unimals‘possuss considerably fewer
lymphocytes that will fora cither spontancous blasts or can be stinu-
lated by phyromitogenic agnencs. Fig. 3 and Table 2 illustrate the

effects of ape in different ciperiments. These experiments were not

conducted scparately but the data were obtained from centrol proups used

in scveral other experiments iuvolving evaluation of chemical inmu-

notoxiecity. It is appareng that there is a relatively rapid decline in

spontancous blast Jormution of mou:c splenic lymphocvees and also of
stimulation indices obtained with PILN and PWH,  In immunotoxicolowic
evaluation, the wse of juvenile animals may have some advantage, al-
though the variability is reduced considerably in older and mature
animals=,  Ar the some time the immunotoxicolegical coffeet of chemical
exposure is also considerably reduced in adult animals (Vos and Moore,

19745 Sharma et al., 1977b).

A drastic decline with ape in one of the experiments shown in Fig. 3
mry have been due to the stress produced by housing counditions.  The

animals in this group were housed in inhalation chambers and were

tiw
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deprived of food and wuter during sinulated exposure (although these
were used as controls for respective exposure proups). Repeated hand-
ling of cages and other stress factors such as water duprivation for an
extended period may be responsible for such a decline., Stress induced
modulation of immunc responses has bueen described previously (Monjan and
Collector, 1977) whure environmental stress both depressed and enhanced
the immune responsiveness.  In immunotoxicolepic studies, an appropriate
control, exposed to similar environmental conditions, iz, therefore,

highly desirable,

Addition of a Metabolizing Svstem or Other Tissues Lo the Cultures. In

the case wvhere a chemical exposure alters the transformation of lyvmpho-
cytes, additien of the chemical to the culture system directly in vitro
can assess whether the etffect is due to the chemical per se. It is
possible that the chemical exerts its effect in vive after being elther
itsel! modified chemically (biotraunsformation) or by modifyinyg some
tissue components (hapten conjupation). To verify such cases it was
considered desirvable that the chemidal be added to culture sinultane-
ously with an active metabolizing system or tissues like sorum or lliver
from exposed animals. Addition of different amounts of serum and liver
homoyenate wias thus attempted and the representative data are given in

Table 3.

It appeared that even a small ameunt of these biomaterials, as licttle as

5 w1l of seruwm and 0,05 ug of liver Uissue tooa 200 gl cuelture system
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produced appreciable inhibition of the lymphocyte transformation., A
rvduction in both spontancous transformation as well as in mitogen

induced transtormation was observed.  The offect of scrum was surprising
singe the culture medium contained 107 fetal calfl serun (heat-inactivated).
Janossy and Greaves (1971) have supgested that feeal calfl scerum stimu-
lates lvmphocyte triansformation. 1o another repert, Vos and Moore

(1973) reported that rat scerum inhibicts cell transtformation in cultured

thymocytes or splenic lymphocevees,

In a subsdcquent experiment, manipulations were made to serum and liver
supernatent to deternine the nature of inhibitory factors. The results
of such o preliminary experiment are shown in Table 4. Heating (36°C
for 1 hour) and dialyzing (in a dialysis bag, 15,000 daltons cut-off,
against 0,00 M phosphate buffer, pl 7.5, for 18 hours) appeared to
reduce the inhibitory effect of mouse serum only pavecially. Similar
treatments were, however, not offective in the case of liver supernatent.
When puritivd microsomes (100,000 3 pallet from a poste-mitochondrial,
9,000 p supernatent) were used in oan anount cquivalent to the added
Liver tissue, these were not found to be inhibitory. At this stuace, the
nature ol inhibitory factor(s=) in mouse scerum and liver acainst its own
splenic lymphocytes is not clear but sonme other reports also suppore
this contention. In addition to the fnhibitory effect of rat scrum
referred to above, scrum and liver factors were reported to be inhibi-
tory for hepatocyte nultiplication in culture (Nadal et al., 1976).
Supproession of lymphocyte stimulation in culture was also reported by

