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ABSTRACT

THYROID FUNCTION IN THE NEONATAL RAT

WITH NOTES ON HEART-RATE TEMPERATURE

RELATIONSHIPS

by Alex D. Beltz

Experiments to determine thyroid function Were con—

ducted with neonatal rats ranging in age from birth to twenty—

days of age. The direct output method was used for the

estimation of thyroid secretion rate (TSR). This method

involved output slope determinations, per cent dose uptake,

and direct measurement of thyroid iodine. The rats were

labeled with 1131 in two ways: (1) Intraperitoneal injection

of 15 microcuries into pregnant rats near term, and (2)

Single direct, subcutaneous injections of one microcurie

per infant.

It was found that the rat thyroid glands are function—

al at birth, but at a low level which persists until the

infant weighs about 20 gramso At this time, the TSR and

the thyroid iodine content abruptly increase as a straight—

line function of the log body weight° This continues, in

this manner, at least until a weight of 244 grams is reached

at an age of about sixty dayso

The existence of an iodine cycle between the mother

and infant rat was confirmed. Several litters of rats
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were labeled with 1131, by a single subcutaneous dose of

l microcurie per rat on the day of birth. At that time,

an untagged newborn infant was placed with the litters In

vivo counts were taken every forty~eight hours, and after
 

each count the foster litter mate was removed and another

untagged infant of the same age substituted. The counts

of the substitutes were compared with the counts of the

tagged litter mates,and it was found that approximately

9°35% of the average individual count was transferred to the

substituted rat every forty—eight hours from his tagged

litter mates through the mother's mammary gland. The

number in the litter, age of the rats, and body Weight,

did not affect the amount of I131 transferred to the

foster ratsu

Heart-rate temperature relationships were investi—

gated by placing one rat at a time in an immobilization

apparatus which held the rat immersed to the neck in a

water bath; The water was cooled by the addition of icea

Intraperitoneal temperatures, ambient temperatures, and

an ECG record were taken simultaneously with a Grass Polygraph.

It was found that the relation between the neonatal

rat heart rate and body temperature can be best described

by the Arrhanius equation within the limits of l6O - 300C.

The previously published data of six other investigators

were replotted by the author, and it was shown that the

heart rate of several species of animals (both poikilotherms

and homeotherms) conform to the Arrhenius equations It was
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also found that the age of the rat was inversely proportional

to survival if the heart was stopped by coldo Mass and

age did not influence the response of the heart to variations

in body temperature.

It is hypothesized that many more species of animals

may have similar heart—rate temperature relationships and

that some of the current concepts of the influence of

exercise on heart rate may have to be re—evaluated°
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INTRODUCTION

The newborn rat is known to have little control of

its body temperature. As it matures, it becomes more and

more able to regulate its body temperature against fluctua-

tions in the ambient temperature. This study was initiated

to determine the level of function of the neonatal thyroid

and whether any parallel exists between the development of

thyroid function and age.

Immobility of the test animals was required for

thyroid hormone output determinations, and was achieved

with the application of cold. Subsequently, it was observed

that complete immobility resulted from the treatment and

that the time required for quiescence increased with age.

These observations, and others, prompted a study of the

neonatal heart rate as it is related to temperature.

The literature on cooling as it affects the heart

rate, is quite extensive and no attempt will be made to

list every reference. The author sincerely hopes that the

selected lists of references will not, by omission, mis—

represent knOWn Work as it pertains to this study.

Under each of the major divisions of this paper there

will be tWO sections: one having to do with neonatal thyroid

function, and the other with temperature heart rate relation—

ships.
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SURVEY OF LITERATURE

Thyroid Function in the Neonatal Rat

The function of the neonatal rat thyroid has been,

as yet, relatively unexplored.

Jacobson _t al (1959) reported that the fetal thyroid

first concentrates iodine at the fourteenth to fifteenth

day of gestation in mice, whose gestational period is nine—

teen days. This concentrating ability precedes the formation

of follicles and colloid by more than one day. The fetal

thyroid gland of the rat shows functional differentiation

about the eighteenth day of gestation (Gorbman and Evans,

1943), and one—day-old rats have thyroid gland follicles,

colloid, mitotic figures, and colloid droplets in the

acinar cells (Phillips and Gordon, 1954). Later (1955) they

reported that the thyroid glands of two to four—day—old

rats, according to histological evidence after administration

of TSH and blood chromatograms, are capable of function.

In the fetal rabbit the first uptake of radioactive

iodine by the thyroid gland was detected at the fifteenth

day of gestation (Waterman and Gorbman, 1956) when the gland

itself was made up of epithelial cords and plates inter—

spersed with mesenchyme. At seventeen to eighteen days the

first follicles had appeared and indications of the formation
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of thyroxine and its precursors were found. At nineteen

days the precursors and thyroxine had reached adult levels.

However, it was not until twenty—one to twenty-two days

of gestation that the thyroid abruptly began to accumulate

increasing amounts of iodide. This level of activity con-

tinued until term. Sheep also seem to follow this pattern

with greater variation which is probably due to the longer

gestation time (Gorbman §t_§l, 1957, Wright and Sinclair,

1959)°

Pituitary—thyroid relationships in the rat were

studied by Phillips and Gordon (1954). They found that

significant quantities of thyrotropin (TSH) did not circu—

late in the blood until the eleventh to twelfth post-

natal day. They also noted a greater metamorphosis—stimu-

lating activity in the pituitaries of seven to nine—day—old

rats than in those of newborn rats, and that rats of four—

teen to fifteen days of age with open eyes had less pituitary

TSH than those of the same age whose eyes had not yet opened.

These findings Were associated with an obServed gradual

increase in rat thyroid cell heights from one to fifteen

days of age, with a sudden spurt when the eyes opened.

In their next report (1955), they stated that the pituitaries

of one to fifteen—day—old rats store relatively little TSH

but synthesize and release it at a fairly constant rate.

Hwang and Wells (1959) gave evidence that the hypophysis—

thyroid system begins to function by birth. They did this

by retarding the fetal thyroid with subcutaneous injections
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of thyroxine (T4) and triiodothyronine (T ), the combined

3

treatment of T and TSH in which the TSH prevents the usual
3

effects of T3, and hypophyseoprivia, whose effects are pre—

vented by injected TSH. Hypophyseoprivia was accomplished

by subtotal decapitation of near term feti which had been

surgically removed from the mother and decapitated with the

line of severance extending from approximately the external

occipital protruberance dorso—ventrally through the mouth

in a transverse plane. Fifteen feti survived this hypophysis

deprivation for 40 - 77 hours. After the experiment was

over the vasculature of the thyroid glands was examined

and found to be intact. Myant (1963) also believes that the

servo mechanism of thyroid—pituitary control acts during

fetal life. Feldman (1960) presumed that the neonatal rat

thyroid was responsive to TSH after noting hyperactive

thyroids in newborn pups from thyroidectomized dams. In

intact dams, he found that exogenous TSH either did not

traverse the placenta or did so to a very slight degree.

His reasons for this view Were that the injected TSH was a

foreign protein and, therefore, might have been rejected

by the animal, and secondly, that TSH has a very brief half—

1ife and with tWO injections per day, might have been

eliminated too rapidly to affect the fetal thyroid. In

vitro studies with incubated fetal and newborn rat thyroid

glands, showed a much greater response to thyrotropin (TSH)

than did the thyroid glands of adult rats (Nataf and Chaikoff,

1964).
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The passage of thyroxine and triiodothyronine from

the mother to the fetus in rabbits was reported by Myant

(1958), and in rats by Hamburgh et a1, (1962). Myant (1963)

states that the maternal thyroid hormone can readily cross

the placenta in the later stages of pregnancy.

The function of the thyroid hormones in the fetal

development of mammals has yet to be fully explored.

Gorbman (1958) states that it must be assumed that if the

usual principles of evolutionary adaptation and selection

operated in the phylogeny of the vertebrate thyroid system,

then an important use or value of the system must have

existed, and in fact still exists. Myant (1963) suggests

that the thyroid hormone is probably required during fetal

life for the normal development of some tissues whOSe earlier

development from anlage is independent of it. This, he

states, is why thyroid deficiency has a more marked effect

in those species in which the young are born in a relatively

mature state. Hamburgh gt a1, (1964) worked on the thyroid

hormone requirements of the rat for normal maturation. He

divided the experimental animals into several groups:

(1) Hypothyroid neonatal rats were prepared by giving the

mothers goitrogen (phenyl-thio—uracil or PTU) on the fifteenth

day of gestation and continuing the treatment for three to

four weeks postparturition, (2) Hyperthyroid neonatal rats

Were produced by daily injections of 1—thyroxine (T4). The

daily dosages which Were given varied with the age of the rat.

Newborn rats were given one microgram T4 per day. The dosage
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was increased gradually until three micrograms T4 were

given to rats twenty—one days and older. This amount was

established as the maximum non—lethal dose, (3) Control

neonatal rats were injected with normal saline in the amount

given with thyroxine to the experimental animals. He found

that thyroxine was needed for the normal development of

cerebral and cerebellar cortical tissue and the thermo—

regulatory mechanism, as well as conditioning and behavior.

It is commonly believed that the thyroid gland is

hyperactive during fetal and neonatal life, and many investi—

gators have reported this (Review by Waterman, 1958).

Gorbman (1952) published data which showed high 1131 uptake

by the thyroid gland of the bovine fetus near term. For

this experiment, he injected Il3l into two near—term pregnant

cows and sacrificed them twenty—four hours later. The

distribution of I131 was determined in thyroids, blood

serum, and various organs of the adult and fetal animals.

The blood Sera of the feti contained only slightly more

radioactivity than those of the cows, and in both cows and

their feti, this was in the form of iodide, with a small

Fetal thyroids, on the other

131

amount of thyroxine (T4).

hand, had a concentration of I 6 to 7 times greater per

unit weight than did those of the mothers. Histologically,

the maternal thyroids appeared much less active than those

of the feti. These findings were confirmed in mice by

Jacobson and Brent (1959). Van Middlesworth (1954), with

data from seven newborn human infants which had received
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1 microcurie of 1131 came to the same conclusion as had

Gorbman with bovine feti. He made lg vivo counts of the
 

thyroid glands 24 hours after injection. With the corrections

for 1131 decay, he obtained a release slope (K), and by

extrapolating this release slope line to Zero time, he

obtained a total theoretical per cent dose uptake by the

thyroid glands. Fisher and Oddie (1964) observed a rela—

tively high rate of thyroidal radioiodine clearance in the

newborn infant during the "first hour of life,“ and Specu-

lated that this may be related to a relatively high intra-

uterine hormone secretion rate. Marks gg _1 (1960) found

that the PBI values of human infants rose from birth to day

4 or 5, then slowly fell during the first year of life to

levels normal for older children and adults. They found

that these values are not merely the result of increased

thyroid binding globulin (TBG). Slebodzinski (1965) also

reported neonatal hyperactivity of the thyroid gland in

seven—day—old pigs. He based his conclusions on the turn-

over rates of labeled thyroxine in the serum of these animals.

It was found that one hour after intraperitoneal injection

of I131

into pregnant rats, the fetal thyroid contained

more thyroxine and triiodothyronine per mg. than the

maternal thyroid gland (Waterman, 1958). Myant (1963),

however, states that in the fetal rat the thyroid hormone

turnover is much slower than in the adult animal.

Most of the studies with neonatal thyroid glands

have been based on radioactive iodine uptake rates, protein—
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bound iodine (PBI) values, and injected 1131 thyroxine

turnover rates. Values which consider only one phase of

the functioning thyroid gland are open to question because

of the assumptions that have to be made. These assumptions

do not take into account sudden increase or decrease in

activity of the iodine trapping mechanisms, inhibition of

release by various exogenous.and endogenous factors, or other

factors such as the apparently reduced ability of some

immature rat kidneys to excrete iodine at an adult rate.

This would account for the high 1131 uptake by the thyroid

gland with high serum iodide as well as high thyroid iodine

values (Samel and Caputa, 1965)° This may explain the

findings of Gorbman (1952) in the bovine feti, and in mice

by Jacobson and Brent (1959). The release slopes (K) of

Van MiddleSWOrth (1954), because of insufficient correction

factors in determination of the output slope, are open to

question, as are all his assumptions based on only one type

of measurement.

In the experiments reported herein, the function

of the neonatal thyroid will be shown by application of the

direct output method (worked out by Reineke, and reported

by Bhatnagar, 1963). This method includes the combination

of a number of measurements for the determination of TSR.

I131
They are: (1) per cent dose uptake, (2) release

Slope (K4 and K corrected for decay, and (3) total thyroid4)

iodine determination. With a combination of theSe factors an

estimate of TSR can be made in terms of the actual amount

Of thyroid hormone secreted daily.
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Temperature Heart Relationships

The term "poikilothermic' has been applied, many

times, to the neonatal rat. Gulick (1937), however, reported

that metabolic studies did not support this concept but he

did admit that, all things taken into consideration, the

neonatal rat is "essentially poikilothermic." Several

other investigators concurred in this View (Brody, 1943;

Hill, 1947). Poczopko (1961), however, reported that the

temperatures of even one—day—old rats, at low ambient temper-

atures (250— 300C), were higher than those of the environment,

and at ambient temperatures of 350C, the body temperatures

of the infant rats were I“’at most” equal to the environment.

These data show the existence of body temperature control

by the infant rat even though it is of a low order. Poczopko

adds that human infants also exhibit a variable body temper—

ature and he suggests that such neonatal individuals be termed

heterothermic to indicate incomplete temperature control

early in life.

The first investigator to work with temperature and

heart rates was Hall (1832). Hamilton _g,_; (1937) measured

heart rates as related to rectal temperatures of restrained

kittens and adult rats in an ice box with ambient temperature

conditions of 350— 42oF. He reported a linear relationship

between heart rate and rectal temperature. Fairfield (1948),

on the other hand, showed that intraperitoneal temperatures

Should be taken in order to more closely approximate "core

temperature." She worked with neonatal rats of zero to
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10

seventeen days of age and found much variability in indivi—

dual susceptibility to cold. She also found that heart

rates Were lower in the younger as compared with older infants,

and that newborn rats recover from body temperatures of 7°C

or lower while adult rats seldom recover from temperatures

loWer than 140— 160C. Adult rat heart rates in relation to

loWered colonic temperatures were reported by Adolph (1950).

His temperature heart—rate curve Was similar to that plotted

by Fairfield, as are the curves of many other investigators

(Hannon, 1958; Lipp and Folk, 1960; Baker and Horvath,

1964). Richards g3 g1 (1953) reported heart rates in relation

to rectal temperatures of newborn mice. The ECG recordings

were taken of three litter mates from birth to twenty—days-

old, and showed a marked increase of heart rate at the age

of six to seven days as the animals developed hair.

Bidrek and Johansson (1955) Worked with dogs, hedgehogs,

South African frogs, and fish using rectal temperatures for

the homeotherms, cloacal temperatures for the frogs, and

water temperatures for the fish. Three of the curves plotted

(dogs, frogs, and fish) Were similar in shape to those of

Adolph and the other Workers cited earlier. Spontaneous

activities of isolated auricles of hedgehogs, hamsters, and

rats were reported by Hirvonen (1955). He stated that the

auricles of hibernating mammals stopped beating at 1.50—

6OC while the nonhibernator heart beat ceased at 160 — 1800.

The rate of the hamster auricle was reported as a linear

logarithmic function of the temperature. The rabbit and rat
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11

auricle did not fit the same pattern. This was taken by

others (Lyman and Blinks, 1959) to mean that the rabbit and

rat auricle did not follow the Arrhenius equation. However,

even the hamster data were not plotted according to the con—

ventional Arrhenius Method. Nardone (1955b) reported a

step—wise decrease in heart rate with a decrease in the

colonic temperatures of the opossum. He stated, in addition,

that if the mean heart rates are plotted against mean colonic

temperatures a straight-line relationship is obtained. The

effect of cold on the isolated as well as the intact heart

of the rabbit was examined by Covino and Beavers (1958)

using rectal temperatures for the intact rabbit. Both of

the resulting curves resembled those of Adolph. Hannon

(1958) found that the effect of anesthesia on the heart

rate of the rat was quite significant. Rectal temperatures

Were taken and it was found that rats with less anesthesia

showed a higher heart rate at all temperatures ranging dOWn

to a rectal temperature of 1800 where the heart rate dropped

more abruptly than in the deeply anesthesized subjects.

Bullard (1959) agreed with the results of Hamilton et al,

but pointed out that a true linear relationship betWeen

heart rate and temperature could not be established since

colonic instead of heart temperatures Were measured. Studies

on iSOlated hearts of hibernators and nonhibernators were

done by Lyman and Blinks (1959). They stated that of the

seven species studied (Sciurus carolinensis—grey squirrel,

Sigmodon hispidus—cotton rat, Aplodontia rufa—mountain beaver,
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Mescoricetus auratus—golden hamster, Citellus tridecimlineatus—

thirteen—lined ground squirrel, Tamius striatus—chipmunk,

and Marmota monax—woodchuck), none fit the Arrhenius equation
 

over the entire temperature range. However, actual data were

not presented. The graph showing the heart rate temperature

relationships for hamsters in the above group of animals

did not agree with that of Hirvonen (1955) in that no linear

relationship was found when the logarithm of heart beat was

plotted against temperature. Lipp and Folk (1960) Worked

with hamsters, white rats, and thirteen—lined ground squirrels

which were restrained and put into a cold box. They found

that hibernators recovered from body temperatures which

killed nonhibernators. Heart rate and rectal temperature

relationships in swimming adult rats Were determined by

Baker and Horvath (1964) who reported curves which agreed

with Adolph. Dahlen (1964) found that with cold, the cat

heart rate decreased in a linear fashion. In these experi-

ments the body temperature was taken from a thermistor placed

in the eSOphagus at the level of the heart. The linearity

of this decrease was measured from 350 to 200C, and the

heart beat was reduced from one—hundred and seventy—five

per minute to thirty—eight per minute. The heart rates of

iSQlated bat hearts was found to be a function of temper—

ature in both summer and winter animals, and, in general,

agreed with thOSe of isolated hearts of several species of

hibernators as reported by Michael and Menaker (1963). The

bat heart rate temperature curves fit the Arrhenius equation  —
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over the entire temperature range of the study (-l.OOC —

—250C), and can be described by a Q10 of 3.5. Hutton

at a1 (1960) reported a temperature heart rate relationship

in the turtle (Pseudemys scripta) which, when plotted arith-

metically against temperature, is similar to that previously

plotted for rats and several animals. Ldfgren et a1

(1960) concerned themselves with times to cardiac arrest

as well as heart rates under conditions of extreme cold

and reheating. Heart rates were stated in relation to the

time in minutes the animals (rat, frog, and toad) Were sub—

jected to different ambient temperatures. Rat hearts were

digested with trypsin and single beating cells were isolated

and cultured by Harary and Farley (1960). These cells

elaborated protoplasmic extensions which, when they contacted

other heart cells, synchronized the beat. These cells had

a Q of about three.