uterine and placental cutracts (Kouttab ot al, 1976),
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Based on preliminary resules, it mar be suggested that the inhibitory
] A - e,

factors in liver are primarily in the soluble fraction and the chemicals
can be metabolized by utilicing o purificd microsomal system in lyvmpho-
cyte cultures if necessary.  This hypothesis, however, has not been

experinentally tested at this poine,

Lrfecet of Antizsen Challenwe on Lvmphocevte Transformation., 10 an immuno-
—_ Jlid 2y -

suppressive role of a chemical has to be evaluated, it may be necessary
to challenge the u.\:r.os-.-'d animals siaultancously to a known antigen and
determine the specific immune respounsvs.  In sumwe of our immunotoxicolugy
experizents we attexpted such a technique.  Exposure to 2,3,7,8-tetrachiloro-
dibenzo-p-dioxin was found to be Immunosuppresive (measured by skin
reactiviey to tuberculin and antibodies to tetanus tonoid in sensitized

animals) but exposure to vinvl chiloride did not show a similar cftect.

This corrcelated well with the mitogen sticulativa indices in lymphocvee

¢6220L S%?Y

cultures from animals exposed to these chemicals,  In these experimencs,
the animals were challenged with a misture of tetanus toxeid and Freund's
conplete adjuvant and the effect of this tetanus antizen challenge in

contruol groups of mice is shown in Table 5.

In both cases, antigen challeane increased the spontancous blast for-
mittion of lvmphocytes in culture and also increased the stimulation
indices apaiast PHA and PRM. The increase in spontancous translormation
was similar to those observed with exposure to chemicals in some cases

and no additional interactions of the two (chemical enposiure aud antipgen
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challenee) were observed.,  Known immwunosuppressants like 2,3,7,6-
tetrachlorodibenzo-p=dioxin causced a decrease in the sgimuintion indices

even after antiyen innoculations,

Althouzh these results sugpest that antigen challenpe caused a stimu-
lation of spontuancous .aud induced lymphocyvte transformation in culture,
In one citse

these diftfer somewhat from some of the earlicr veports,

where chickens were injected with killed Myecobacterium tuberculosis

oryanisos, the peripheral Iyvaphocytes from these anioals showed o
variable eftect to PIA (Visco and Buening, 1977). Only one out of four
birds showed enhancement of the stimuluacion index, while all 4 showed
increased stimulacion when purified protein derivative (PPD) was added
to the culture.,  Challenye of ehiiekens to Morek discase virus (MDV)
decreased the stimulation fndices by PV, PWM and Con A (Lu and Lapen,
1974). Our resules in mice challensacd to a bacterial antisen suspest
that the splenic lymphoeytes are seasitized to the phytomitogens.  In
addition to usinyg an antigenic chiallonge tor immune-tvsicelogic evalua-
ation, it is Imperative that the health status of animals in suzh studies
should be carclully monitored, since the presence of infection can alter
the results,

Evaluation of Selected Chemicals.  Using mouse splenic Tvmphooyvte

traustornation as one of the methods for toxicolosic vvaluation, o

number of choemieals have been tested.  The details of these are reported

vlsewitere (Sharma ot al., 1977 a, b, ¢). A sussary of these observations

ﬁ_ﬁ\
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is listed in Table 60, Some of these chemicals and their biotranstfor-
mation products were used for direct addition to cultures in vitro and
these results are prescuted in Table 7. 1o is interesting that both
vinvl chloride monomer and strrene caused enhancesent ol spontantous
Lvmphoeyte transformacion vhen the anizals were exposed to these chemdi

cals in vive, In vitro, on the other hand, these chemicals were in-

active, but their moevabolites caused a similar stimulation. This il-

y62201 S%Bd




CONCLUSTONS

o)
Ro
wn
-t
(=]
n
N
w
(4]

Based on the testing of a limited number of chemicals, it may be said
that splenic lympheoeyvte transformation in vitro can be counsidered as a
model svstem for the evaluation of the effect of chemicals on immune
mechnisms, Unless a good correlacion by ocher testing methods is estab-
lished, it should be used as a supplesentary test in conjunction with
other tests on the immune systen, f.e., an eflect on the fmmune responses
to antigenic stimulation.  The mouse dappears to be o satisfactory species
but axe of the animal, housing and care, and adequate controls should be
considered in any testing protocol.

Since the responsivencss of lymphocevtes to transioroation is greater in
vouny, animals as compared to adults, the anioals should be ased betore

achieving maturity. Mature aninals can, of course, be uscd for com-

4

parizon.

Eaact implication of alteration of lyvephocyvte transtormation is not
Riaown at present. The responsiveness ol lymphoceytes to phytonitogens is
saltd to involve the same derepression phenosenon that is induced by
antigenic subsitanees in vivo (Oppenhedn, 1968). 1o addition, phyto-
mitogens cause a4 selective induction of DNA svothesis and this can be
ured as a2 tool for measuring the responsiveness of difTerent populations
of Iymphoeytes (Andersson et oad., 19720 Janosser and Greaves, 19710

Stockman vt oal,, 1971).  Mouse splenic cells have relative selectivity




for some mitogens and in case of the two used in this report, mouse B-

lvaphogvtes are stimulated by WM, whereas T-cells exhibit selectivity
to PN (Janossey and Greaves, 1971: Stockmnan wt al., 1971). PHA is
considered as a general nonspecific stimulant in other species (Visco
and Buening, 1977). Regardless of their sclectivity ie is desirable to
use several mitogens,  In a mixed cell systen, such as the one described
above, covperation among different cells is likely and the activity of
one 2ay ialluence the transformation of cells in another subpopulation

of lymohocytes.

Although it is desirable somctimes to use a purificd population of
Lympho-cytes, It is difrficult for routine testing of chemicals, Manipu-
lation o lvmphooyvtes has been known to alter their transformation
properties, e.g. lysphoevee activation by cell separation procedures has

been reported (Wardley et al., 197v),

An alteration of stimulation {ndices (o phytomitogsens by exposure of
anizials to chemicals may be considered as an of fect on immune mechanisms,
Depression of such indices is comparable to lmmune suppression in the
organism, as was the case with 2,3, 7 8~tetrachlorodibengo=-p=dioxin, The
exact implication of an incredased stimulation index is not yoer pparent
but It wmay be considered as an fmmone enhagcesnent or medulation of

imunune responscs. Such a phenomenon s been described in the case of

levamisole (Reanoun vloall, 1970),

962201 S®Y




Influcnee of chemical exposure on spontancous blast tformation on lynpho-

eyte cultures is difricult to explain,  Several chemicals tested by this

protocol exhibited this phenomenon, i.e. increased trangsforaation in
culture.  Such an effeer, however, should aot be considered universal or
notspecitic since exposure of male mice to tuaxic heavy metals Jdid oot
produce such eitect, although the stimulation indices to aitosens were
altered (Gaworski and sharma, 1977).  Orgad and Cohen (1973) have implicd
that increased lymphoeyte sensitivicy, particalarly that of T-cells is
indicative of auteimmunologic effeetse [t would not be unlikely that
such cifect is produced by hapten-conjuyation wechanisms and is similar
to in .Vi._":.‘_'. antigenic stimulation, If such Is the case, the sensitiziag

potential of chemicals can be tested using these techniques. A direct

evidence of this elfcet cuan be made i1 the sensiticed Tvaphoevies show

L6220l S®H

increascd transtrormation in the presence of chenfcals 10 culture, but
often lacturs such as biotranstormation and spoeviticity towiards o conju-

piting-macromolecule in the orpanism nay make such testing Jdifdicule, iY

not impossible.