10

The control of the rat neonatal heart beat is said

by Wekstein (1965) to be divided into two periods: (1) the

first three days of life when the heart rate is independent

of sympathetic nervous system activity, and (2) days six

to sixteen “when the observed increase in heart rate appears

to be a function of the level of activity of the sympathetic

nervous system.“ This is in agreement with the conclusions

reached by Alimukhamedov (1962) about the phases of thermo-

regulation development in young rodents. In this Work he

states that during the first days of post natal development

thermoregulation is accomplished by muscle action with later

development of chemical thermoregulation.
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Production of the impulse and its conduction over

the heart is not well understood. Hollander and Webb (1955)

state that the duration of the action potential depends

primarily on the rate of repolarization and thus on the rate

of ion transport through the membrane. Hecht (1965) has

stated that the self—excitation of pacemaker tissues is

linked to changes in membrane currents depending on voltage

and time, and that threshold, resting potential, and diastolic

depolarization interact in controlling automaticity of cardiac

fibers. Van Harreveld and Christensen (1957) report that

cold apparently reduces nerve metabolism so that the ionic

diffusion gradient cannot be maintained. Deleze (1960)

says that on rapid heating of Purkinje fibers after cold

exposure there is a rapid rise in their potential with no

time lag. He also reports that temperature sensitivity is

not abolished by sodium-free solutions, and that the drop

of potential at a body temperature below 200C cannot be

accounted for by extracellular potassium accumulation or an

increase of inward sodium current.
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MATERIALS AND METHODS

Thyroid Function of the Neonatal Rat

The rats used Were all of CarWOrth CFN strain and

were bred in this laboratory.

A11 injections of infant rats were given with a one

ml Tuberculin syringe through a 1/2 inch twenty—seven gauge

needle inserted at the base of the tail and pushed through

the musculature of the hind leg, emerging subcutaneously on

the outer thigh. Injections were of 0.1 m1 volume and raised

a small bleb on the outer surface of the skin. With this

technique there was very little loss of injected material

through the puncture wound.

In these experiments I131 was administered in two

ways: subcutaneous injection of the infants with one micro—

curie carrier—free 1131, and (2) intraperitoneal injection

of fifteen microcuries of carrier—free 1131 into pregnant

rats one or two days before parturition. Since 1131 uptake

by the thyroid gland took place in the infants at an

extremely slow rate (in relation to adult uptake rates),

the method No. 2 was used to determine the thyroid 1131

turnover rates in young rats of one to ten days of age.

On the day of birth, the young of tagged mothers were trans—

ferred to untagged lactating rats.

15  _g
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inch NaI crystal, was attached to a transistorized scaler-

analyzer (Nuclear-Chicago, Model 8725). Connected to the

sealer—analyzer was a count rate meter (Nuclear—Chicago,

Model 1620 CS) which was used to determine the optimal

counting geometry before recording the count for each rat

on the scaler. The scintillation probe was mounted be—

neath an aperature 19 mm in diameter for infant rats, and

25 mm diameter for thirty- and sixty—day—old rats, located

four inches from the end of a lead plate 2.5 cm x 38 cm x

35 cm.

The in vivo counts Were td<en by centering the thyroid 

region over the hole in the lead plate, adjusting the position

of the rat for maximum count as seen on the count rate meter.

Body background counts were taken over the epigastric region.

Standards were made up with dosages ten per cent of those

given the experimental animals. The counts thus taken were

corrected for physical decay as Well as environmental and

body background with the formula established by Wolff (1951).

y g ' ' g 100. b k r und + enViron. back rnd X
Therid counts - (bOd ac O 2 )

% Inj. Dose = (Standard counts — Environmental background) X 10

The per cent dose was then plotted on tw0 cycle semi—

1og graph paper, and the line of best fit was drawn by

inspection. The daily thyroid iodine output rates were cal—

culated from the line of best fit on the semi-log graph in
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the following manner:

0.693

Tl/2(days)

 

a° = K (the semi-log constant for the line)

b. K is converted to e_X from a table of negative

exponential functions.

. _ _ -x
c. K4 — 1 e

d. U = maximal per cent uptake of the injected Il3l

dose by the thyroid. This is estimated from a

line extrapolated to zero time on the semi-

 

1og graph.

Kl

_ 4
e. Then K4 — 1 f U

f. K = daily output rate of thyroidal iodine
4

The thyroid secretion rates for neonatal rats were

determined by the direct output method (Worked out by Reineke,

cited by Bhatnagar, 1963). After daily thyroid iodine turn—

over rate (K4) has been established, each rat is killed,

the body weight taken, and the thyroid gland removed and

weighed. The glands are then placed in Dietrich"s solution

until they can be analyzed for total iodine content.

Total thyroid iodine determinations were made by a

procedure modified from the method of Barker gt a; (1951) for

blood plasma PBI. The chemical reaction for this method was

taken from work done by Sandell and Kolthoff (1937).

++++ ‘ ._———;£;——%> +++ + A 0‘ + 2 H+2 Ce = H2AsO3 + H20 (catalysis 2 Ce H2 5 4

(yellow) (colorless)

Iodine catalyzes the reduction of cerium causing decolori-

zation of the solution. If time and temperature are constant,

the extent of declolorization measures the quantity of iodine

present.
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The gland from each rat was placed in a pyrex 25 x

100 mm tube with one m1 of 4 N sodium carbonate. The tube

and its contents Were dried in an oven at 900 to 95°C

overnight. The next day the tube and its dried contents

were incinerated for two to three hours at 6250 to 6500C in

an electric muffle furnace equipped with a pyrometer ranging

up to llOOOC. After the tubes Were removed and cooled, tw0

ml of 2 N HCl, two m1 of 7 N H SO
2 4’

tilled water were added to the ash. The contents of the

and 6 m1 of glass dis—

tube were mixed well and centrifuged for twenty minutes

at 2000 RPM (International Centrifuge, Model UV, Head 240).

For infant rat thyroids, tw0 duplicates were made with 2 and

4 m1 of the supernatent Solution from each tube. Each of

the duplicates was made up to 5 ml with glass distilled

water. To each tube was added 0.5 m1 of arsenious acid

solution with a blow—out pipette. The tube was then placed

in a warming bath. The temperature of the water bath and

incubation time varied with the age of the rats from which

the thyroids were taken. For example, for one—day—old rats

20 minutes at 500C and for ten-day—old rats 15 minutes at

270C Were used. After a fifteen minute warming period,

0.5 m1 of Ceric ammonium sulfate was added. At the end of

the given time period, 0.5 ml of a 0.1% Solution of Brucine

was added to each tube to stop the reaction. The tubes

were removed from the water bath and read directly on a

Coleman Universal Spectrophotometer (Model 11, with a PC—4

blue filter) at a wave length of 480 millimicrons. The  
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instrument was set for 100% transmittance with distilled

water. In each age group, two reagent blanks were prepared

as described above excepting the thyroid tissue. The values

for the reagent blanks Were subtracted from the readings of

the standards and unknOWns. The concentrations of iodine in

each of the tubes were read directly from the standard iodide

curves prepared under identical conditions and which had

been plotted on arithmetic graph paper.

To calculate the daily thyroid secretion rate in

thyroxine (T4) equivalents, the output rate (K4) was multi-

plied by the total iodine content of the gland. The result

is the micrograms of hormonal iodine secreted by the rat

each day. Conversion of this value involved calculations

worked out by Reineke, and cited by Bhatnagar (1963).

Multiplying the micrograms of daily iodine secretion by 1.529

will give thyroxine equivalents. HOWever, the gland also

Secretes triiodothyronine (T3) which has been determined in

this laboratory as being 4.85 times as potent per unit of

iodine as T in suppressing TSH release in the rat. The rat
4

thyroid contains 6 parts of T4 to 1 part T3 iodine (Pitt-

Rivers and Rall, 1961). Then the relative potency of the

released compounds are calculated in relation to the amounts

secreted as follows:

  

T4 T3 Totals

Parts 6.00 1.00 7.00

Potency 1.00 4.85

6.00 4.85 10.85  
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To adjust the T4 equivalents in proportion to the relative

potencies of the tWO compounds assumed to be released (T4

10.85

7

The values then are combined in the equation below:

= 1.55. and T3), the factor Which is used is

1.529 x 1.55 x Thyroid iodine content = ug daily of secreted T4

This will express the total hormonal effect in terms of T4

activity.

The aSSumptions of this method are: (1) that the

iodinated compounds in the thyroid are uniformly labeled

with I131, and (2) that all the iodine released from the

thyroid is in the form of thyroxine (T4) or triiodothyronine

T3), and (3) that these two compounds are released in the

same proportions in which they occur in the thyroid.

Experiments were conducted to determine the iodine

cycle between mothers and infants. It is knOWn that

micturition of the very young infant is controlled by the

mother who, at regular intervals, voids the young by stimu-

lation of the perineal region with her tongue (Capek and

Jelinek, 1956). The mother, while stimulating the perineum

of her young also ingests at least some of the urine (Samel

and Caputa, 1965). In this way, iodine is cycled from the

infant to the mother and partitioned between the mother's

thyroid and mammary glands. Thence, by way of the milk, a

portion of the iodine is given back to the infant. Young

rats nurse about every hour. Therefore, every hour, the

iodine coming into the infant would slightly increase the

Specific activity of the thyroid iodine, and concomittantly,  
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reduce the output slope (K4). The direct output method

would then underestimate the daily thyroid secretion rate.

HOWever, the infants nurse throughout the experimental period

so that any estimate of the thyroid secretion rate by this

method Would vary by a fairly constant amount from one

experiment to another.

Forty—five rats in several litters Were injected

subcutaneously with one microcurie of 1131. On the day of

injection, a nonradioactive infant of the same age was added

to each tagged litter. The litters, with the substituted

young, were then counted every other day as heretofore

described. After each count, the Substituted rat was killed

and another of the same age put in its place. Fifteen

infants Were examined in this way to determine the approximate

magnitude of the iodide cycle between the infant and mother.

Heart—Rate Tempeature Relationships

Seventy—two neonatal rats were used in this study,

ranging in age from one-day to twenty—days. The subjects

were placed in an apparatus devised by the author (see

diagram, Appendix:p.48) and gradually cooled in a water bath

until the heart stopped. The data Were recorded simulateously

on three channels of a Grass Model Five Polygraph (Grass

Medical Instrument Company, Quincy, Mass.). Two of the

recording needles traced the ambient and intraperitoneal

temperatures and the third recorded the ECG. All three

channels had Grass Model Five Driver Amplifiers. Temperatures
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Were taken by two thermistors: a general purpose flexible

probe (No. 8430 Cole—Parmer Instrument and Equipment Company,

Chicago, Illinois), and a Semi—solid Insertion Thermistor

with Pointed Tip (No. 8481 Cole—Parmer Instrument Co. 20

gauge). The general purpose thermistor took the ambient

temperature being placed next to, but not touching, the

experimental animal. The pointed—tip thermistor took the

intraperitoneal readings. Each thermistor was attached to

a Tele-thermometer (Yellow Springs Instrument Co., Inc.

Model 8400 Cole-Parmer Instrument and Equipment Co.) and

these, in turn, were attached to Model 5 P 1 Low Level

Preamplifiers of the Grass Polygraph. ECG recordings were

made with a subcutaneous needle electrode at the back of

the head, and a second lead connected with an alligator clip

to the distal end of the intraperitoneal thermistor probe.

The abovementioned leads were connected to an ECG cable

which led to a Model 5 P 5 EEG Preamplifier in the Polygraph.

The EEG Preamplifier Was found necessary to produce tracings

of sufficient amplitude to be counted.
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DATA

Thyroid Function<1fthe Neonatal Rat

The raw data were plotted Several different ways

and it was found that weight is related more clearly to thyroid

iodine and daily thyroid secretion rate than to age. The

equations for the lines on both the graph for daily thyroid

secretion rate with weight, and the graph for total thyroid

iodine and weight are shown in Figures 1 and 2, respectively.

Thyroxine secretion, in terms of micrograms T4

Secreted per day Was plotted against body Weight in gm, as

Shown in Figure 1. Slope I represents daily thyroxine

secretion rate (TSR) for infant rats weighing up to 22 gm.

There is a TSR for these rats although it is of a very low

order, and it continues at the same level until the infant

reaches a weight of 22 grams. At this time there is an

abrupt and continuous increase in the TSR extending to the

conclusion of the experiment. It will be noted that the

coefficient of correlation (r) for slope I is 0.479 which

is not significant at the 5% level. Slope II has a co—

efficient of correlation (r) of 0.9586 which is at the 1%

level.

Figure 2 shows total micrograms of thyroid iodine

in compariSQn With grams body Weight. Slope I represents

the total thyroid iodine of neonatal rats Weighing up to

23
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22 gm. It must be pointed out that, although there is a

functional thyroid gland in the very young rats of Group I,

the level of function is quite low. When the rat reaches 22

gm, there is a marked increase in the amount of iodine

contained by the thyroids of Groups II, III, and IV.

Slope II, which shows this increase, is again a straight—

line function throughout the remaining time of the experiment.

The coefficient of correlation (r) for slope I is 0.0983

which is not significant at the 5% level,while r for slope II

is 0.7624 which is significant at the 1% level.

The equation for the lines of regression plotted in

Figuresl and 2 were determined with formulae shown in the

Appendix, p. 47. The non parametric Corner Test of Association

was applied to the data to find if other trends existed.

The TSR, plotted against age was found to be non—significant

at the 10% level, as were age and weight, and both age and

Weight relationships to slope (K4). However, the thyroid

iodine content and age values were significantly correlated

at the 0.1% level. Since age and TSR were not significantly

related, weight relationships for both TSR and iodine content

were used.

Table l was arranged in an ascending order of rat

Weight, and arbitrarily divided into four groups for com-

parative purposes. Group I represents data from rats

'

k

Weighing up to 20 gm, with a mean Weight of 14.08 gm i 0.039

gm. Rats in Group II weighed 20-32 gms With a mean of

27.41 + 0.414 gm. Rats in Group III weighed 60—70 gm with

*Standard error of the mean.
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a mean value of 63.98 i 1.84 gm, and rats in Group IV

Weighed 152.4 — 244 gm with a mean of 186.95 i 12.36 gm.

The U values of Table 1 represent the theoretical

total maximum Il3l uptake and are taken from the true out-

put slope line (on the per cent dOSe graph) extrapolated to

zero time. There are no U values for Group I since all

rats in this group gained their radioactive iodine from a

preparturition injection of their mothers. After birth,

these animals were transferred to a nonradioactive lactating

rat. Group II values are from .62 —3.0%, having a mean value

of 1-544 i 0.72%, Group III U values range between 2.2 and

3.3%with a mean of 3.044_:0.l72%. Group IV values vary

between6.42nui9~8%with a mean of7.43 i 0.39%.

The ”time to maximum uptake" is the length of time,

after injection, at which the thyroid count reaches its

highest point. Group I again can have no values in this

category for the following reasons: (1) fetal proximity

. . 131 . . .

to the needle used for the intraperitoneal I injection

. . . 131

varied greatly, (2) the unknOWn partitioning of the I

from the blood stream between the developing mammary gland,

thyroid, and feti. Group II times for maximal uptake varied

between four and six days, with a mean of 4.25 i 0.11 days.

All of the animals in Group III and IV had maximal uptake

in tWo days.

requir

lation). Therefore, Ki values Which are similar to, but not
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identical with K4 estimations, had to be used to calculate

the daily secretion of thyroxine (T4) equivalents.

In Table 2 are the results of the mother—infant

iodine cycle experiment. The individual variation is quite

large but is approximately the same as the individual varia—

tion in all of the neonatal thyroid studies. The mean value

of the iodine transferred from the radioactive litter via

the foster mother to the untagged, substituted infant is

about 9.36 i 0.20%, of the mean thyroid count of the litter

mates. This means that 9.36% of the thyroid count of a single

rat in the litter was transferred, in a forty—eight hour

period, to the substituted, untagged infant through the

mammary gland of the foster mother. Inasmuch as the mother

had not been given 1131, it is clear that the radioactivity

was obtained by ingestion of urine of the tagged infants

by the untagged mother, Who cycles it through her milk,

which, in turn, is ingested by the untagged infant. This

is consistent with data obtained by Samel and Caputa (1965).

Neonatal age, weight, and the number in the litter apparently

have no effect on the amount of iodine received by each

infant.

The average 1131 counts in the thyroids of the

injected litters were compared with the counts obtained

from the thyroids of the substituted, untagged young which

had been with the litter for forty—eight hours. Even though

the counts from the substituted young were of a lower order,

they paralleled those of the average litter count. That is
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to say, the thyroid counts of the rats that were substituted

in succession maintained the same slope as the average counts

of the 1131 injected litter with which they had been asso—

ciated for forty—eight hours.

Heart—Rate Temperature Relationships

The relationship between the intraperitoneal temper—

ature and heart rate of infant rats used in this study is

shOWn on Figure 3. It will be noted that this illustration

is an Arrhenius plot in which the logarithm of the heart

rate is plotted against the reciprocal of the intraperitoneal

absolute temperature multiplied by one thousand.

The Arrhenius equation is named after the originator

who, in 1889, proposed it as an explanation for the acceler—

ation in the rate of thermochemical reactions with a rise

in temperature. For the equation to be valid a straight

line must result when the logarithm of activity is plotted

against the reciprocal of the absolute temperature. From

this line one can compare the rate of activity at a given

temperature to the rate at a temperature 100C lower. This

ratio is called the temperature coefficient, and is designated

Q Two limits to the Arrhenius plot in this experiment
10'

must be noted: (1) a loWer limit of 289 K (160C) below

which the heart approaches a complete cessation of the beat

as a result of cold, and (2) an upper limit of 312 K (290C)

above which the heart rapidly approaches its upper rate

limit.  
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The raW data were plotted in several different ways:  (1) Arithmetic, (2) Log—linear, (3) Log—Log, and (4) the

Arrhenius equation where the logarithm of the beat was

plotted against the reciprocal of the absolute temperature

x 1030 The only Way in which a straight—line relationship

was obtained, was by application of the Arrhenius plot.

In this experiment the Q10 of the neonatal heart

was found to be 3.05. Age and weight of the experimental

animals had no influence on the reduction of the heart

rate in response to cooling.

For this reason an attempt was made to recalculate

pertinent published experiments to determine whether or not

the results agree with those of the present work. The data

of six investigators were replotted in accordance With re-

quisites for the Arrhenius equation, Appendix p. 49.

As cited from the review of literature, numerous

investigators have reported relationships betWeen heart

rate and temperature. In only two cases, Were the temperature

and heart rate data described by the Arrhenius equation

(Michael and Menaker, 1963,and Harary and Farley, 1960).

In another case (Lyman and Blinks, 1959), there seemed to

be some confusion as to the criteria for an Arrhenius plot.

It was noted that all of the infant rat hearts

stopped between 11.50 and 160C, and that the period of time

the hearts could remain stopped, with survival after re—

warming, was inverSely proportional to the age of the rat.

Rats between seventeen and twenty days of age did not survive  
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for longer than one hour after rewarming if the heart stopped

completely. This was attributed to CNS damage since the

rats Were quite uncoordinated and exhibited primitive swim-

ming motions in their attempts at locomotion.
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DISCUSSION

Thyroid Function of the Neonatal Rat

The ages of the rats in this experiment were highly

variable in relation to their weights. Group I represented

rats from the day of birth to between the ninth to twelfth

post natal day. Group II ranged in age from nine to nine-

teen days, Group III were tWenty—nine day males, and Group

IV rats were males which were sixty—days old.

It was noted that 1131 injections of pregnant rats

must be made Within three days of parturition or they Were

not effective in labeling the fetal thyroids. This is con-

sistent with published tables which state that the fetal

thyroid gland becomes functional for both iodide uptake

and hormonal release on the eighteenth to nineteenth day of

gestation (Gorbman, 1958).

As is shOWn in Figure 1, the TSR of neonatal rats

is quite low until the rat weighs approximately 22 gm. At

this time, it is abruptly increased. This increase con-

tinues as a straight—line function of log weight, at least

until the rat weighs about 250 gm and is about sixty days

of age. Figure 2 shows that the neonatal rat thyroid con—

tains relatively little iodine until the rat weighs about

22 gm. It then increases its iodine content as a straight—

line function of log Weight for the remainder of the

33
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experimental period. It would be interesting to determine

the physiological mechanisms that trigger these sudden

changes.

The I131 per cent dose uptake (U) for newborn rats

could not be measured since they obtained their I131 from

a preparturition injection of the mother. The times of

uptake for these rats are quite variable. This is probably

due to the undigested milk from their first feeding after

birth and before they could be transferred to an untagged

lactating rat. The degree of individual variability is

probably due to the time of birth in relation to the time

of transferral.

The times to maximal 1131 uptake by infants which

Were injected on the day of birth varied from four to six

days with most of them reaching maximum uptake in five days.

For Group II, however, the maximal uptake took four days

and had values of seven to nineteen per cent. This is the

point at which thyroid iodine uptake by the gland, as well

as hormone release, is greatly accelerated.

It is of interest to note that the release rates

as represented by the K5 and K4 values are approximately

the same for all groups when each group is considered by

itself. Apparently, the rat, as it attains mass and surface

area, increases the total amount of iodine in the gland,

thereby increasing its secretion of thyroid hormone with

little or no change in output rate. This is one reason for

the utilization of the direct output method to determine the
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neonatal TSR, since there is a direct determination of total

thyroid iodine as a part of the procedure. As has been

shOWn by the data, neonatal rats, upon reaching a body

weight of 22 gm abruptly alter their iodide trapping mechanism

and there is no way, other than a total thyroidal iodine

determination, to discover when this phenomenon occurs.

It has been mentioned in the literature survey

(Gorbman, 1952) that there is an increased 1131 uptake by

the bovine fetus near term. Marks at al (1960), states

that the PBI of newborn infants rose from birth to day 4

or 5 and then slowly fell over the first year of life to

levels normal for older children and adults. Neonatal pigs

have alSO been reported to have high neonatal thyroid acti—

vities on the basis of injected thyroxine Il3l degradation

values (Slebodzinski, 1965). On the other hand, Myant

(1963) states that the fetal rat thyroid turnover is much

slower than that of the adult animal. The present experi—

ments show that this is also the situation in rats weighing

up to twenty—tWo grams. The rat, at birth, is less mature

than other animals on which Work has been done (bovine,

swine, and human infants). It can be speculated that the

thyroid secretion of the fetal and very young neonatal rat,

even though small, has a definite purpose. It is knOWn

that the thyroid hormone is specifically responsible for the

differentiation of cerebellar and cerebral cortical tissue,

the development of the thermoregulatory mechanism, and con—

ditioning behavior (Hamburgh, 1964). It has been stated
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that, in rats of eight to ten days of age, chemical thermo—

regulation augments the muscular movements which up to that

time served as the sole mechanism of thermoregulation

(Alimukhamedov, 1962). If the thyroid secretion is concerned

in the development of this chemical thermoregulating mechanism,

then the data of these experiments lend weight to this hypo—

thesis.

The iodine cycle between the infant, mother, and

back to the infant has an effect on the determination of TSR

of the infant. Iodine in the mother“s milk acts to reduce

the infant thyroidal release rate. Since the infant nurses

continually, this flattens the output slope and gives

an underestimation of K“ and K4 values, with a corresponding
4

underestimation of TSR With the direct output method. How—  
ever, since the Group I and Group II rats nursed throughout

the experimental period, this value would be constant for

different age and weight groups and comparative secretion

rates could be, and were, determined.

An attempt was made to apply the substitution method

Reineke and Singh, 1955) for neonatal TSR determination but

consistent data were not obtained. Whether this was due

to a low level of function of the hypothalamo—pituitary—

thyroid axis or a lack of sufficiently sensitive experimental

technique cannot be stated.

Heart Rate Temperature Relationships

The individual rats in this study shoWed much varia—

tion in the reduction of heart rate as the body cooled. This

¥h
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is in agreement with the Work of Fairfield (1948), Adolph

(1950), Lipp and Folk (1960), and Baker and Horvath (1964).

The heart rate of the neonatal rat to twenty-days

of age conforms to the Arrhenius equation within temperature

limits of 160 - 300C. The data of six original investigators

was replotted by this author to show heart rate temperature

conformity, by both poikilotherms and homeotherms, with the

Arrhenius equation. Possibly many more examples may be

found that have this temperature—heart relationship. The

correlation betWeen the points on the graphs and the line

drawn through them is admittedly not the best. It is very

difficult to obtain accurate points from a published curve

for several reasons: (1) Published curves have a minimal

number of reference points of the ordinate and abcissa,

and (2) The curves have usually been photographed and reduced

in size. In this process the scale to which they Were

originally drawn is reduced necessitating a rough measure—

ment for each point.

It can readily be seen that the heart rate 010 can

roughly divide the homeotherms from the poikilotherms,

although there is some overlap with certain animals.

Generally, in accordance with Table 3, homeotherms have a

010 of 2.85 and above while poikilothermic animals are

below 2.7.

It appears from the results of this study that the

heart rate is more dependent on temperature than previously

supposed. It is believed that the pacemaker tissue of the

_
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heart is that tiSSue which can intracellularly induce depolari—

zation. The means by which these tissues accomplish depolari—

zation is not known, although recently Hecht (1965), has

stated that most cardiac investigators agree on an ionic

theory of excitation in vertebrates. This is based on the

interplay of sodium, potassium, and chloride ions as intra—

cellular current carriers, and on the cellular membrane with

calcium ions as intermediates. The passage of the nerve

impulse is alSO known to be related to ionic flux. There—

fore, the initiation of the impulse, as well as its passage

over the heart, is essentially chemical in nature. This

apparently, is especially true of the atrial conduction of

the impulSe since no histological evidence has been intro—

duced to show specific transmitting structures. Baker and

Horvath (1964) in reporting on Work done with swimming un—

anesthetized rats, stated that if the circulation of the

limbs of the rats swimming in 200C water was sufficiently

reduced as a consequence of cold vasoconstriction, then a

build—up of chemical by—products of muscular contraction

should have increased the heart rate. The heart rate

apparently was not affected. This could be interpreted to

 mean that the increase in heart rate in response to exercise

either is temperature dependent, or that the effects of a

cooling body temperature override other reflex actions.

Ebert et a1, (1964) state that in their experiments,

hypothermia directly slowed the heart but no reflex effects

were noted. It seems that further Work should be done to

explore this problem.

—
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In planning both phases of these experiments it

seemed likely that some correlation Would be found between

the level of thyroid function in the neonatal rat and the

responses of heart—rate to body temperature with increasing

age and size. While interesting changes were observed in

both of these functions, no clear—cut relationship between

them has been found.

 





SUMMARY AND CONCLUSIONS

Thyroid Function in the Neonatal Rat

With these experiments, it was found that the neo-

natal rat has a low level of thyroid function at birth, and

this condition persists until the animal weighs 22 gms.

At this time there is an abrupt increase in the thyroxine

secretion rate (TSR) and thyroid iodine content, both of

which, from that time on, have a straight-line relationship

with the logarithm of body weight. This rate of increase

is maintained at least until a weight of 244 grams is reached

and an age of about sixty days.

The existence of a mother infant iodine cycle was

confirmed and it was found that approximately 9.36% of the

1131
thyroid gland of the individual tagged

in the average

was transferred to an untagged rat of the same

This rat received this 1131 from his

litter mates,

age within 48 hours.

litter mates Whose urine was ingested (at least in part)

by the mother and partitioned between her thyroid and mammary

glands. The portion of 1131 which was taken up by the

mammary tissue was subsequently released to the infants

via the milk. The number of rats in the litter, their age,

and Weight had no influence on the amount of the cycled

iodine.

4O
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The neonatal heart rate in relation to intraperitoneal

temperatures was studied. The data show it to be best des—

cribed by the Arrhenius equation within temperature limits

of 160 and 300C. The published work of six other investi—

gators was replotted by the author and Several different

species of animals (both poikilothermic and homeothermic)

were shown to have the same heart rate temperature relation—

ship. The Q10 of the neonatal rat heart was also calculated,

and it has a value of 3.05. It was also found that the age

of the rat is inversely proportional to survival if the

heart is stopped by cold. Mass and age do not affect the

Arrhenius plot for infants 1 — 20 days of age.

It is possible With the data shOWn in this paper  
and certain publications of others, to speculate that many

more animals may show this relationship. It may alSO mean

that some of the current concepts of the heart—rate

relationship to exercise may have to be re—evaluated°
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Table 1. Neonatal thyroid function. A listing of rat

weight, times of maximum uptake, release slopes

(Ki or K4), thyroid iodine content, micrograms

of daily thyroxine secretion rates.

Time to Micrograms Micrograms T

 

Rat Maximum Kg or K4* Thyroid Secreted 4

Wt. U** Uptake Iodine Daily

10.0 Mother

injected One day Ki 0.0788 0.2732 0.0510

10.2 " Three days 0.1427 0.2500 0.0846

10.3 " One day 0.1555 0.1656 0.0574

10.35 " One day 0.1488 0.3150 0.1111

10.35 " One day 0.1371 0.2101 0.0661

10.45 ” One day 0.1319 0.3800 0.1188

10.9 " One day 0.1523 0.5450 0.1967

11.85 " One day 0.1319 0.3102 0.0970

15.0 " Four days 0.1144 0.4525 0.1227

15.2 ” Four days 0.1590 0.1313 0.4949

15.5 " Two days 0.0861 0.1063 0.2169

15.5 " Two days 0.1488 0.1550 0.0489

15.6 " SiX days 0.1627 0.3163 0.1220

15.9 “ Two days 0.1026 0.4282 0.1041

16.0 ” Four days 0.0969 0.1519 0.0348

17.8 " Four days 0.1225 0.1538 0.0447

18.55 " Four days 0.1627 0.2013 0.0776

19.0 " Two days 0.1184 0.5825 0.1634

19.1 “ Two days 0.1344 0.1688 0.0526

Group II

22.9 .017 Six days K4 0.1319 0.4500 0.1715

24.0 .018 Four days 0.1427 0.3325 0.1372

24.0 .0185 Four days 0.2204 0.6838 0.3572

24.7 .0155 Four days 0.1762 0.6625 0.2599

25.4 .0126 Four days 0.1310 0.0125 0.0039

25.7 .0195 Four days 0.1932 0.6275 0.2873

26.7 .013 Four days 0.1606 1.1350 0.4319

26.7 .030 Four days 0.2566 1.2110 0.7366

26.8 .012 Six days 0.1498 0.6000 0.2131

27.1 .0258 Four days 0.2302 0.5360 0.2924

27.2 .0125 Four days 0.1353 0.6088 0.1952

27.4 .0218 Four days 0.2184 1.4250 0.7379

27.4 .0175 Four days 0.1540 1.0738 0.2924

27.4 .0170 Four days 0.1917 0.4913 0.2232

27.8 .0170 Four days 0.1451 0.9550 0.3286

28.0 .0095 Four days 0.1758 0.1485 0.0619

28.2 .0093 Four days 0.1025 0.6300 0.1530

28.7 .0062 Four days 0.0403 0.9350 0.0377

29.0 .013 Four days 0.1621 0.6500 0.2497
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Table 1. Continued.

Time to Micrograms Micrograms T4

Rat Maximum K4 or K4* Thyroid Secreted

Wt. U** Uptake Iodine Daily

29.1 .019 Four days 0.2006 2.7938 0.3920

29.4 .0074 Four days 0.0804 0.7400 0.1410

29.4 .012 Four days 0.1418 0.8300 0.2790

29.8 .012 Four days 0.1301 0.6350 0.1958

30.0 .0115 Four days 0.1338 0.5525 0.1752

30.4 .0175 Four days 0.1365 1.8550 0.6002

31.3 .0165 Four days 0.1395 1.8875 0.3824

Group III

60.8 .0265 Two days 0.1894 2.5532 1.0977

61.0 .0370 Two days 0.1774 3.8250 1.5401

63.0 .0220 Two days 0.1555 2.7344 0.9654

63.1 .0305 Two days 0.1604 3.4000 1.2379

64.9 .0350 Two days 0.2018 3.0063 1.3772

65.6 .0285 Two days 0.2062 2.5782 1.2066

66.1 .0340 Two days 0.1541 2.7219 0.9523

67.3 .0300 Two days 0.1852 2.6063 1.0956

Group IV

152.4 0.680 Two days 0.1415 6.4625 2.1669

155.3 0.640 Two days 0.1287 5.9875 1.8256

162.3 0.725 Two days 0.1016 9.4813 2.2837

172.8 0.670 Two days 0.2211 4.2250 1.9925

175.6 0.800 Two days 0.1287 9.3125 2.8400

195.2 0.980 Two days 0.1763 4.2250 1.7655

238.5 0.780 TWO days 0.1404 6.1500 2.0461

243.5 0.670 Two days 0.2211 4.1000 2.1482

___________________
___________________

_________'_______,_
_____

*from semi-log slope.

**Ca1cu1ated theoretical value from intercept of

zero time from true release slope.
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A comparison of K values with K; values

0.693
, -X

1/2

One—day comparison of values of release for different slopes

(I, II, III, IV)

K = 0.693 or 69.3% of the total value

 K:

Kg = 0.49993 or 49.993% of the total value

K = 0.5290 or 52.90% of the total value

Kg = 0.4993 or 49.93% of the total value

K = 0.3465 or 34.65% of the total value

K: = 0.2928 or 29.28% of the total value

I I III IV  
K = 0.26653 or 26.653% of the total value

Kg = 0.23395 or 23.395% of the total value

Plot out the supposedly identical values (K and KA) and

compare. Read Materials and Methods for an explanation of

how to convert K to K5.
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Equations for the calculation of a linear regression line

from a graphed logrithmic—linear plot.

y = linear values

logarithmic valuesx

N = number of subjects or observations

y = a + blog x ————— the values of a and b are determined

by the following simultaneous equations:

E (y) Na ' + b E ((109 x)

a E (log x) + b E (log X2)E (log xy)

The Coefficient of Correlation is calculated by the following

equation:

2 _ a E ) + b E lo x — N
r.—

2 2

E(y)—Ny

Then —

. 2

The Coefficient of Correlation (r) = J r

2
— — b E lo x

The Standard of y2 E ‘ ) )

a

N — 2
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Immobilization apparatus.

I. MASKING TAPE

2. RAT BODY

3. PLATE BASE

4.3LIDE

5. SLIDE WING NUT

(FOR TIGHTENING SLIDE)

6. WASHER

Z DIRECTION RAT FACES

8. ANCHORING POSTS

9. INTRAABDOMINAL

THERMISTOR PROBE

IO. CORK HOLDING PROBE

II. HOLE FOR CORK

I2. SUPPORTING RODS

I3. WIRE HOLDING

SUPPORTING RODS

l4. WATER AND ICE TO

BASE OF PLATE
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ABSTRACT

SUPPRESSION OF HUMAN T LYMPHOCYTE RESPONSES BYW

BY

Lisa Ann Beltz

Wis a parasitic protozoan of man which causes a

debilitating and often fatal disease whose early stages are accompanied

by decreased immune reactivity, the extent and underlying causes of

which were unknown. In order to address these issues, we utilized an

in vitro system in which T. cruzi trypcmastigotes were co-cultured with

normal human peripheral blood mononuclear cells (PHI/1C) . In this

system, T.- cruzi reduced PEMC proliferation following stirmlation by

several mitogenic lectins or antibodies to either the T cell rweptor

complex or C02. This reduction was not due to inadequate levels of

nutrients or mitogens or to a loss of PEMC viability after co—culture

with the parasite. T. cruzi also inhibited the growth of several but

not all immortalized cell lines. While monocytes were not required for

decreased PEMC responsiveness, parasite viability was necessary.

Similar results were obtained when T. cruzi was separated from cells by

a Millipore filter, demonstrating that suppression occurred via a

factor secreted by the parasite. Maximal inhibition was noted only

when T. cruzi was added to cultures within 24 hr of stimulation;

therefore, early stages of activation were affected. Interleukin 1 and

interleukin 2 (IL2) are products of stimulated monocytes and T cells,

respectively, required early during T cell activation. Following

Optimal stimulation of human PBVIC, production of

these lymphokines and interferon-r was unaffected by T. cruzi while the
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parasite decreased I12 and interferon-T production by mouse

splenocytes. IL2 restored proliferation of suppressed mouse but not

human lympiocytes. The inability of human T cells to respond to

endogenous or exogenous I12 correlated with inhibited expression of 112

receptors. Both the number of cells bearing IL2 receptors and receptor

density were decreased by T. cruzi within 12 hr. low and high affinity

receptors were both affected. The expression of T113, an early

activation marker, and the transferrin receptor, a growth factor

receptor appearing late in activation, were also inhibited by T. cruzi

while EAl, the earliest reported activation marker of T cells, was

unaffected. Suppression of human T cell functions by T. cruzi is thus

selective, with the key events lying not in altered lymphokine

production but rather in decreased expression of crucial growth factor

receptors .
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IN'I'ROIUCI‘ION

I. W: an overview

Wis the hemoflagellated protozoan which is the

causative agent of Chagas' disease. Fifteen to twenty million people

are estimated to be infected with this parasite and an additional forty

to forty-five million are at risk of acquiring the infection (1) .

While the vast majority of the cases have been confined to the tropical

and subtropical regions of South and Central America, several reports

have demonstrated itstarces of human infection acquired in the United

States (2-4) , where a high percentage of intermediate invertebrate and

vertebrate hosts harboring T. cruzi has been found in some geographical

‘ regions (5) .

  

  

  

  

   

 

  

  

  

Chagas' disease can be divided into three phases: acute, latent,

and chronic. The early, acute phase may be asymptomatic and occurs

most frequently in children (5) . Diagnosis may be made by the presence

of an indurated skin lesion (chagoma) or an unilateral edema of the

eyelid, conjunctivitis, and enlarged satellite lymph node (Romana's

sign) (5,6) . Parasitemia may also be demonstrated at this time and

within two to three months. Other possible manifestations

lude fever, hepatosplenomegaly, lynphadenopathy, lymphocytosis, m3

terations, heart failure, and meningoencephalitis (5,6). Mortality

ing the acute stage of infection is five to ten percent (5,7).
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After a latent period of variable length, lasting up to twenty or

thirty years, a percentage of those infected pass into the more severe,

chronic stage of the disease. This stage is characterized by damage to

the cardiovascular system (myocarditis, cardiac failure) or the

digestive system (megacolon or megaesophagus) , as well as nervous

tissue (5,8—10). Ten percent of the deaths among adults may be due to

chronic C‘hagas' disease in some regions of Central and South America

(11) .

Most of the early descriptions of parasite morphology and life

cycle are the work of Carlos Chagas (reviewed in 5) . The life cycle of

this parasite involves transmission between an invertebrate host of the

family Reduviidae, subfamily 'I’riatominae, and a vertebrate host. A

wide range of mammals serve as suitable hosts: the$e include man,

darestic animals, and rodents, as well as sylvatic reservoirs.

Amphibians and birds are refractory to infection (12,13) .

Infection of the mammalian host begins when the elongated, flagel-

  

  

  
  

  

  

  

  

  

  

  

lated metacyclic trypqnastigotes from the insect feces are rubbed into

mucosa or the site of a reduviid bite. The trypomastigotes invade

nearby cells (especially those of the muscular tissues or the reticulo-

othelial system) and transform into the amastigote form. The latter

tiply by binary fission in the host cell's cytoplasm and then

form into nondividing bloodstream trypomastigotes which are

eased from the bursting host cell. rIhese trypomastigotes may either

de other cells to continue the mammalian cycle or may be ingested

a reduviid bug during a blood meal. In the vector's midgut,

tigotes transform into epimastigotes, the dividing form in the
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insect. After passage to the hindgut, the epimastigotes transform into

the infective metacyclic trypomastigotes.