A reduction in lvophocyte transtforeat! ion may be indicative of irmune
suppression and may be wediated cither through Joamase of Tomphatic
organs (as appears to be the case in high doses of 2,3,7,8-tetrachloroe-

dibenzo-p=dionin) or throuph sterold suppres<sion mechanisss. The latter

may be the reason for decreased respoasiveness in adult animals or the

animals exposed Lo an cavironmental stress,




In some of vur studivs, the enhancement of spontancous lymphocyte trans-

formation by chemical vexposure wias similar to one caused by antigenic

stimulaction, and the fact that these two did not have an additive effect,

further supports the argument that this may bhe an autoimmunologic phe-

nomenon.,
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EFFECT OF WASHING WITH TRICHLOROACETIC ACID (TCA)
ON SPLENIC LYMPHOCYTE CULTURES®

Stinulacion Tndex

Treatment DP.\(/lO6 cells

PHA

PWM

Wash with Saline
Wash with TCA once
Wash wicth Saline

Wash with TCA repeatedly

4.0

3.3

3.5

3.6

a . . -
The cells were treated with and washed with a 37 solution of
trichloroacetic acid to cause precipitation of nucleic acids
and proteins.

All cultures run in quadruplicate and averaged.
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Table 2

INFLUENCE OF AGE OF GROWING MICE ON THE MITOGEN INDUCED
STIMULATTON INDICES OF SPLENIC LYMPHOCYTE TRANSFORMATION IN CULTURES

Stimulation Indexb

Experim;nc Approxizate
Number® Age,davs PHA PWM

1 32 4.6:1.8 31.1:5..

46 2.8:0.4 12,4%1.2

60 15.926.1 17.6x5.0

88 1.7:0.2 5.1:20.4

2 43 4.621.7 10.1:1.9

57 2.9:21.1 4.2:1.6

71 2.320.7 2,220.4

99 1.520.2  0.7:0.2

3 38 8.422.2 10,9:2.4%

- 43 3.6+0.8 6.5:1.0
50 3.2:0.8 4.520.5

54 4.2:0.7 4.1:0.8

d : . . . . .
The first two experinents are same as those also indicated in Fig. 3.

MeanzSE, 4 unimals/group, each culture in triplicate.
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Table 3

EFFECT OF MOUSE SERUM AND LIVER SUPERNATANT ON
LYMPHOCYTE TRANSFORMATION IN VITRO

Stimulation Index

Agent and amount 6 b

added, DPM/10" Cells PHA Py
None £€658=1174 3.8 4.4
Serum, 1 ul 8077+2103 2.3 2.5
Serum, 5 .l 541922052 3.1 2.1
Serum, 10 ul 471021794 1.9 5.0
None 9252+3987 3.5 2.3
Liver, 0.25 ul (0.05 up) 60391316 3.2 2.4
Liver, 2 ul (0.4 uyg) 579421484 1.2 2.2
Liver, 101 (2 ;.) 761323497 1.5 1.8

? The Serum or 9000 g liver supernatant, 200 (posc-mitochondrial
fraction) was wixed with appropriate amount of media and added
to vulrture wells, The equivalent amount of liver tissuc Is
shown in parcenchesis.

Mean*SE of 4 cultures,

S0£201 gpy
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Table 4
EFFECT OF DIFFERENT TREATMENTS ON MOUSE SERUM AND LIVER

SUPERNATANT ADDITION TO SPLENIC LYMPHOCYTE TRANSFORMATION
IN CULTURES™

Avent and Treatnent UPM(&QP Cuells PHA N
None 25190 4.0 6.6
Serum, untreated 1749 3.0 9.8
Heated Se¢rum 545! 2.9 5.7
Dialvzed Serum 6653 2! 3.6
Liver Supernatant, untreated L2y 2.7 1.2
Heated Liver Supernatant 1341 1.4 2.4
Dialyzed Liver Supernate 716 2,4 3.4
Microsomes from Liver 19540 1.7 3.7

a ., e - ot ,

The amount of different Tactors added to the cultures was, sarun

10 41, liver 2.5 up of tissue equivalent, and microsones obtajned
)

from liver recoustituted to represent 2.5 e of liver tissue.
All values are average of 5 cultures.
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Table 3