II. Immmosuppression caused by T. cruzi

Both the cellular and humoral arms of the immune system play

important roles in host defense during the latent and chronic phases of

Chagas' disease (reviewed in 5 and 14). The early, acute stage of

infection in humans and mice, however, is characterized by a state of

specific and nonspecific immnos11ppression. This condition is not

unique to T. cruzi infection, occurring in several other parasitic

diseases as well. Several reports have demonstrated the occurrence of

suppressed cell—mediated responses in humans during the acute phase of

the disease (15,16). This phenomenon is accompanied by an increase in

the absolute number of CD8+ T suppressor/cytotoxic cells and a decrease

‘ in the number of CD4+ T helper lymphocytes (16) . Cellular immunity, as

measured by lymphocyte blastcgenesis and delayed-type hypersensitivity

reactions, returns to normal levels during the chronic stage (17-19) .

Studies of the underlying neduanisms) of this acute phase immmosup-

pression have not been undertaken in human infection, perhaps due in

part to the difficulty in obtaining and/or diagnosing patients during

this phase of the disease. »

The vast majority of studies of T. cruzi-induced inmnmosuppression

ve utilized the mouse model system. Cell-mediated immune responses

inhibited in mice during the acute phase of infection. Splenocytes

rcm these mice exhibit decreased blastcgenic responses to the T cell

'togens concanavalin A (Con A) and phytohemagglutinin (FHA) and to the
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B cell mitogens lipopolysaocharide (LPS) and dextran sulfate (20-27) .

Partial to complete recovery of these responses occurs during the

chronic phase (24—26) . Proliferative responses to trypanosomal

antigens are also inhibited during the acute but not the chronic stage

of the disease in the moderately susceptible CBA/J and resistant C57

131/6 mice (25,26), whereas in the more susceptible C3H/HeI mice, the

suppression extends into the chronic phase as well (26) . In addition

to decreased proliferative responses, T cells from T. cruzi—infected

mice are also defective in providing helper activity to B lymphocytes

(28).

When either epimastigotes (27,29) or bloodstream trypomastigotes

(29,30) are added to cultures of Splenocytes from uninfected mice,

there is a significant reduction in the blastcgenic response to Con A

and LPS. This decrease is produced only when the parasite is present

during the initial 24 hours of stimulation (29,30) , suggesting that the

suppressive event occurs at an early stage of lymphocyte activation.

T. cruzi also inhibits the delayed—type hypersensitivity reaction

to skin sensitizing agents (21,31) and trypanosomal antigens (21,32)

during the acute phase of the disease. The inhibition in the response

to T. cruzi antigens persists into the chronic phase while

reponsiveness to an unrelated antigen is restored (33) . Spleen cells

from acutely but not from chronically infected mice are also unable to

Droduce migration inhibitory factor in vitro (32,34).

'Ihehumoralarmofthe immmesystemisalsoaffectedbyT. cruzi

mfection. Splenocytes from awtely infected mice display deficient

lumbers of plaque-forming cells (PFC) to both T cell-dependent





6

(heterologcus erythrocytes, trinitrophenyl—bovine serum albumin) and

-independent (di- and trinitrophenyl—Ficoll, Brucella abortus, IPS)

antigens in vitro (26,35-41) . The decrease in IgG but not IgM PFC

persists well into the chronic phase (40,41). Both primary and

secondary IgG responses are affected, while only the primary IgM

response is reduced (36,38) . A restriction in the IgG isotype profile

in the sera of chronically infected mice has also been noted; the

predominant isotype being IgG2, with deficient production of IgG1 and

1963 (42).

A mnnber of mechanisms have been suggested to play a causative

role in the above noted immmosuppression. Several researchers have

reported the presence of suppressor T cells which decreased T and B

cell proliferation (22) , delayed—type hypersensitivity reactions (33) ,

and IgG production (40). Other workers, however, have shown that the

removal of Lyt 2.1 or 'Ihyl positive cells does not lead to a decrease

in suppressive activity (20,25,43,44) . Another cell type which has

been demonstrated to play a role in T. cruzi-irduced immunosuppression

is the suppressor macrophage, which has been shown to decrease blasto—

genic responses (20,26,39,45) and the number of PFC (39,46). Irxicmeth—

acin was shown to increase responsiveness (45) , suggesting the

involvement of PGE2. other macrophage functions which are required for

immune responses, such as antigen uptake and presentation, expression

of major histocompatibility complex (MHC) antigens, and release of

interleukin 1, are not altered by T._c_ru_z_i infection (35,36,47).

Decreased numbers of splenic T cells (24,44) and polyclonal activation

of B (38,48,49) and T (49-51) cell responses, leading to clonal
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depletion, have also been suggested to have a part in causing the

inmwosuppression. Interleukin 2 (IL2) production is also decreased in

stimulated Splenocytes from infected mice (47,52). Since this

lymphokine plays a vital role in both T and B cell responses (see

Interleukin 2), the decrease in I12 levels may be partially responsible

for the deficiency in lynphocyte responsiveness.

Various soluble factors have also been suggested to play a role in

T. cruzi-irfluced immunodeficiency. The first such factor to be

reported was found in fine serum of acutely infected animals (37,50,53-

56): this work was not reproducible and was later retracted by the

authors (57) . Another factor was reported by this group of researchers

to be present in the culture supernatant of Splenocytes from infected

mice (54,58) and acts only on syngeneic Splenocytes. Recently, another

suppressive factor from these culture supernatants has been reported

(59). This factor has a molecular weight of 14 to 15 Kd, a pI of 6.6,

is not haplotype—restricted and is believed to be of host cell origin.

_Finally, cultures of infected Splenocytes are reported to produce a

suppressive factor when incubated with epimastigotes, trypomastigotes,

or the 104,000 x g supernatant fraction of epimastigotes (60).

Several attempts have been made to overcome T. cruzi-induced

immmcsuppression. Since ILZ production/secretion is decreased in

spleen cells from infected mice and this lymphokine is required for T

cell proliferation as well as for B cell differentation (see Inter-

Lleukin 2), several groups of researchers have tried to overcome the

suppressive effect of the parasite by the addition of exogenous IL2 to

cultmres cf Splenocytes from infected mice. T cell blastcgenic
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responses to Con A stimulation were not restored (47) , while a recovery

of B cell responses was produced by either crude (52,61) or purified

IL2 (62) . IL2 was also able to restore the ability of T cells to

provide helper activity to B cells (28) . When administered to infected

mice either alone (63) or in combination with parasite antigens (64) ,

IL2 restored the in vivo humoral responses of these mice with a

subsequent decrease in parasitemia and a slight increase in longevity.

The addition of IL2 and parasite antigens is most effective in restora-

tion (64) . This group has also found that the administration of

parasite antigens alone is able to overcome the suppressive effect of

T. cruzi if administered more than once and given at the appropriate

time intervals (65) .

III. An Overview of T Cell Stimulation

T lymphocyte stimulation, with the subsequent synthesis and

release of factors involved in macrophage, B lymphocyte, and natural

killer cell (NK) activation as well as in clonal expansion of antigen-

specific T cells, plays a crucial role in the host immune response.

Several patlmrays of T cell activation have been reported. The most

common means of in vivo stimulation occurs via engagement of the T cell

antigen receptor complex (CD3-Ti) . The first event to occur in this

pathway is the phagocytosis and processing of the antigen by macro-

phage/monocytes, B cells, and dendritic cells, followed by its presen-

tation to T cells in the context of the correct MHC antigen (reviewed

in 66). The T4+ subset which consists of helper and suppressor

inducer cells recognizes processed antigen in the context of MHC class
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II antigens (67) . 'Ihe T8+ subset to which both suppressor—effector and

cytotoxic T cells belong responds to antigen plus class I MHC antigens

(67).

The processed antigen and MHC molecule are recognized by

the CD3-Ti complex on T cells (67). CD3 (T3) is a molecule which is

fovmd on all mature human T lymphocytes and consists of a membrane-

bound heterotrimer (68) which is non-convalently linked to Ti (69). Ti

is the clcnotypically unique structure which allows specific antigen

recognition (70,71) . It is a membrane—bound heterodimer belonging to

the inmmmoglobulin superfamily (72) whose individual chains each

undergo somatic rearrangement to provide the large diversity of

antigen-recognizing structures required by the host (73—76) . Recogni—

tion of antigen plus MHC or the addition of antibodies to either Ti or

CD3 leads to a removal of the complex from the cell surface (70,77) and

provides the first signal in T cell activation (70,78-80) .

In addition to their role in antigen presentation, macrophages, B

cells, and dendritic cells also synthesize and secrete interleukin 1

(IL1) upon stimulation (81,82) . This lymphokine elicits a large

variety of responses in a number of different cell types (83) . One of

its actions is to provide a second signal in T cell stimulation (81) .

Phorbol myristyl acetate is able to mimick ILl activity (84,85) ,

possibly through the activation of protein kinase C. The combination

of signals provided by CD3-Ti and IL1 lead to the production of

interleukin 2 (11:2) and its surface receptor (IL2R) (83,86).

IL2 is a lymphokine synthesized and released by activated T helper

:ells (87) . Upon binding to its receptor, IL2 transmits an intra-
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cellular signal for cell progression from the early to the late G1

stage of the cell cycle (88,89) . Resting cells bear only very low

numbers of a low affinity form of the IL2R, but upon contact with

processed antigen and IL1, T cells express greatly enhanced levels of

membrane-bound receptors, including some with a high affinity for I122

(see Interleukin 2 Receptors). Receptor phosphorylation (90) ,

activation of a Na+/Hi— pimp (91), protein kinase C mobilization

(92,93) , activation of an unique protein kinase (94), increased levels

of cytosolic (n+2 (95,96), inositol triphosphate generation (97), and

the inhibition of cAMP acamulation (98) have been reported to be

involved in the signal transmission.

The synthesis of both 112 and the IL2R occurs early during T cell

activation and is transcriptionally regulated. ILZ mRNA is first seen

at 9 hours after stimulation and peaks at 24 hours (99,100) , while ILzR

mRNAisfirstdetectableat3hoursandismaximalbetween6and24

hours (100). Release of IL2 by the cells occurs by 12 hours of

activation and is maximal at 48 hours (101) . The expression of the

‘IL2R on the surface of the cells begins approximately 6 hours after

stimulation and peaks at 48 hours (102) . The synthesis of both ILZ and

its receptor are subsequently downregulated (100,102,103) .

Other events occurring during T cell activation include the

synthesis of IFN-T (See Interferon-7) , the expression of several growth

factor rmeptors (104—108) , oncogene transcription (103,109) , DNA

synthesis, and cell division. Most of these events are regulated at

least partially by the interaction of IL2 with the 112R. The induction

of IFN—‘r transcription occurs approximately 3 hours after stimulation, I
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peaks at 9 to 15 hours, and begins to decrease at 24 hours (100).

While several reports show that I12 may upregulate IFN-T production,

these kinetic studies suggest that IFN—r synthesis is at least

partially independent of I12 regulation (see Interferon-7) .

Transferrin is required for lymphocyte proliferation, and anti—

transferrin receptor (TfR) antibodies block thymidine incorporation in

T cells (106,110,111) , indicating the vital role of this receptor in

lymphocyte blastcgenesis. This grovth factor receptor is expressed

late during lymphocyte activation, with its and first being detectable

at 6 to 14 hours and peaking betweei 14 and 48 hours (100,103).

Expression of the T131 on the cell surface is detectable at 48 hours and

is maximal 72 to 96 hours later (112) . The expression of this receptor

appears to be dependent on the presence of I12, and antibodies to the

112R block the appearance of the TfR on file cell surface (106) ,

suggesting that the 112—112R interaction regulates the expression of

the TfR. Other growth factor receptors which are expressed at higher

levels on activated T cells include the IL]. rweptor (both high and low

affinity foms; 113) , the insulin receptor (104) and the type I and II

I insulin-like growth factor receptors (107).

The transcription of protooncongenes also occurs during T cell

activation (103,109) . Some of oncogene mRNA, such as c-myc and c-fos,

appear early, prior to the induction of the IL2 mRNA, while others,

(such as c~myb, N—ras, and p53, are transcribed later. The expression

of the latter group is enhanced by the addition of I12 (103) ,

suggesting a regulatory effect of this lymphokine.
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Ultimately, the stimulated lymphocyte passes through the s and 62

phases of the cell cycle to the M phase where it undergoes division.

Thus, activation of the T cells by the CD3-Ti pathway leads to lympho-

kine production and expansion of antigen-reactive cells. Mitcgenic

lectins are able to mimick this process but produce polyclonal lympho—

cyte activation.

In addition to the above—mentioned antigen—dependent pathway,

several antigen-independent pathways of T lymphocyte stimulation have

been reported, involving c132 (114), 171344 (115—117), and 1:90 (118). Of

these, the 032 pathway has been best characterized (reviewed in 114) .

The first demonstration that CD2 [the sheep erythrocyte receptor, T11,

lymphocyte function-associated antigen 2 (LFA-Z) , Leu5] may be involved

in an alternative pathway of lymphocyte activation came from the

finding that a pair of antibodies directed against two distinct

epitopes of 032, T112 and T113, were able to induce blastcgenesis.

This stimulation is monocyte—independent (112) . Upon stimulation with

FHA, the number of 032 molecules on the cell surface increases, and

T113 becomes detectable within 24 hours. This epitope is not expressed

on resting cells and its expression is believed to result from a change

in molecular conformation (112) . An antibody directed against the T112

epitope, which is found on all T cells, also rapidly induces T113

expression, in as little as 30 minutes (112) .

The ligand of 032 has rwently been identified as LFA-3 (119,120) ,

a molecule expressed in endothelial, epithelial, and connective

tissues, as well as on many blood cells (121) . While all T cells may

bind to an LFA-like molecule on sheep erythrocytes via 032, only
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activated T cells bind to human erythrocytes, which express a much

lower level of LEA-3 than sheep erythrocytes (122,123). 'IWO forms of

LEA-3 have been characterized, one form attached to the cell membrane

by a hydrophobic C-terminus and the other via a phosphatidylinositol

tail (124,125). Both forms show significant homology to 032 (124).

The binding of LFA—3 to CD2 allows T cells to become responsive to

stimulation by anti—Tug, (126) . It is possible, therefore, that the

interaction of 032 with LEA—3 on accesory cells triggers T113 expres—

sion and that the subsequent binding of this epitope to its ligand

induces antigen-irriendent proliferation. This pathway may be of

particular importance for immature thymocytes which lack the CD3-Ti

calplex (114) . The putative ligand of T113 has yet to be identified.

032 and the CD3-Ti complex are separate entities and are not

associated on the cell surface (127) . Moreover, CD3-Ti is not required

for C02 activation since the latter pathway is operative in CD3”

thymocytes (128) . Nevertheless, the removal of CD3-Ti from the cell

surface inhibits 032—induced proliferation (112) , suggesting that the

antigen—dependent pathway may regulate 032 responsiveness. Like

stimulation via CD3—Ti, triggering by CD2 also involves the synthesis

of I12 and the expression of I12R (128) . Furthermore, CD2 activation

induces phosphorylation of 033 (129) . Taken together, these data

indicate that at least two pathways of T cell activation exist, either

antigen—dependert or ~indepernient. These pathways involve separate

signaling molecules interacting with separate receptors but may merge

subsequent to receptor binding, with each pathway regulating the

activity of the other.
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IV. Human Interleukin 2

IL2 is a lymphokine secreted by activated T cells which allows

progression from the early to the late 61 phase of the cell cycle (see

An Overview of T Cell stimulation) . It has been well characterized, at

the amino acid as well as the DNA level. This lymphokine has a

molecular weight of 15 RD and consists of a 133 amino acid polypeptide

containing one intramlewlar disulfide bridge (87) . Although one 0-

1inked glycosylation site is present, carbohydrate is not neccessary

for biological activity (130-132) . X—ray crystallography studies

indicate a significant amount of a helical secondary structure (133) .

1 There exists only a single copy of the IL2 gene, located on

chrrmoscnre 4q (134) . This gene contains 4 exons separated by inter—

vening sequences (135,136) . The cDNA for IL2 has also been cloned and

sequenced (137) , and encodes a polypeptide of 153 amino acids, with a

putative signal sequence of 20 N-terminal residues.

IL2 has been found to have a variety of activities in several

lifferent cell types. In T lymphocytes, IL2 triggers the production of

ther lymphokines, the expansion of reactive clones and the generation

»f cytotoxic activity (101) . In B lymphocytes, IL2 has been reported

0 play a role in both differentiation and division (138,139), although

he former function is still a matter of controversy. IL2 enhances the

ytotoxicity of monocytes and NK cells (140,141), as well as stimu-

iting the respiratory burst and degranulation of neutrophils (142).

Deficient IL2 production is found in several pathological condi—

.ons. These include infection with T. cruzi (47,62) ,W
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m (143,144),Wcongolense (145), Ieishmania donovani

(146), and Mycobacterium bovis (147), and in lepromatous leprosy (148),

pulmonary tuberculosis (149), certain types of cancer (150), systemic

lupus erythematosus (151), Hodgkin‘s disease (152), and AIDS (153-

155) . In the first four of these infections, exogenous IL2 has

restorative effects either in vivo or on in vitro lymphocyte functions

(28,47, 61-64, 143—146) .

V. The Interleukin 2 Receptor (IL2R)

The biological activities of 112 are mediated through the ILZR,

which, after binding its ligand, is internalized and transported to the

lysosomal compartment where it is degraded (156) . The ILZR is

expressed on activated T and B lymphocytes (156-158) , with the former

expressing approximately twice as many receptors as the latter (159) .

Immature thymocytes (160) and IFN-T- or LPS-induced monocytes (161,162)

also bear the receptor. The expression of the 112R on T cells may be

upregulated through several agents: these include IL1 (163) , IL2 (164-

166), IFN-‘r (167,168), phorbol myristic acetate (169) and thymic

hormones (170).

The initial binding studies using radiolabeled—ILZ detected 200-

11,000 receptors on activated T cells with a Kd of 10‘11 to 10'12

i170) . Studies with 3H-anti-Tac, an antibody to the receptor which

glocks the binding of 11.2 (172,173), however, detected 30,000 to 60,000

LLZR per cell (169) . This discrepancy in receptor number was resolved

by studies which used a broader range of radiolabeled—IL2 concentra—

:ions. These studies demonstrated the presence of two classes of
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receptors: the first class bound ligand with the previously noted high

affinity (Kd = 10'11 to 10'12) , while the second class had a Kd of

approximately 10‘8 and was represented by 40,000 to 50,000 molecules

per cell (171) . Anti—Tao binds both classes of the receptor (173) ,

while physiological levels of IL2 are believed to interact with only

the high affinity form (172). In order to further characterize the

IL2R, several groups of investigators made use of various cell lines

from patients with cutarmzs T lymphomas transformed by the human T

cell lymphotropic virus I (HI'LV—l) (174). These cell lines include HUT

102, YT, and MP-l and constitutively produce and express membrane-bound

ILZR at 5 to 10 times higher levels than activated normal T cells

(169,175) . Additionally, several of these lines spontaneously release

IL2 (175) . Since these cells have greatly elevated numbers of IL2R,

they were used to perform the initial purification and characteriza-

tions of the rweptor (176-178) . Subsequent studies have shown that

the genes encoding this molecule as well as the amino acid sequences

are the same in both normal and the HTLV-l-infected lines (179,180),

though differences in molecular weight have been reported (177,178)

are due to variations in post—translational processing (180).

Information gleaned from the study of both HI‘LV-l-infected cell

ines and normal lymphoblasts have revealed that the low affinity form

f the receptor is composed of a single polypeptide chain that reacts

ith the anti—Tao antibody (176-178,181). It has a molecular weight of

pproximately 55 kD on lymphoblasts (50 kD on HUTlOZ) with a pI of 5.6-

.0, contains N— and O—linked glycosylation, and is phosphorylated and

fated (HG—178,180) . Proteolytic analysis of this molecule suggests
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the existence of two disulfide-linked dcxnains, with the IL2 binding

site in the N-terminal region (182) .

Complementary DNA for the above-mentioned p55 polypeptide has been

cloned and sequenced, and encodes a protein consisting of 251 amino

acids with a N—terminal extracellular region, a 19 amino acid trans-

membrane segment, and a predicted cytoplasmic region of 13 residues

(183—185) . This last finding was unexpected since most growth factor

receptors have more extensive cytoplasmic tails, which frequently

contain tyrosine kinase activity. This information suggested that the

p55 polypeptide may be unable to generate an intracellular signal

itself and may be associated with a separate molecule which is able to

do so.

Genomic 111A for the p55 polypeptide has also been examined. There

existsonlyasinglecopyofthegeneencodingthisnoleclleanditis

located on chromosome 10 (179) . The gene consists of 8 exons, of which

two, exons 2 and 4, are believed to have arisen from a gene duplica—

:ion. Interestingly, alternatively spliced mRNAs which lack the second

3f these sequences do not produce functional receptors (179) . The IL2R

gene has two transcription initiation sites in normal T cells (three in

IILV-I-infected lines) and three different polyadenylation sites (179) .

.‘wo major size groups of mRNA have been found, of 1500 and 3500 base

hairs, with the 1500 base pair moieties making use of the 5'-most

olyadenylation site (183) . The former group is believed to contain at

easttwokirxisomeNAandthelatter, at least four, althoughthe

ctualnimiberofspeciesineachgroupmaybegreaterduetothe

resence of several transcription start sites as well as to alternative
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RNA splicing (186) . Both of these groups contain RNA which give rise

to fumtional receptors (183) .

When the chNA encoding the human form of the p55 polypeptide was

transfected into a mouse T—lyrrphocytic line, both low ard high affinity

forne of the IL2R were expressed ard the cells were able to respond to

human I12 (187) . When mouse L cells were the recipients of the c1112.

for either human (187,188) or mouse (181,189) p55, low but not high

affinity IL2R were produced. These low affinity receptors could be

converted to the high affinity form following the fusion of the

transfected L cells with membranes of human T cells (189) . Together,

these results suggested that p55 is responsible for low affinity

birding ard acts in concert with a secord molecule, found in the

membranes of T cells, to produce high affinity binding.

Evidence for the existence of the putative secord chain of the

IL2R was provided by studies in which 125I—IL2 was cross-linked to its

receptor using the bifunctional agent disuccinimidyl suberate ard

analyzed on SDS-polyacrylamide gels (190-194) . When the cross—linking

was performed with either normal T lymphoblasts or HUI' 102 cells, two

bands Of 55 and 70-75 kD were detected (l90-192,194,195) . The 55 kD

molecule is precipitable by anti-Tao (190—192,195) and is also demon-

strable on cells transfected with p55 cum (191) . This polypeptide thus

appears to oorrespord to the previously characterized chain of the

receptor. The 70—75 kD polypeptide (henceforth referred to as p75) ,

however, does not react with anti-Tao (190-192,194,195) ard represents

a novel 112-birding molecule.
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Further clarification of the roles of p55 ard p75 in IL2 birding

were obtained by performing cross-linking studies with YT cells, a NK-

like HITN—l-infected cell line (196) . Normally, these cells bird IL2

with a Kd of 10-9 (intermediate affinity binding) ard this binding is

not inhibitable by anti-T‘ac. Cross-linking studies using YT cells

revealed a single 112-birding bard of 75 kD (192,195) . These cells can

also be irduwd to express the high affinity form of the receptor

(196,197) . Cross-liming of the irduced YT cells to IL2 yields both

the p75 ard p55 chains (192,195) . Taken together, these firdings

irdicate that p55 alone is capable of low affinity IL2 birding, p75

alone produces birding of an intermediate affinity, ard together, p55

ard p75 form the high affinity IL2R. Since the number of low affinity

receptors far exweds the number of those of high affinity, the levels

of p75 are believed to be the limiting factor in the formation of high

affinity rmeptors.

The respective contributions of p55 and p75 to high affinity

airding were examined rwently (198,199). The p55 chain allows rapid

association (5 sec) ard dissociation (6-10 sec), while both the

association (42-47 min) ard dissociation (250-330 min) of IL2 with p75

'Ls much slower. Together, they form a receptor with the rapid associa-

:ion (37 sec) characteristic of p55 ard the slow dissociation (285 min)

>f p75.

As previously noted, p55 contains an extremely short cytoplasmic

egion which may be unable to function in signal transmission. The p75

olecule, on the other hard, is able to internalize IL2 (193) ard

ransmit a signal for cell division (200,201) or immunoglobulin
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synthesis (202,203) in the absence of p55. Additionally, low levels of

p75 but not p55 are present on resting T cells (194,200) ard thus may

explain how high levels of IL2 are able to activate unstimulated cells

(204).

In addition to the membrane—bard form of the II.2R, a soluble form

also exists. These soluble receptors are released from activated

normal T cells and HITN-l-infected lines (205; and this release is

enhanced by IL2 (206) . The soluble form is approximately 10 kD less

than the Meme-associated rweptor and may thus arise by either

alternative RNA splicing or by proteolytic cleavage from the cell

surface (205,207) . The serum levels of the soluble IL2R are enhanced

in certain disease states, including Hodgkin's disease, adult T—cell

lelfltemia, chronic lymphocytic leukemia, Sezary syrdrome, ard AIIB (208—

210) . Since the soluble receptor is able to bird IL2, it may act as a

cmpetitive inhibitor of the membrane-bourd form, decreasing the H2-

responsiveness of T cells in these diseases (211) .

Decreased expression of the membrane-associated IL2R has also been

demmtrated in certain pathological corditions: pulmonary tuberculosis

1(149), Hodgkin's disease (152), AIDS (154,212), ard infection with L

drug (144). In the latter case, this decrease is the result of

‘sllppressor cell activity ard not directly irduced by the parasite.

II. Interferon-1

TEN-1 is another lymphokine produced by activated T cells. Its

synthesis is regulated, at least in part, by IL2 since anti-Tao

164,213) ard culture corditions which inhibit IL2 production (164,214) 
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also decrease IFN—T synthesis. The addition of IL2 to these cultures

restores IFN-T production (214). IL2 is also able to irduce IFN-T

synthesis in unstimulated lymphocytes ard this effect is enhanced by

phorbol myristate acetate (213) . While these reports show the ability

of IL2 to upregulate IFN—T production, the presence of I12 is not an

absolute requirement since normal IFN-r production occurs in T. brucei

infections in the face of deficient levels of 112 (144) . Temporally,

IFN-‘r mRNA is produced prior to that of IL2. (see An Overview of T Cell

Stimulation) , again suggesting that IL2 is not the sole factor

regulating IFN—T production.

IFN-‘r has a wide range of functions in a number of different cell

types (reviewed in 215) . In addition to its antiviral effects, this

lymphokine irduces the expression of MHC ard LFA-l antigens (215,216)

ard the Fc receptor for IgG (215) , activates neutrophils (217),

increases tumoricidal activity in monocytes ard NK cells (141,218) ,

(activates macrophages ard monocytes for antimicrobial activity (219)

ard induces differentiation of myelo-monocytic ard B cells (215) . In T

cells, IFN-T may either increase or decrease growth, deperding on the

dosage ard time of administration (219,220) . This enhancement may be

due, in part, to the ability of IFN-T to increase ILl (221) and IL2

(222,223) production as well as the expression of ILZR on T cells

(167,168) ard monocytes (161,224).

IFN-7 is released from the stimulated T cells as a glycoprotein

with a pI of 8.6 (225) which exists in three monomeric forms with

molecular weights of 15, 20, and 25 kD, in increasing order of occur-

rence (226) . These forms have identical amino acid sequences, with the
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5 kD molecule containing two N—linked glycosylation sites and the 20

form having only one (227) . ‘

IFN—‘r cmAhasbeenclonedardsequenced, ardencodesa

lypeptide of 146 amino acids, 20 of which are believed to function as

signal sequence (228) . There exists only a single copy of the gene

or IFN-r, located on dlromosome 12 (229). This gene is composed of

our exons ard contains a repetitive element (230).

Receptors for IFN-T have been demonstrated on monocytes and

onocyte-like cell lines (231-234), fibroblasts (235), lymphoblastoid

ells (236,237) , ard WISH amniotic cells (238) . This rweptor birds

FN-r with high affinity (Kd ranging from 10‘9 to 10'10) (231-235,237,

38) . Cross-linking of radiolabeled IFN-T to the cell membranes,

ollowed by analysis by SIB-PAGE, shows a receptor with a molecular

eight of loo-150 kD (234,236-238) , whereas isolation of the receptor

sing anti-receptor antibodies produces two molecules of 50 ard 90 kD,

3th of which can bind IFN—r (239) . Thus, the receptor appears to be

of two subunits.

Deficient production of IFN—‘r is fourd in several disease states,

luding acute tuberculosis (240), Ieishmania infections (241,242),

lepromatous but not tuberculoid leprosy (243) . Since leprosy is a

of disease states with the lepromatous form exhibiting greater

thogenicity than the tuberculoid form, increased pathology correlates

defective IFN—‘r production in this cordition. Additionally, the

in IFN-r synthesis in Ieishmania infections is noted in

ptible but not resistant strains of mice (241,242). Thus, the
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ability of a host to produce IFN-T may determine the subsequent

severity of some diseases.

VII. Research Goals

During the initial phase of Chagas' disease, there exists a state

of suppressed responsiveness in both the humoral ard the cellular

branches of the immune system. All of the previously reported studies

examining the underlying mechanisms of this phenomenon have utilized

themousemodel system. Thegoals ofthisresearchweretosuldyL

_cru_zi—irduced iimnunosuppression of human T lymphocyte responses ard to

examine at which stage of lymphocyte activation this suppression first

is seen.

Chapter one describes the ability of T. cruzi trypomastigotes to

inhibit the proliferative response of normal hlmian T lymphocytes

stimulated by a variety of mitogens. The ability of activated human

ard mouse lymphocytes to produce ard respord to IFN-‘r is described in

chapter two while the synthesis of IL1 ard IL2 ard the expression of

the 112R are the topics of chapter three.

Several markers of T cell activation have been described which

appear in a definite temporal order. These markers include early

(activation antigen 1, the IL2R, ard the transferrin rweptor. Chapter

four explores the ability of T. cruzi to affect each of these markers

over time in order to study the specificity of the irnmunosuppression as

well as to determine the earliest stages at which lymphocytes are

inhibited. The expression of both the high ard the low affinity form

oftheILZRareexamined.
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The CDZ pathway of lymphocyte activation provides an alternative

:e to the better chacterized CDB-T‘i pathway of stimulation. The

Lity of T. cruzi to inhibit T cell stimulation through this pathway

mired in Chapter five.

Appendix 1 examines whether cell—to-parasite contact is required

the induction of immunosuppression and whether this event is

arsible.

lymphocyte activation involves a series of stages as the cell

as from the resting stage of Go into the cell cycle; the parasite

1d exert its inhibitory effect at any of these stages. Immrtalized

1 lines, however, are already in the cell cycle and thus bypass

eral of the events which occur during activation, perhaps even the

ges which are acted upon by T. cruzi. The question of whether L

a; is able to suppress the growth of several established cell lines

examinedinAppendixz.
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ABSTRACT

rtually nothing is known about the basis for the immmmosuppression

,sociated with human T.cruzi infection. We have used an in vitro

stem to explore this effect. Incubation of human peripheral blood

nemclear cells (PBMC) with blood forms of T. cruzi abrogated their

sponses to suboptimal. optimal and supraoptimal doses of Con A, PHA

‘ HM whether or not monocytes were depleted. Killed parasites were

t suppressive. Maximal suppression (74%) occurred when the parasites

re present during the entire culture period (96-hr) , although

gnificant suppression (33%) was seen when the organisms were added

. 48 or 72 hr after initiation, suggesting that the early stages of

phocyte activation had been impaired and that a second generation of

.15 was also affected. The 4—day supernatant medime of a T. cruzi

pension supported PBMC responses to Con A as well as medium alone,

licating that suppression did not result from parasite removal of

ential nutrients. furthermore, 96 hr after mitogenic stimulation

. proportions of viable PHVIC in cultures containing or lacking the

asitee were comparable. Although T. cruzi binds Con A and PHA, this

orption was not the cause of reduced responsiveness since optimal

centrations of Con A and PHA remained in solution under our

iitions. Levels of IL2 in FHA-stimulated PHVIC cultures were

(edly reduced in the presence of T. cruzi. However, exogenous IL2

‘Led to restore lymphocyte responsiveness. T. cruzi neither absorbed

inactivated IL2. Thus, the noted suppression appeared to involve

Least deficient production and utilization of ILZ.



(21

evi

alt

Kie

Kie

alt

dif:

i
f
?

Stas

inte



49

IN'IROIIJCI‘ION

Experimental and human infections byW- the

ausative agent of Chagas' disease - are accompanied (particularly

ring the acute period) by severe alterations of the hLmoral and

allular arms of the immune system (Brener, 1980; Kuhn, 1981; Clinton

$1, 1975; Teixeira gt_a_l, 1978; Maleckar & Kierszenbaum, 1983;

mos, Schadtler-Siwon & Ortiz—Ortiz, 1979) . This condition has been

agarded as a means by which the parasite eludes immunological defences

tile it establishes itself in the host (Brener, 1980; Kuhn, 1981) .

midiee with murine model systets of Chagas' disease have produced

'idence suggesting several mechanisms of imrmnosuppression, including

.teration of accessory cell function (Cunningham & Kuhn, 1980;

.erszenbamm, 1982) , reduced levels of T cells in the spleen (Hayes &

.erszenbaum, 1981) and altered lymphokine-producing ability

Larel—Bellan Lal, 1983; Reed, Inverso & Roters, 1984, 1984a;

rleton & Kuhn, 1983). In contrast, our knowledge of human lymphocyte

terations in human T. cruzi infection is negligible and, given the

ffereneee between murine and human Chagas' disease, extrapolations

uldbelmwarranted. Inthiswork, an invitrosystemwasusedto

udy the effects of T. cruzi on human lymphoproliferative responses

duced by mitogens. It will be shown in this paper that co-culture

th the parasite suppresses human lymphocytes at a relatively early

age of the activation process and that altered lymphocyte functions

clude a markedly reduced capacity to both produce and utilize

terleukin 2 (IL2) .



N
.

b1

“
W
H
E
—

m

 



50

MATERIALSANDMEI‘HOIB

Animals

The 4—week-old Crl-CD1(ICR)BR Swiss mice used to maintain and produce

bloodformsofT. cruziamlthefeialelewisratsusedasasou
roeof

spleen cells to produce I12 (IL2rat) were parohased from Charles River

Laboratory (Portage, MI)-

Parasites

Ihe Tulahuem strain of T. cruzi was used in this mark. 'I‘rypomastigotes

were purified from the blood of mice (infected intraperitoneally 2

weeks previously with 2 X 105 organisms) by density gradient

entrifugation over a mixture of Ficoll—Hypaque of density 1.077

(Budzko & Kierszenbaum, 1974) followed by cinematography through a

liethylaminoethyl-cellulose column (Villalta & Leon, 1979) . The

>arasites were washed twice by centrifugation (800 X G, 20 min, 4°C) in

{PMI 1640 medium containing L-glutamine (Gibco, Grand Island, NY),

enicillin (100 units/ml) and streptomycin (100 ug/ml). Parasite

uspensions were prepared at the desired concentration (see Results) in

be same medium supplemented with 5% heat—inactivated (56°C, 20 min)

etal bovine serum (FBS, Gibco (RH/11+5%FBS). In some experiments,

rypanosomesgrown incultures ofratheartmyoblasts (Lima&

ierszenbamm, 1982) or epimastigotes grown in Warren's medium (Warren,

969) Were used. When killed blood trypa‘nastigctes were needed, the

:ganisms were incubated with 0.025% glutaraldehyde in

iosphate-buffered saline (20°C, 2 min), washed by centrifugation,
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quenched with 0.1M lysine in phosphate-buffered saline and washed twice

with RIMI+5%FBS.

Mitgens

Concanavalin A (Con A), phytohemagglutinin (FHA) and pokeweed mitogen

(PWM) were purchased from Sigma Chemical Co. (St. Louis, ND) .

IL2 preparations

The 112-containing supernatant used to maintain HT-Z cells (see below)

was prepared by stimulating rat spleen cells (1 x 106 cells/ml) with 2

pg Con A/ml in the presence of 5 X 10’5M 2-mercaptoethanol, using the

medium described above. The supernatants were collected after

incubating these cultures at 37°C and 5% CD2 for 48 hr in an atmosphere

saturated with water vapor, and stored at -20°C until used. This

material will be referred to in the text as IL2rat. purified human

IL2 (ILZPh) was purchased from Collaborative Research (Lexington, MA) .

Crude preparations of human ILZ (IL'zch) consisted of the 48-hr

supernatants of peripheral blood mononuclear cell (PEMC) (5 x 106

PMC/ml) cultures stimulated with 25 pg FHA/ml (Tilden & Balch, 1982) .

In some cases, production of 1142,711 in the presence or absence of L

cruzi was compared; the concentration of parasites, when present, was 5

 

X 106 organisms/ml and all other conditions remained the sane.

CLll§

Ihe PHVIC used in this work were from healthy volunteers. Their

purification was by centrifugation over Lymphoprep (Nyegaard, Oslo) at

340 X G and 20°C for 45 min and they were washed three times with

serum-free REMI 1640 nedium prior to use; cell viability, determined by

:rypan blue dye exclusion, was always >9995. ‘I‘He final suspensions of
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these cells were prepared in RPMI+5%FBS. 'Ihe IL2—dependent HT-Z cell

line (kindly provided by Dr. Phillippa Marrack from the University of

Colorado Health Sciences Center, Denver, CD) was used to neasure IL2

activity in biological fluids. These cells were maintained in

mavens at 37°C by mixing equal volumes of cell culture and the

Karat preparation (see above).

Depletion of nomific—esterase—msitive cells

Suspensions of name (3.5 ml at 5 x 106 cells/ml) were incubated at 37°C

(5% C132 incubator) for 1 hr in a 60—mm diameter sterile plastic petri

dish. 'Ihe nonadherent cells were removed and subjected to the same

procedure once more, and then centrifuged (280 X G, 10 min, 4°C) . 'Ihe

adherent, nonspecific—esterase— positive cells were further depleted by

chromatography over a Sephadex G~10 (Pharmacia, Piscetaway, NJ) column

(Mishell, Mishell & Shigii, 1980). The nonspecific esterase test has

(been described (Yam, Li & Crosby, 1971).

Blmenesis assay

Cell cultures were set up in triplicate in 96-well microculture

plates. Each culture contained 1.25 X 105 PBMC and the appropriate

mitogen concentration (see Results) in a total vollme of 0.1 m1. When

parasites or other reagents were to be present, they were contained in

0.025 ml and substituted for the equivalent volume of RM+5%FBS. All

cultures were incubated at 37°C and 5% C02 for 96 hr (unless otherwise

stated) and pulsed with 1 (Lei 3H—thymidine (specific activity 2

QmCi/mmole, Amersham, Arlington Heights, IL) during the last 24 hr.

Cultures were interrupted by harvesting (MASH II, FLA. Bicprcducts,
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Walkersville, MD) and radioactivity was neasured in a liquid

scintillation spectrometer.