EFFECT OF ANTIGEN CHALLINGE ON SPLENTC LYMPHOCYTE
TRANSFORMATION TN CULTURES®Y

Stimulation Index bv

Group __oewsio® cents I PR
Control 6158634 1.7:0.2 5.1:0.4
Antigen Treated 1076422632 6.0:1.6 12,7:2.8
Control 2432+799 1.4+0.2 0.720.2
Antigen Treated 1173643584 8.1+4.8 6.5+2.9

The animials were injected subcutancousty with 0.02 ml of an
antigen mixture containing vqual amounts of tetanus toxvid and

Freund's complete adjuvant,

2 and 4 weeks before sacritie
culture preparation.

Mean and SE of 4 aaimals/groun, all
cultures conducted In triplicate,

o oand
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Table b

EVALUATION OF LYMPHOCYTE TRALSFORMATION THCHNLOUE

AFTIR IN VIVO EXPOSURE OF MICE TO DIFFERE

Chemicals Evaluated

Spoatanvous
Transforoation

NT OCHIMICALS

Mitosen Leduced
Transicrmation

TCDD (2,3,7,8-tetrachloro-
dibenzo-p-dioxin

Vinvl Chleride
Monomer

Styvrene

Thiodiglveolic Acid

Increased, not
dose related, more
pronounced after
sliort tinw
vxposures

Increase observed
Jepending on ex-
posure level and
time, ef fovt
declining atr later

times

NDoase and tine inde-

pendent increase
obavrvoed. ffect
not consistent

Stight increase,
dose related

Decreased stimulation
Indices with both PHA
amd WM, generally ac
high exposure levels

(1 ug/kp/week or more)

Increase seen both with
PRA and PWML. The effect
persisted throughout

an eight week exposure
period

Little effect seen with
both mitvgens

No voasistent effect after

two weeks ol exposurye

80£20L S®y




AFTER IN VITRO

EVALUATION QF LYMPHOCYTE TRANSFORMATION THCHNIQLT
) ENIC LYMPHICYTE CULTURES

Ay
ADDITION OF CHEMICALS 7O MOUSE SPL

S P'x‘."h.‘ red 1l

p-diosin decrease

Vinyl chloride monomer No cffeer Wo uffect
s . .12 . ; -3 C o
Thiodiglveolic acid Stirmulacion at 10 7N Stight increase
.o . .. . ..

‘ateine No ouftect No oeffest

L

N-acetylhydrosvethyl

N

Stvrene No effect No effegt
. .b ) , -6 . } ..
Styrene oxide Stimulation at 10, 7M and No erfvet
. . - . -t
inhibition ac 10 M oor

more

Reparted netabolictes of viayl chloride monomer (VCM).

Trans{ormation product of styrene in the body.
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LECENDS TO FIGLRES

Schematic representation of origin, difterentiaction and function

of different populations of lymphocytes,

Sugpested arrangements for arranging lvmphocvte cultures in
microplates: a, cultures run in triplicate; and b, cultures
in quadruplicate. 1n each case a total of 8§ sam tes can be
usuvd.  The last two rows in "a" can be used tor additional

sanples continuing in another microplate,

Thymidine uptake representing blaxt formation in lTymphocyvte
cultures from mouse spleen as a function of aue in growing
animals.  The Jdaia shown here has been taken from control
groups of two independent experinments.  In experiment shown
by solid circles (#), the male animals were housed in groups
of two cach and given a dosce of corn oil vnce a week, 1o the
other one, with crosses (N), the males were housed in groups
of [our and were kept in inhalation chambers starting at the
age of 32 davs.  Each point is an average of 4 animals, all

cultures ~:n in triplicate.




LYMPHOCYTE MFFERTNTIATION AND FUNCTION
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