Absorption of Con A solutions with T. cruzi

Solutions of Con A (concentrations described under Results) were

incubated with 5 x 105 blood forms of T. cruzi per milliliter at 37°C

(C02 incubator) for 24 hr. The parasites were then removed by

filtration through sterile 0.22-um Millipore filters (Bedford, MA). The

filtrate was used as the culture nedium in blastcgenesis assays to test

PBVIC responses to the residual amount of mitogen.

Incubation of RHVII+5%FBS with T. cruzi

After incubating RPMI+5%FBS nedium with or without 5 X 106 blood forms

of T. cruzi per milliliter at 37°C ((1)2 incubator) for 4 days and

filtration (0.22 um pore size), the filtrates were used in

blastcgenesis assays to test PHVIC responses to various concentrations

of Con A.

Measurement of IL2 activng

Cultures of HPZ cells were set up in triplicate in microculture wells,

each containing 4 X 103 cells. The final volume of these cultures was

0.2 m1, including 0.1 ml of two-fold dilutions of the biological

I, material to be tested. The alltures were incubated at 37°C for 48 hr

(5% C112) and pulsed with 1 uCi 3H-thymidine during the last 24 hr.

Cell harvesting and measurement of radioactivity incorporated into

1 synthesized IIIA was as described above.

T. cruzi incubation with IL2ch

. Solutions of Inch were incubated with purified blood trypomastigotes

; at final concentrations varying from 1.25 X 106 to 2 X 107 organisms/ml
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at 37°C for 48 hr. After removing the parasites by filtration through

sterile 0.22-mn—pore—size filters, the filtrates were tested for IL2

activity as described above. For control purposes, aliquots of new

were subjected to the same conditions except that the parasites were

absent.

Presentation of results and statistical analy_s_is

Each set of results presented in the tables is typically repre—

sentative of two to four experiments with a similar protocol. The

results represent the nean of triplicate determinations i 1 SEM.

Differences between neans were considered to be statistically

significant if P50.05 by Student's "t" test.



S
.

u
]

e

 

m
m
u
w



55

S_uppression of MC wnses to mitgens El T. cruzi

When present in the cultures, purified blood fonts of T. cruzi

suppressed PHdC responses to Con A (Table 1). The concentration of Con

A producing optimal responses varied among repeat experiments (data not

shown), probably due to the use of PBMC from different donors and

different babies of the mitogen. Meyer, significant suppression by

T. cruzi was observed in all experiments. Altl'milgh in some experiments

a significant reduction of PHVIC responses to the tested mitogens was

produced with 2.5 x 105 blood forms/ml, the minimal concentration of

parasites causing such effect in most experiments was 5 x 106

organisms/ml and was used in all subsequent experiments. Of interest,

tissue culture-derived trypomastigotes and epimastigotes grown in an

axenic medium also suppressed Con A-induced lymphoproliferative Pmc

responses (data not shown).

The suppressive effect of blood trypomastigotes was also seen when

either PHA or PWM were used to stimulate the PEMC and occurred over a

wide range of mitogen concentrations, including suboptimal, optimal and

supraoptimal doses (Table 2).

Since T. cruzi can bind Con A and PHA (Pereira i114, 1980), we

considered the possibility that the parasite might have reduced the

concentration of these mitogens to suboptimal levels. To test this

pOSSibility, Pmc were stimulated with solutions of Con A or PHA which

had been either absorbed with 5 x 106 organisns/ml for 24 hr or mock-

absorbed without parasites. Absorption of Con A solutions with
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Table 2. Suppression of PEMC responses induced with suboptimal,

optimal and supraoptimal concentrations of Con A, PHA or PWM by

blood forms of T. cruzi

Mitogen Mitogen concent. 3H—Thymidine incorporation (cpm X 10'3)

___usfl)_Parasitesabsent_—_____D_Pamsitesresent

con A 0 1.4 1 0.2 1.6 1 0.4

0.4 14.4 1 1.0 1.4 1 0.11

4 45.2 1 2.9 2.0 1 0.11

8 40.5 1 1.0 2.9 1 0.01

16 1.9 1 0.6 1.1 1 0.1

PHA 0 0.7 1 0.1 2.2 1 0.2

6.3 27.6 1 1.0 1.3 1 0.11

12.5 18.7 1 0.2 0.3 1 0.11

25 42.9 1 1.6 5.7 1 0.21

50 26.8 1 0.3 2.3 1 0.31

PWM o 0.2 1 0.0 0.1 1 0.0

2.5 3.3 1 0.4 0.4 1 0.02

5 2.9 1 0.1 0.9 1 0.12

10 2.8 1 0.2 1.3 1 0.12

The experiments with each mitogen were conducted separately.

1'2 1150.001 and p50.05, respectively, for reductions in cpm with

respect to the corresponding control value (parasites absent).
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Significant PBMC stimulation was also produced by solutions of BIA

after absorption with T. cruzi.

Also considered were the possibilities a) that T. cruzi consumed

nutrients required for optimal lymphocyte proliferation and b) that

reduced levels of 3H-thymidine incorporation resulted from a greater

loss of PHVIC viability due to the presence of T. cruzi. A conditioned

incorporation by PEMC as mock-absorbed medium (Table 4). When the

proportions of trypan-blue-excluding PEMC were determined in Con A—

stilmllated cultures at the end of the 96-hr incubation period, the

values obtained in the absence of T. cruzi in repeat experiments were

77 to 83% whereas in the presence of the organisms the corresponding

values were 72 to 74%.

We also investigated whether monocytes/macrophages, whose aocesory

cell function may have been altered upon their infection by T. cruzi,

were a requirement for parasite-induced suppression to occur. When

PEVIC populations wl'iose monocyte/macrophage contents had been reduced

from 6-9.7% to <0.7'%'. were stimulated with Con A or HIA in the presence

of T. cruzi, their responses were still significantly suppressed.

Thus, the lymphocyte responses in the presence of medium alone, 8 [lg

Con A/ml and 25 pg FHA/ml were 4002 i 1618, 29,768 i 900 and 52,743 i
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Table 3. mitogenic capacity of solutions before and after absorption

with a suppressive concentration of T. cruzi

Mitogen 3H-’Ihymidine incorporation .(cpm x 10'3) after

Mock absorption T. cruzi absorption

None 7.6 i 0.4

Con A 4 ug/ml 21.1 _-t 2.3 5.1 i- 1.4

Con A 6 lag/ml 6.3 i 0.3 19.5 i 1.0

Con A 8 pg/ml 6.5 i- 0.3 17.0 i 1.0

None 7.7 1- 0.5

BIA 5 ug/ml 55.5 i 0.2 50.6 i 3.3

PHA 7.5 Aug/ml 55.9 i 1.2 45.7 i 3.6

FHA 10 nag/ml 55.4 i- 1.5 42.4 i- 3.1

'Ihe solutions of Con A and PHA were mock-absorbed (same physical

treatments, no parasites) or absorbed with 5 x lo6 parasites/ml for 24

hr, filtered timgh 0.22-pm-pore-size filters, and then used to

stimulate PEVIC in 96-hr cultures in the absence of parasites. The

cultures were pulsed with 1 pci 3H-fl1ymidine during the last 24 hr.

..m4
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Table 4. Ability of RPMI+5%FBS medium to support Con A—induced

responses after incubation with T. cruzi

Con A 3H-thymidine incorporation (cpm X 10'3) in

(pg/ml) Untreated medium Medium preincubated with parasites

0 3.5 i- 0.1 3.3 i 0.1.

4 24.9 i 0.6 21.9 i- 0.3

6 31.5 1- 0.9 23.1 i 0.4

8 31.1 i 3.9 19.0 i 0.6

‘Ihe 96-hr PBMC cultures were performed in the absence of T. cruzi.

The culture media consisted of filtered (0.22-um filter) RIMI+5%FBS

which had been incubated in the absence ("Untreated") or presence of 5

x lo6 parasites/ml. Con A was added at zero time. The cultures were

sed with 1 uci 3H-thymidine during the last 24 hr.
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1443 cpm, respectively, whereas in the presence of 5 x 106 parasites/ml

the responses amounted to 3832 _-+_- 1133, 17,248 i 496 and 15,367 i 348

cpm, respectively.

No suppression was seen when gluteraldehyde-killed blood

trypomastigotes were substituted for living organisms in the PEMC

cultures (data not shown).

Experiments were then designed to establish the period of time

during which the suppressive effect of the parasite was exerted. In

these PEMC cultures, trypomastigotes were added at various times after

mitogenic stimulation. Maximal suppression was produced when the

organisms were present in the cultures from the beginning (zero time),

although significant suppression occurred when the parasite was

incorporated into the PHVIC cultures 24, 48 or 72 hr later (Table 5) .

Effect of T. cruzi on IL2 production and utilization

Since IL2 is produced by stimulated T cells and plays a key role in

lymphocyte proliferation, we set out to establish whether T. cruzi

suppressed PEVIC responses by affecting IL2 production. levels of 112

were measured after 48 hr of PBMC incubation with 25 Lag/ml PHA in the

presence or absence of 5 x 106 blood trypomastigotes per ml. As shown

in Table 6, the levels of IL2 activity found in the filtrates of PHA-

stimulated PEMC cultures were significantly smaller when the parasites

were present. If T. cruzi suppressed mitogen-irduced responses by PBMC

merely by impairing IL2 production, exogenous IL2 should correct the

deficiency, as was seen by investigators who studied antibody

production to T. cruzi-unrelated antigens by lymphocytes from infected

mice (Reed et a1, 1984,1984a; Tarleton & Kuhn, 1983).
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Table 5. Effects of addition of T. cruzi at different times after

PHvIC stilmilation with Con A

Time of addition 3H—thymidine incorporation (cpm X 10'3)

of T. cruzi (hr) PBMC alone PM + T. cruzi (95ml

0 43.4 i 1.2 11.2 i- 0.9 (74.2)

24 45.0 i- 2.2 30.0 i 0.7 (33.3)

48 47.4 i 1.3 31.1 1- 0.7 (33.4)

72 41.5 i 0.4 27.7 1- 1.7 (33.3)

Ninety-six-hr cultures; stimulated with 6 ug Con A/ml and

pulsed with 1 uci 3H-thymidine during the last 24 hr.

1 96R, percent reduction in cpm due to the presence of

parasites. All %R values represent statistically significant

reductions in cpm (P50.05).
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However, exogenous Iszh failed to restore PEMC responsiveness to (Jon A

in experiments in which the concentrations of the lymphokine was either

10 units/ml or 114 units/ml (Table 7). These results led us to examine

the possibility that the parasites were absorbing IL2, making it

unavailable to the PHVIC. Encperiments were conducted in which new

(produced under the same conditions as used to elicit PBMC responses

with PEA) was irmbated with suppressive concentrations of T_._cru_zi.

The results showed that 5 x 105 organisms/ml did not remove significant

amounts of IL2 activity (Table 8). Similar results were obtained when

the parasite concentration was increased up to four—fold (data not

shown) .
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DISCIJSSION

Our work produced results showing that living but not killed L

g-u_zi can suppress human lymphocyte responses to a variety of mitogens

and established experinental conditions to explore the possible

mechanism(s) .

AlthoughT. cruzi islmowntnabsorbConAandPHA (Pereiragc

a_1., 1980), two independent findings indicated that the parasite did

not reduce PIMC responses by making less mitogen available to them.

First, the suppressive effect of T. cruzi was seen over a wide range of

mitogen concentrations, including supraoptimal levels (Table 2) ,

minimizing the possibility that mitogen absorption solely accounted for

the reduced responses. Second, optimally stimulatory levels of Con A

and PHA remained in solutions of these mitogens after absorption with 5

x 106 parasites/ml (Table 3). We could also rule out the possibility

that T. cruzi competed with the Pmc for essential nutrients because

culture medium incubated with a suppressive parasite concentration

supported blastcgenisis as well as mock-treated medium (Table 4).

Since parasite-induced suppression was observed with PEMC

preparations before and after depletion of nonspecific—esterase-

positive cells, which includes monocytes and macrophages, it would

appear that the parasite could directly affect lymphoid cells.

However, the possibility that diminished accessory cell activity

resulting from monocyte/macrophage infection contributes to the noted

suppression can not be ruled out.

The extent of suppression of Con A-induced PBMC responses was

greater when the parasites were incorporated into the cultures at zero

  





68

time -i.e. , together with the mitogen- than when added after 24, 48 or

72 hr (Table 5) . These observations suggested that T. cruzi interfered

with the early stages of lymphocyte activation and that cells which had

madergone activation in the absence of the parasites were less or no

longer susceptible to the suppressive effect. However, the reduced

PH/ICrespcxxsesseenwhen these cellsweremixedwiththe

trypomastigotes 24, 48 or 72 hr after initation of the cultures were

statistically significant, and probably reflected a suppressive effect

of the parasites on lymphocytes activated by the mitogen at times later

than 0 time, including a sword generation of cells responding to the

mitogen.

We found lwer levels of IL2 activity in the supernatants of PHA-

stimulated PEMC when T. cruzi was present (Table 6). Reduced IL2

activity has also been reported by investigators studying suppressed _i_n

vi_tro antibody production by lymphocytes from T. cruzi-infected mice

(Reed gt_a_l, 1984, 1984a; Tarleton & Kuhn, 1983). However, we were

unable to restore PHVIC responses to Con A when exogenous Iszh was

added even at a relatively high concentration (114 units/ml) (Table 7).

Inthisrespect, curresultswithhuman PBMCwouldseemtodiffer from

those obtained by others with spleen cells from T. cruzi-infected mice

(Reed Lal” 1984, 1984a; Tarleton & Kuhn, 1983) , with which a certain

, degree of restoration was afforded by adding IL2. lIhis apparent

disagreement might be rooted in differences between species or be due

to the use of different assay systems: the induction of antibody-

, forming cells by antigens administered to infected hosts was measured

in the work with the mouse cells (Reed et a1. , 1984, 1984a: Tarleton &
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Kuhn, 1983) whereas our assay measured proliferative responses of

normal human lymphocytes to mitogens. It should be noted, however,

that Harel-Bellan _et__al_. (1983) , who used T. cruzi—infected mouse

spleen cells to measure Con A—induced lymphoproliferative responses

could not restore the responsiveness of these cells with exogenous I12.

Whether IL2 can correct some but not all types of lymphocyte

alterations caused by T. cruzi infection or by the addition of this

parasite to cell cultures is an interesting question deserving further

attention. The failure of exogenous IL2 to restore the

lymphoproliferative capacity of the PBMC might have been due to a)

absorption or consumption of IL2 by T. cruzi, b) an irreversible PEMC

alteration, c) a reduced capacity of PBMC to bind or respond to IL2,

and/or d) a need for additional cytokines whose production might have

also been altered. Since absorption with up to 2 x 107 parasites/ml

did not remove significant amounts of IL2 activity, removal of this

lymphokine by T. cruzi seemed unlikely. On this-basis, reduced levels

‘ of IL2 activity in PIE-stimulated PHVIC cultures containing the parasite

would probably be due to reduced production. The other three

possibilities remain open subjects for further studies.
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CHAPI'ERZ

Winhibits interferon-T production by mouse

spleen cells but not thnan peripheral blood lymphocytes
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ABS".T.'RI-\CII

Acutew;infection is accompanied by

inmmosuppression and co—culture of the parasite with mouse or human

lymphocytes curtails the proliferative capacity of these cells. As a

part of our studies to define how T. cruzi affects lymphocyte

functions, we examined in this work the interferon—1 (IFN-r)—producing

capacity of phytohenagglutinin—stimulated mouse spleen cells and human

peripheral blood mononuclear cells in the presence and absence of the

parasite. The levels of IIEN-T in the supernatants of parasite-mouse

spleen cell co—cultures were significantly lower than those found in

the supernatants of control cultures lacking the parasite. This

decrease was observed at both 48 and 72 h after mitogenic stimulation

and was not due to absorption or inactivation of the lymphokine by the

parasite since incubation of a solution of recombinant IFN-T with L

and did not reduce antiviral activity. The T. cruzi-induced

suppression of mouse spleen cell proliferation was not overcome by the

addition of IFN-T to these cultures nor was exogenous IFN-‘r able to

enhance the restorative effect of interleukin 2. Thus, deficient IFN-‘r

production did not appear to play a causative role in the reduced

proliferative response of the spleen cells. In contrast with the mouse

cell cultures, no significant decrease in IFN-r production was seen in

human peripheral blood mononuclear cell cultures containing a parasite

concentration which decreased murine IFN-T levels; yet the prolifera-

tive capacity of the human cells in response to phytohenagglutinin was

reduced. These results denote the ability of T. cruzi to inhibit IFN-T
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production by mouse spleen cells and reveal a notable difference in the

process of immosuppression of mouse spleen cells and human peripheral

blood mononuclear cells by T. cruzi.
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IN'IRDIIJCI‘ION

The acute phase of Mam—i infection in mice is

accompanied by several manifestations of immmosuppression, including

decreased interleukin 2 (IL2) production and a reduction in mitogen—

induced lymphocyte proliferation (8-10,13,22,23,32) . The parasite also

suppresses the capacity of normal mouse spleen cells to divide in vitro

after mitogen stimulation (14). The birding of I12 to its receptor on

T. lymphocytes triggers a number of intracellular events, including

stimulation of IFN—r production by T cells (5,24,35) and the

transduction of a signal for cell division (reviewed in 29) . Since

IL2 production by mouse spleen cells is decreased by T. cruzi, it is

thus possible that IFN-T synthesis may also be inhibited.

IFN-T plays an important role in host defense against microbial

invasion (reviewed in Ref. 7 and 34), and enhances the in vitro killing

of intracellular parasites, such as Toxoplasma gondii (17,19) ,

Ieishmania donovani (16) and T. cruzi (21,37), by macrophages. I_n

vii), IFN-T acts synergistically with anti-T. cruzi antibodies to

decrease parasitenia and prolong the survival of infected mice (20).

This lymphokine also affects the proliferative response of lymphocytes

to mitogens. In addition to its well-known growth inhibitory functions

(reviewed in Refs. 7 and 34) , IFN—‘r may also enhance T cell activity

(2,6,12,25,27), depending on the dosage and time of administration

(31) .

Given the roles of IFN-T in host defense and lymphoproliferation,

we have examined whether T. cruzi can alter production of this
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important lymphokine by normal murine or human lymphocytes and, if so,

whether this alteration plays a role in the suppression of lymphocyte

proliferation .
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MA'I'ERIAISANDMEIHOIB

Parasites. T‘rypomastigotee of T. cruzi (Tulahuen isolate) were

purified from the blood of Crl—CDl(ICR)BR Swiss mice (Charles River

laboratory, Portage, MI) infected intraperitoneally two weeks

previously with 2 x 105 organisms. The parasites were purified by

density gradient centrifugation over a mixture of Ficoll—Hypaque of

density 1.077 (3) followed by diethylaminoethyl—cellulose

chromatography (36) . After two washings by centrifugation (800 x g, 20

min, 4°C) , the parasites were resuspended at the desired concentration

in RPMI 1640 medium (Gibco, Grand Island, NY) containing 100 units

penicillin and 100 pg streptomycin per ml, and either 2.5 or 5% heat-

inactivated fetal bovine serum (56°C, 20 min) (RPMI+2.5%FBS or

RM+5%FBS, respectively).

Murine spleen cells (nSC) . suspensions of HSC from inbred CBA/J

mice (Jackson laboratories, Bar Harbor, ME) were prepared as described

previously (14) and resuspended at. a final concentration of 2.5 x 106

mSC/ml in RM+2.5%FBS.

Htmanperiyxeralbloodmnmclearcells (hPBJC). ThehPH/ICwere

isolated from the blood of healthy donors by centrifugation over

Ficoll-Hypaque (350 x g, 45 min, 20°C). After three washings (350 x g,

10 min, 4°C) in serum-free RPMI 1640 medium, theW were resuspended

at 1.25 x lo6 cells/ml in RPMI+5%FBS. Cell viability, determined by

trypan blue dye exclusion, was always >99%.

(Jo-ollture conditiors. Suspensions of mSC were incubated in the

presence or absence of 5 pg/ml phytd'zemagglutinin (FHA-P; Sigma
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Chemical Co., st. Iouis, MD) with or without 2.5 x 106 T. cruzi/ml,

Lmless otherwise noted. The cultures were incubated at 37°C (5% (1)2)

for the desired periods of time (see Results). ollturee of hPBMC were

treated similarly except that the final parasite concentration was 5 x

106 organisms/ml. These concentrations of T. cruzi were selected

because they represent the minimal levels which consistently produce

immmoeppressioml under optimal stimulatory corditions for mSC and

hpmc (l; Beltz and Kierszenbaum, unpublished results).

Measurement of IFN-‘r. Cultures of mSC or hPEMC were incubated in

24-well plates in a volume of 1 ml for 48 or 72 h under the conditions

described in the preceding paragraph. Cells and parasites were removed

by passage through 0.22-mt—pore—size filters and the filtrates were

stored at ~70°C until assayed for TEN-r. Murine IFN-‘r activity was

determined by a plaque reduction assay using mouse L-929 cells and the

Indiana strain of bovine vesicular stomatitis virus (30). The titer

was expressed as units/ml corresponding to the reciprocal of the

highest dilution to reduce plaques by 50%. In this assay, one unit was

equivalent to 0.88 mm 9002—9041511 reference units. Identification of

the antiviral activity as IFN-T was provided by its lability at pH 2

and inhibition by anti—murine II~TN~1r antibodies (a gift of Dr. E.

Havell, Trudeau Institute, Saranac, NY). Human IFN— was assayed using

a radioimmunoassay kit (Centocor, Malvern, NY). This system uses two

antibodies directed at different epitopes of IFN-T and is designed to

detect only biologically active IFN-T.

Absorption of urine TIN—1. Recombinant murine IFN-r (specific

activity = 2.3 X 107 units/mg protein; a gift from Genentech Inc. ,
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South San Francisco, 0A) was incubated in 24-well plates at a

concentration of 500 units/ml in RPMI+2.5%FBS in the presence or

absence of 5 or 10 x 106 T. cruzi/ml at 37°C for 48 h. After passage

of the supernatants through 0.22-um-pore-size filters, residual IFN-T

activity was determined as described above.

Wproliferation assays. Cultures of mSC or hm were

incubated in the presene or absence of T. cruzi in 96-well plates in a

volume of 0.1 ml in the manner described under Clo-culture conditions.

mogenous rwombinant murine IFN-T, partially purified hlmlan IFN-r

(Meloy laboratories, Springfield, VA), and/or recombinant glycosylated

human IL2 (Genzyme, Boston, MA) were added to some of the cultures at

the desired concentrations (see Results). The lymphokines, when added

to the cultures, replaced an equivalent volume of medium. The cultures

were pulsed with 1 uCi 3H—thymidine (specific activity = 2.0 Ci/mmole;

New England Nuclear Biotechnology Systems, Wilmington, DE) at 48 h

(mSC) or 72 h (hPEMC) and terminated 24 h later by automated

harvesting. Incorporated radioactivity was determined in a liquid

scintillation counter. All determinations were performed in triplicate

anitheresultswereexpressedasmeancmmtsperminngmistaniard

deviation .
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The levels of IFN-‘r activity in the supernatants of Him—stimulated

mouse spleen cells containing T. cruzi were found to be significantly

lower than those in parasite-free cultures (Table 1). This reduction

was demonstrable 48 h after the initiation of the cultures (decrease of

47%) but was more pronounced at 72 h (decrease of 259%) . Similar

resultswere foundwhen2 pug/ml ofconcanavalinAwasusedas‘Ule

mitogen (data not shown). T‘. cruzi neither secreted an IFN-r-like

activity nor did it induce unstimulated mSC to do so (Table 1).

The noted decrease in the levels of IFN-T in the culture

supernatants might have resulted from a reduction in the production/

secretion of this lymphokine or from its removal by the parasite. Tb

determine which of these possibilities explained our observations,

solutions of recombinant murine IFN-T were incubated in the presence or

absence of T. cruzi for 48 h and the amount of residual antiviral

activity was then determined. The amounts of IFN-r remaining in the

supernatants of oaltures after the absorption with T. cruzi did not

differ significantly from that in the mock-treated controls (p50.1) .

Thus, for example, in one of the experiments, the IFN-T activities of

the solutions after incubation with 5 x 106 or 1 x 107 trypomastigotes/

ml were 357 i 140 and 303 j: 51 units /ml, respectively, whereas 284 i

74 units/ml were detectable in control cultures to which parasites had

not been added. It should be noted that the concentrations of

parasites used for these absorptions represented two and four times,

respectively, the level which was sufficient to reduce IFN—r activity
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TABLE 1. T. cruzi—induced Inhibition of IFN-‘r Production by

PHA—stimulated msca

Material tested IFN-‘r (unitsgml)

48 h 72 h

mSC 530 530

T. cruzi 530 530

me + T.cruzi 530 530

T. cruzi + H-IA 530 530

mSC + HIA 58 67

mSC + FHA + T. cruzi 31 530

a The tested materials consisted of the culture supernat-

ants of mSC (2.5 x 106 cells/ml) and/or T. cruzi

(2.5 x 106 organisms/ml) in the presence or absence of 5 pg/ml

FHA. The supernatants were collected at the indicated times

after initiation of the cultures. This set of results is

typically representative of two separate repeat experiments.
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in stimulated mSC cultures (see Table 1).

The addition of T. cruzi to cultures of stimulated mSC decreases

lymp'loproliferation (14) . Because IFN-T is able to modify the

proliferation of T cells, either reducing or enhancing it depending on

the dose and the time of administration (30), the possibility that the

observed suppression in lymphocyte growth may have resulted from the

inhibition of IFN—T production by T. cruzi was explored. Varying

amounts of exogems recombinant murine IFN-T were added to the

cultures and their effects on 3H-thymidine incorporation by T. cruzi—

suppressed mSC were determined. As shown in Table 2, the addition of

IFN-T at concentrations ranging from 8 to 250 units/ml did not overcome

the suppressive effect. Higher IFN—r concentrations were not tested in

these experiments because preliminary results (data not shown) had

indicated that levels greater than 188 units/ml exert an inhibitory

effect on lymphoproliferation. This can also be seen in Table 2 for

the control result obtained with 250 units IFN-‘r/ml.

mogenous IL2 has been shown to restore the proliferative response

of FHA-stimulated mSC suppressed in vitro by T. cruzi (L. A. Beltz, M.

B. Sztein and F. Kierszenbaum, J. Immunol., in press). Since IFN-‘r has

been reported to affect the interaction of IL2 with lymphocytes by

increasing the expression of IL2 receptors, we tested whether IFN-r

would act synergistically with IL2 and enhance the restorative effect

of the latter lymphokine. The results indicated that treatment with 16

or 125 units/ml IFN-v did not overcome T. cruzi-induced suppression

when added together with suboptimal IL2 levels (50 units/m1) and did

not improve mSC responsiveness when a restorative concentration of IL2
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ThBL‘E 2. lack of Restoration by Exogenous IFN-‘r of the capacity of WA-

stimulated mSC to Proliferate after T. cruzi—induced

Sippressiona

IFN-r 3H-thym_idine incorpgration (m x 10'3) by % Decreaseb

(units/ml) so + FHA 80 + FHA + T. cruzi

0 15.2 i 1.0 0.8 1 0.0c 95

8 14.6 i 1.0 0.8 : 0.2C 95

16 15.9 i 0.8 0.7 i 0.20 95

32 14.6 i 0.4 1.0 i 0.40 93

63 14.7 i 1.7 0.9 i 0.5C 94

125 13.9 i 0.5 0.9 : 0.1C 94

250 4.6 i 0.7C 0.9 : 0.0C 94

a Recombinant murine IFN-T was added at the indicated concentrations

to entire; of mSC (2.5 x lo6 cells/ml) containing 5 mg lam/ml in the

presence or absence of 2.5 x 106 T. cruzi/m1. The cultures were

incubated for 72 h and 1 pCi 3H-thymidine was present during the last

24 h. This set of results is typically representative of three

separate repeat experiments.

b Percent decrease with respect to the corresponding control (mSC +

PHA, no IFN-T) .

c p50.05, for the reductions in cm with respect to either control,

i.e., mSC + PHA with or without IFN-T, as calculated by Student's "t"

test.
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(100 units/ml) was used (data not shown).

We next examined whether T. cruzi would inhibit IFN-r production

or secretion by hPETC. The presence of 5 x 106 parasites/ml in

cultures of FHA-stimulated hPHVIC did not lead to a significant

reduction in the levels of I‘r'N-T in the supernatants (decrease of 5% at

72 h; Table 3). This parasite comentration was twice that found to

consistently decrease murine IFN—‘r production (Table 1) and suppress

reproducibly mitogen-irduced lymphoproliferation of hPHvIC (1) . The

addition of exogenous human IFN-1 did not restore the suppressed

proliferative response of WC exposed to T. cruzi whether or not IL2

was present (data not shown).
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Table 3. Lack of Effect of T. cruzi on IFN—T Production by hPEMC

Material testeda IFN-‘r (unitsml)

48 h 72 h

hPEMC 55 S5

T. cruzi S5 $5

hPHdC + T. cruzi 55 S5

T. cruzi + FHA 55 55

hPEVIC + PHA 120 125

W + HiA + T. cruzi 96 119

a The tested materials consisted of the culture supernatants

of WC (1.25 x 106 cells/ml) and/or T. cruzi (5 x 106

organisms/ml) incubated in the presence or absence of 5 ug/ml

FHA. The supernatants were collected at the indicated time of

culture and IFN-T activity was assayed by mdioinmwmssay. This

set of results is typically representative of two separate repeat

experiments .
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DISCUSSION

These results showed that the presence of T. cruzi in cultures of

FHA—stimilated mouse spleen cells decreased the levels of IFN-‘r

activity in the supernatants (Table 1). This decrease was not due to

absorption, consumption, or inactivation of the lymphokine by the

parasite since irnibation of recombinant IFN-T with T. cruzi did not

lead to a loss in antiviral activity even when incubated with four

times as many parasites as were necessary to consistently suppress

lymphoproliferation and reduce the levels of IFN-‘r in our culture

system Therefore, the decrease in IFN-T levels was due to reduced

production or secretion of the lymphokine. We have previously reported

that the incubation of PEMC with T. cruzi does not lead to losses in

white cell numbers or viability and that the parasite does not remove

significant amounts of nutrients or mitogen from the cultures (1) .

Decreased proliferation by mSC from infected mice or by normal mSC

incubated with T. cruzi in vitro is paralleled by decreases in I122

(8,32; Beltz and Kierszenbaum, unpublished results) and IFN-T

production (Table 1). In contrast, T. cruzi is unable to decrease IL2

production by hPBMC under optimal culture conditions (L. A. Beltz, M.

B. Sztein and F. Kierszenbaum, J. Immunol., in press) and, as reported

herein, also has no significant effect on IFN—‘r production by hPHTC

(Table 3). Thus, there appear to exist notable differences in how the

parasite affects mSC and hPEMC responses to PHA.

IFN-r and IL2 are elements of a complex regulatory network and are

able to affect each other's synthesis and utilization (5,11,12,24,27,

35) , with IFN-T production being upregulated by IL2 (5,24 ,35) .
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Accordingly, antibodies to the IL2 receptor and dexamethasone, a drug

which blocks IL2 synthesis, decrease IFN-1 production by mitogen-

stimulated hPEdC (24). Furthermore, the addition of exogenous IL2 to

macrophage-depleted mixed lymphocyte cultures (5) and unstimulated

hpmc (35) induces IFN—r synthesis. Since T. cruzi decreases the

production of both I12 and IFN-T by mSC while having no effect on the

production of either lymphokine by hPEMC, it is thus possible that the

parasite's ability to inhibit synthesis of the former lynphokine is at

least partially responsible for the decrease in the latter. It should

be noted, however, that lymphocytes from mice infected with 11W

meg; have an impairment in IL2 but not IFN-T secretion (28) ,

demonstrating that normal IL2 levels may not be an absolute requirement

for optimal IFN-r synthesis and opening the alternative possibility

that T. cruzi may exert several independent suppressive effects on the

T cells.

A decreased capacity to produce IFN-T is characteristic of

lymphocytes from patients with lepromatous, but not tuberculoid,

leprosy (18) . Since leprosy is a spectrum of disease states with the

lepromatous and tuberculoid forms being the most and least pathogenic,

respectively, increased pathology in this condition appears to

correlate with a reduced capacity to produce IFN-T. A similar defect

is seen in susceptible, but not resistant, strains of mice infected

with Leishmania donovani (15) or L. major (26). Thus, the ability of

the host to produce IFN-r may determine the subsequent severity of the

disease.
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Inthecaseongr—ugi, severalen_1i_tr_‘gand_iLy_i19fiJflings

suggest a possible role of IFN-r in host defense. Thus, the addition

of IFN-r to cultures of both murine fibroblasts and macrophages

increases their resistance tom infection bym trypo-

mastigotes (21,37) . Furthermore, exogenous IFN-‘r acts synergistically

with anti-trypanoscmal antibodies to decrease parasitenia and prolong

survival of infected mice (20). The ability of Low; to reduce

IFN—r production by mSC thus might decrease the host's capacity to

eliminate the parasite.

T. cruzi has been reported to decrease mitogen-induced

proliferation of lymphocytes from either infected mice (8-10,13) or

humans (33) . This defect is also observed when the parasite is co—

cultured with mSC or hPHVIC from uninfected donors (1,14). While IFN-T

has been found to amplify lymphocyte responses to mitogenic stimulation

under certain circumstances (7,12,27,31), the data presented in Table 2

show that exogenous IFN-r could not overcome the suppressive effect of

T. cruzi. Therefore, it seems unlikely that reduced IFN-T production

lead to the T. cruzi-induced reduction in lymphoproliferaticn.

The capacity of mSC to produce IL2 is decreased following either

in vivo or in vitro exposure to T. cruzi (8,32; L. Beltz and F.

Kierszenbaum, unpublished results). The addition of IL2 to these

Suppressed cultures restores their ability to secrete immunoglobulin

(22,23,32) and to proliferate in response to mitogen stimulation (L. A.

Beltz, M. B. Sztein and F. Kierszenbaum, J. Immunol., in press).

Because IPN—r has been reported to increase the expression of IL2

receptors on both T cells (12,27) and monocytes (11) and higher levels
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of the 11.2 receptor allow cells to respond to lower concentrations of

I12 (4) , we tested whether IFN—r would enhame the restorative capacity

of I12. This, however, was not the case: IFN-‘r did not act synergist-

ically with IL2 or lower the concentration of IL2 required to achieve

nsc recovery (data not shown).

In conclusion, we have demonstrated a deficient capacity of mSC to

produce or secrete IFN—r after exposure to T. cruzi. While this

deficiency does not appear to be involved in the suppression of

lymphocyte proliferation, it nevertheless may decrease the resistance

of other host cells, such as macrophages, to parasite invasion and

growth. Furthemore, these results demonstrate a salient difference in

the suppressive activities of T. cruzi toward mSC and hPHVIC. Whether

this difference stems from the use of different populations of

lymphocytes or from an actual difference in mouse and human lymphocyte

responses to T. cruzi remains to be resolved.
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ABS'I'RAC’II

Co-culture of blood forms ofW- the causative

agent of Chagas' disease - with human peripheral blood mononuclear

cells impaired the capacity of T lymphocytes to express surface

receptors for interleukin 2 (IL2R) . This effect was evidenced by

marked reductions in both the proportion of Tac+ cells and the density

of Tac antigen on the surface of the positive cells, determined by flow

cytometry. The extent of the inhibition increased with increasing

parasite concentrations. Under optimal or suboptimal conditions of

stimulation with either phytohemagglutinin or monoclonal anti-CD3 -

specific for an epitope of the CD3-Ti human T cell antigen receptor

complex- the presence of T. cruzi curtailed the capacity of T

lymphocytes to proliferate and express ILZR but did not affect IL2

production. Furthermore, the addition of exogenous IL2 did not restore

the responsiveness of suppressed human lymphocytes but did when mouse

lymphocytes were used instead. Therefore, unlike mouse lymphocytes,

human lymphocyte suppression by T. cruzi did not involve deficient IL2

production and was accompanied by impaired 112 utilization. Co-culture

of human monocytes/macrophages with suppressive concentrations of '_I'_.

M increased interleukin 1 (IL1) production and the parasite did not

decrease IL1 swereticn stimulated by a bacterial lipopolysaocharide.

Therefore, the suppression of 112R expression and lymphoproliferation

is not likely to have been an indirect consequence of insufficient In

production due to infection of monocytes or macrophages. We have

previously shown that suppression of human lymphocyte proliferation by
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T. cruzi is not caused by nutrient consumption, absorption of IL2,

lymphocyte killing or mitogen removal by the parasite. Therefore,

these resultsuncoveranovel suppressivemedianisminducedbyL

gig, involving inhibited expression of ILZR following lymphocyte

activation and rendering T cells unable to rweive the IL2 signal

required for continuation of their cell cycle and mounting effective

immune responses.
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INI‘KDIIJCI‘ION

Chagas' disease - caused by the protozoanW‘is a

major health problem in South and Central America. Its acute phase,

bothinlaboratoryanimalsand inhumans, isawcmpaniedbyastate of

suppressed immunity believed to facilitate the establishment and

dissemination of the etiologic agent in the host (1-15) . Several

immunological abnormalities have been identified in mice infected with

T. cruzi, including increased levels of suppressor lymphocytes and

macrophages (1—4) and diminished levels of T cells (5) in the spleen,

impaired lymphocyte proliferation in response to mitogens (2,4-9) or

parasite antigens (10), suppressed antibody-forming capacity (11) and

impaired IL2 production (4,7,12) . How these abnormalities are induced

is not known and, unfortunately, differences in how mouse and human

lymphocytes are affected by T. cruzi make it difficult to extrapolate

these findings to human infection. Thus, murine splenic lymphocytes -

whether from infected animals (12, 16, 17) or co-cultured with the

parasite in vitro (Beltz and Kierszenbaum, unpublished results)-

display reduced interleukin 2 (IL2)—producing capacity, the

consequences of which are overcome by the addition of exogenous IL2

(12, 16, 17); this is not the case for human lymphocytes suppressed by

the parasite (15) . To study the early alterations that T. cruzi

induces in human lymphocytes and to explore the medianism(s) involved,

weusedaninvitrosysteminwhich lymphocytesarxi

monocytes/macrophages were incubated with the parasite in the presence

of lymphocyte—activating stimuli. We report that T. cruzi inhibits the

  





 

98

capacity of human T lymphocytes to express surface interleukin 2

receptors (IL2R) upon activation. This effect may render T lymphocytes

unable to receive the IL2 signal required to proceed with their cell

division cycle and mount significant levels of immunity.
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MATERIAISANDMEIHOIB

Parasites. Blood (trypomastigote) forms of Tulahuen strain L

_cin were isolated from the blood of Crl-CD-1(ICR) Swiss mice (Charles

River Breeding laboratories) infected 2 weeks previously with 2 X 105

parasites intraperitoneally. The parasites were purified by

centrifugation over a mixture of Fiooll-Hypaque of density 1.077 (18) ,

followed by chromatography through DEAE—cellulose (19). The eluted

organisms (100% trypomastigotes) were concentrated by centrifugation

(800 X g, 20 min, 4°C) and resuspended at the desired concentration in

RPME 1640 medium supplemented with 5% (vol/vol) heat-inactivated fetal

bovine serum and containing streptomycin at 100 pg/ml and penicillin at

100 units/ml (henceforth referred to as RPMHS) .

Perile blood mononuclear cells (PHVIC) . Normal PBMC from

healthy volunteers were purified by density gradient centrifugation

through a mixture of Ficoll-Hypaque of density 1.077 (350 x g, 20°C, 45

min). After three washings with serum-free RPMI 1640 medium, the cells

were resuspended at the desired concentration in RHVII+S. Cell

viability, determined by trypan-blue-dye exclusion, was >99%.

Mouse spleen cells. Single cell suspensions of inbred CBA/J mouse

(Jackson laboratory) spleen cells were prepared in RFMHS as described

(13).

Recombinant IL2. Recombinant, glycosylated human IL2 was

purchased from Genzyme (Boston, MA) -

Lwproliferation assay. PEMC were incubated in RIMES (5%

(132; 96-well plates) at 37°C for 96 hours with or without 0.6 or 5





100

pg/ml PHA (Sigma Chemical Co.) or 6 or 25 ng/ml anti-C03 (Ortho

Diagnostics) [a monoclonal antibody specific for an epitope of the T

cell antigen receptor complex CD3-Ti (20)] in the presence or absence

of T. cruzi. The culture volume was 0.1 ml. All conditions were

tested in triplicate. Each culture received 1 ”Ci 3H—thymidine 24

hours before termination by automated harvesting. Radioactivity was

determined in a liquid scintillation counter; the results were

expressed as mean counts per minute (cpm) i” 1 standard deviation. The

concentrations of PIMC and parasites at zero time, and after 48 and 96

hr of culture are given under Results. Viability was established by

trypan blue exclusion.

Measurement of IL2 activity. IL2 activity was determined in the

supernatants of 48—hour PBMC cultures set up as described above except

that the final volume was 1.5 ml and 24-well plates were used. lIhe

supernatants were passed through a 0.22-um-pore—size filter to remove

parasites if present and stored at -20°C until tested. The IL2-

dependent HT—z cell line was used to determine IL2 activity (15) and

theresultswereexpressedasunits/ml inreferencetoastandardIlZ

preparation (concanavalin A—stimulated rat spleen cell culture super-

ernatants) which was arbitarily assigned a value of 100 units/ml (21) .

Flow may: determinations. PEMC (1.25 x 105 cells/ml) were

incubated in RM+S (5% (132; 24—well plates) at 37°C for 48 hours with

FHA or anti—CD3 monoclonal antibody in the presence or absence of L

M. After 48 hours, the cells were washed three times with

phosphate-buffered saline pH 7.2 containing 1% bovine serum albumin

(Sigma) and were stained by treatment with anti-Tao monoclonal antibody
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[which recognizes an epitope of the human ILZR (22) and was kindly

provided by Dr. T. A. Waldmann, National Institutes of Health]

followed, after washing, by flourescein—conjugated F(ab')2 derived from

goat anti—mouse IgG antibody (Tago Immuncdiagnostics) . The cells were

fixed in 1% formaldehyde and were analyzed in a FMS IV flow cytometer.

Ten thousand PEMC, gated to exclude T. cruzi and cell debris, were

accumulated for each histogram. The percentage of IL2R+ cells [i.e.,

%Tac+ cells (22)] in each preparation was calculated after subtracting

the background of nonspecific labeling with MOPC—21 (a nonspecific IgG

derived from a mouse myeloma cell culture) and fluorescein—conjugated

F(ab')2 anti-mouse IgG. The mean channel number of the logarithm of

the fluorescence intensities (MFCh) was the parameter used to compare

the relative density of Tao antigen on the different Tac+ cell

populations. The logarithm of fluorescence intensities was distributed

over 256 channels.

Production and bioassay for interleukin 1 (IL1) . One ml of PEMC

suspension at 2.5 x 106 PEMC/ml was incubated at 37°C for 2 hours in

24-well plates; the adherent cells (>98% monocytes/macrophages by both

morphological criteria and positive staining for non—specific esterase)

were incubated with medium alone or containing 5 X 106 or 1 X 107

trypomastigotes/ml in the presence or absence of 20 pg/ml bacterial

lipopolysaocharide (LPS, Difco) at 37°C for 24 hours (5% CD2). Culture

supernatant dilutions were added to mouse thymocyte cultures stimulated

with a suboptimal PHA concentration (1 pg/ml) as described in detail by

Meltzer and Oppenheim (23) . The results were expressed as cpm

representing 3I-I--thymidine incorporation by proliferating thymocytes.
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RESUIE’S

T. cruzi inhibits IL2R Qgression El human 1%. In the

presence of bloodstream forms of T. cruzi, Pmc stimulated with FHA

showed a markedly decreased capacity to express surface 112R. This

effect was parasite concentration dependent (Table 1) and was evidenced

byadecreaseinthepropartion ofIL2R+cellsaswellasinthe

I density of T‘ac antigen on the surface of the positive lymphocytes

whether optimal or suboptimal PHA concentrations were used (Fig. 1).

To establish whether this effect was also produced under

conditions known to mimick antigen-induced lymphocyte activation (23) ,

we carried out similar experiments using anti-CD3 as the stimulant.

The results demonstrated that T. cruzi also impaired IL2R expression in

this case whether the lymphocytes were stimulated with optimal or

suboptimal amounts of anti-CD3 (Fig. 1). T. cruzi did not stain

positively for Tao antigen [i.e. , did not bind anti-Tao or the

fluorescein—labeled F(ab')2 anti-mouse IgG] whether or not co-cultured

withPBMCinthepresencecrabsencecfPHAoranti—Cm, anddidnot

respond to recombinant IL2 (20 to 250 units/ml) with altered levels of

3I-I-thymidine incorporation (data not shown).

T. cruzi has been shown to suppress 3H—thymidine incorporation by

Pmc stimulated with suboptimal or optimal HiA concentrations (15) .

TheresultspresentedinTablezindicatedthatthiswasalsothecase

when the lymphocytes were triggered with suboptimal or optimal

concentrations of anti-CD3. Under the suboptimal or optimal

stimulatory conditions used in the experiments described above (0.6 and
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'IABIEI

T. cruzi-induced mressicn of 112R expression

 

by human 1W3

T. cruzi/ml PHA % Tac+ cells (%V) MK!)

0 Absent <2

0 Present 46.3 114

1 x lo6 Present 34.9 (—25) 112

5 x 106 Present 25.5 (~43) 67

10 x 106 present 4.2 (-91) 86

a Olltures of PEVIC (1.25 X 106 cells/ml) with or without T. cruzi

were inalbated with or without 5 pg/ml PHA for 48 hr. The cells were

stained with anti-Tao and fluorescein-labeled goat F(ab')2 anti—mouse

IgG. The percentage of Tac+ cells was calculated after subtracting the

background of nonspecific labeling (see Materials and Methods).

Percent variation (%V) with respect to the value obtained with FHA

alone = [(value with parasites - value without parasites) / value

without parasites X 100]. This set of results is typically

representative of two separate repeat experiments.
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Figure 1. Effects of T. cruzi on ILZR expression by human

lymphocytes. PEMC were incubated at 37°C for 48 hours with FHA or

anti-CD3 monoclonal antibody in the presence or absence of 5 X 106 L

_cru_zi/ml. The cells were processed for flow cytometric analysis as

described under Table 1. (A) Responses to an optimal FHA concentration

(5 pg/ml): FHA, 55.0% Tac+ cells, MFCh 120; new. cruzi, 40.3% Tac+

cells, MFCh 103. (B) Responses to a suboptimal PHA concentration

(0.6 cells pg/ml): PHA, 28.6% Tac+ cells, MFCh 126; new. cruzi,

19.6% Tac+, mm 109. (C) Responses to an optimal anti-CD3

concentration (25 ng/ml): anti—CD3, 41.5% Tac+ cells, M01 137; anti—

CD3+JI‘. cruzi, 27.0% Tac+ cells, MFCh 121. (D) Responses to a

suboptimal anti—CD3 concentration (6 ng/ml): anti-CD3, 20.5% Tac+

cells, MFCh 133; anti-CD3+T‘. cruzi, 16.0% Tac+ cells, MFQ'I 117. In

control PBMC cultures (no PHA or anti-CD3) , the proportion of Tac+

cells never exweded 4%. The sets of data for PHA— and anti-CD3—

induced responses are representative of five and three separate repeat

experiments, respectively. ME‘Ch is the mean channel number of the

logarithm of the fluorescence intensity.
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TABLE 2

Effects of T. cruzi on the cagcipy of human 1% to

proliferate and secrete IL2 in gmnse to PHA or anti-CD3a

Mitogen 3H-thymidine incorporation I12 (units/ml)

PEHC PHVIC+T. cruzi (%V) PEMC PEMC+’I‘. cruzi

ma, 5 ug/ml 88.51-6.0 31.8:2.5 (-64) 353 435

HIA, 0.6 ug/ml 54511.1 23.51-0.6 (—57) 4 25

Anti-CD3, 25 ng/ml 36.7108 16.2i1.2 (-56) 31 18

Anti-CD3, 6 ng/ml 6.23:2.4 3.4106 (—45) 1 7

a PEMC (1.25 x 106 cells/ml) were incubated at 37°C for 96 hours

with FHA or anti-CD3 monoclonal antibody in the presence or absence of

5 x 106 parasites/ml. Each culture received 1 ”Ci 3H-thymidine 24

hours before termination. All values of 3H—thymidine incorporation are

expressed as thousand cpm. The background values obtained without

mitogen (0.2 and 7.0 for PEMC cultures without and with parasites,

respectively) were subtracted from those obtained in the presence of

mitogen. All differences between values obtained with and without

parasites were statistically significant (250.02, Student's "t" test).

IL2 activity was concurrently determined in the supernatants of 48-hour

PEMC cultures set up as described above. The differences between IL2

levels in the absence and presence of T. cruzi were not significant.

%V, see legend to Table 1. This set of data is typically represent—

ative of three repeat experiments.
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5 ug/ml HIA, respectively, and 6 and 25 ng/ml anti-CD3, respectively,

with 1.25 x 106 PBMC/ml) , the levels of IL2 activity found in the

supenlatantswerenotdecreasedbythetrypanosaresarriinoccasicnal

instances ILZ levels were, in fact, greater in the presence of the

parasite than in its absence. We previously reported that supraoptimal

culture conditions [i.e., higher mitogen (25 or 50 pg/ml FHA) and PBMC

(5 x lo6 cells/ml) concentratiors] result in reduced IL2 production in

the presence of T. cruzi (15) . When we tested the IL2R—expressing

capacity of human lymphocytes under these supracptimal conditions in

the presence of the parasite, the proportions of Tac+ cells in cultures

stimulated with 25 and 50 [lg/ml H—IA were 22 and 45% lower,

respectively, than those found in parasite-free cultures; IL2 activity

was reduced by 24 and 32%, respectively (data not shown).

A comparison of the concentrations and viability of the PEMC

revealed that the presence of the parasite caused no significant

difference in these parameters 48 hr after culture initiation. Thus,

for example, in a representative experimmt, the PEMC concentrations

measuredat48hrintheabsenceandpresenceofT. cruziwereleo6

(99% viable) and 0.9 x 106 (99% viable) PHVIC/ml, respectively, when no

mitogen was present. The corresponding values in the presence of 5

ug/ml PEA were 0.9 x 106 (99% viable) and 1 x 106 (99% viable) mac/ml.

The values obtained after 96 hr, in the absence of mitogen, were 6.5 X

105 (99% viable) and 7.8 x 105 (92% viable) PBMC/ml, in the absence and

presence of parasites, respectively. FHA-induced lymphoproliferaticn

and the suppressive effect of the parasite were evident after 96 hr;

1.5 X 106 (96% viable) and 7.8 X 105 (90% viable) PEMC/ml were present
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in cultures lacking and containing the organisms, respectively.

Although there were some fluctuations in the 48- and 96-hr PHJC

concentrations from experiment to experiment, the differences or lack

of difference summarized in the preceding sentences were consistently

deserved. hiring the 96-hr culture there were minimal variations in

total parasite concentration. However, the proportion of

trypomastigotes (100% at the initiation of the cultures)- was reduced to

approximately 50% and 40% after 48 and 96 hr, respectively, whether

mitogen was present or not, the rest being amastigote-like organisms.

Epimastigote forms were not detectable. In the various experiments,

3H—thymidine incorporation by the parasites alone represented 5 to 15%

of the cpm obtained with parasites plus PBMC stimulated with 31A or

anti-CD3. This contribution, part of the background, was subtracted

from the experimental values presented in Tables 2 and 3.

We have previously shown that T. cruzi does not absorb, consume or

inactivate IL2 (15) , ruling out removal of this lymphokine by the

parasite as the suppressive mechanism. However, because lymphocytes

from infected mice recover their responsiveness to mitogens or antigens

after addition of exogenous IL2 (12, 16, 17) , and IL2 Lip—regulates the

expression of its own receptor (24) , we tested the possibility that the

lymphocytes affected by the parasite might have required more IL2 than

was produced by mitogen-stimulated PHVIC to normally express IL2R and

proliferate. As shown in Table 3, neither IL2R expression nor the

level of 3H-thymidine uptake returned to normality after addition of

250 units/ml I12. Similar results were obtained in experiments in

which doses of ILZ up to 600 units/ml were used and 3H—thymidine
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incorporation was determined (Table 4). In contrast, substantial and

total recovery of T. cruzi-suppressed mouse lymphocyte responses was

obtained with 100 and 250 units/ml 112, respectively.

We tested the possibility that T. cruzi may have inhibited IL1

production by human macrophoges/n‘onocytes, thus indirectly affecting

lymphocyte function. Macrophages/nonocytes incubated with suppressive

concentrations of T. cruzi secreted greater amounts of IL1 than

replicate 011m incubated witfmut the parasites (Table 5).

Furthermore, the parasite did not decrease IL1 production stimulated by

another inducer, IPS.
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TABLE 4

Restoration by exgenous IL2 of mouse but not human

proliferative mnses suppressed Q; T. cruzia

_______________________________________________________________

Cells I12 CElls Cells+ Cells+ Cells+ %S

from (U/ml) alone T. cruzi FHA MW. cruzi

 

Mouse 0 l.&i0.6 6.9i0.1 30.0iO.8 5.QiO.2 83

spleen 100 4.1:0.5 18.1i0.4 46.6:2.2 24.8iO.6 17

250 7.3i0.5 l4.7iO.2 51.7:2.3 35.2il.5 -17

Human 0 0.7i0.2 2.2:0.3 81.Qi2.0 36.liO.6 55

blood 100 l.3iO.l 2.3iO.4 78.3:2.9 36.5i0.4 55

250 2.Qio.5 2.9iO.9 85.411.0 36.2il.5 55

600 3.QiO.l 2.5i0.2 70.7:1.2 34.910.3 57

a Mouse spleen cells (2.5 X 106 cells/ml) were co-cultured

with 2.5 X 106 T. cruzi/ml for 72 hours (13). Human PBMC (1.25 X

106 cells/ml) were co-cultured with 5 x 106 T. cruzi/ml for 95

hours. PHA was used at 5 ug/ml. All values of 3H—thymidine

incorporation are expressed as thousand cpm. %S, percent suppres-

sion with respect to cells+PHA in the absence of exogenous IL2.

This set of data is typically representative of two repeat exper—

iments.
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TABLE 5

ILl production i_n; human mommaMges in the presence

or absence of I, mia

Supernatant of Supernatant dilution

momcytes/macrophages plus 1:6 1:18 1:54

No parasites 0.3 1- 0.0 0.6 i 0.1 0.6 i 0.2

5 x 106 T. cruzi/ml 6.7 i 1.8 3.3 i 0.3 3.2 i 0.6

1 x 107 T. cruzi/ml 5.7 i 1.7 3.2 i 0.6 2.3 i 0.4

LPS, 20 pg/ml ’ 9.4 i 2.1 5.2 i 0.8 1.2 i 0.3

LPS + 5 X 106 T. cruzi/ml 10.1 i 0.4 8.5 i- 1.8 4.3 i- 0.8

IPS + 1 X 107 T. cruzi/ml 8.8 i 1.8 7.1 i 2.1 3.0 i 0.5

a Monocytes/macrophages were cultured at 37°C in medium

alone or containing LPS in the presence or absence of T. cruzi for

24 hours. Dilutions of the supernatants were tested for potent-

iation of mouse thymocyte proliferation (3H-thymidine uptake)

induced with a suboptimal dose of FHA (23). The supernatant

dilutions represent final dilutions in the culture medium. Con-

trol values: Thymocytes in medium alone = 0.4 i' 0.1; thymocytes +

lPS= 0.4 i 0.0. All valuesareexpressed inthousand cpm.
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DISQISSION

These results reveal the ability of T. cruzi to inhibit ILZR

expression by human T lymphocytes activated either by a mitogenic

lectin or by engagement of their antigen receptor conplex with a

specific monoclonal antibody. As far as we law, this is the first

time that any parasite has been demonstrated to directly affect IL2R

expression, an early event in lymphocyte activation which plays a

crucial role in the ability of T cells to proliferate and mount J'Jmmine

responses.

The reduction in the percentage of cells expressing ILZR indicated

that the suppressive effect of T. cruzi was so pronounced as to

virtually abrogate this ability in a significant proportion of

lymphocytes. The impressive reductions in MFCh (a logarithm-based

parameter representing in our studies the surface density of Tac

antigen) indicated that even on those lymphocytes on which ILZR protein

was still expressed, the extent had been considerably diminished. If

theseconsequencesoflynphocyteexposuretoT. cruzioccurredalso'g

vii), they would be expected to impair the host's i1mmnocanpetence by

reducing lymphoproliferation induced by IL2 and inhibiting the

proliferation of important effector cells. This would in turn

facilitate the dissemination of T. cruzi during the acute phase of the

infection, i.e., when the parasite is present in tissues and/or body

fluids in larger numbers. In the latter context, it is noteworthy that

the parasite concentrations found in this work to suppress 112R

expression are in line with those found in the blood of acutely
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infected mammalian hosts. Furthermore, imnunosuppression most likely

develops at the lynphoid tissue level where parasite concentrations may

reach even higher levels, at least focally. Therefore, conditions

similartothoseusedinourstudiesarelikelytooccurinaaite

chagasic patients, in whom immunosxppression has been documented (l4) .

We previously demonstrated that human lymphocyte suppression

resulting from co—cnlture with T. cruzi is not due to nutrient

consmption since culture medium “spent" by the parasite was as

effective in supporting mitogen-stimulated P3110 proliferation as mock-

treated medium (15) . In that study we also showed that T. cruzi does

not absorb or consume 11.2, and that imminosuppression is not due to

increased PHVIC killing by the parasite. The latter observation was

confined in the present work. In addition, the parasite did not bind

anti-Tao or the fluorescein—labeled F(ab')2 anti-mouse IgG used as

"second antibody" and, therefore, could not have reduwd the

concentrations of these reagents in our flow cytometric studies. We

show now that T. cruzi increases, rather than decreases, IL1 production

by human monocytes/macrophages and does not decrease IL1 secretion

stimulated by another inducer. ‘Ihese results argue strongly against

the notion that the suppressive effects of T. cruzi, including

inhibited ILZR expression, could be a consequence of impaired IL1

production or secretion. Suppressed 112R expression without

commitant reduction of either IL2 production by lymphocytes or IL1

secretion by macrophages/monocytes appears to point to IL2R expression

as selectively affected by the parasite to inhibit lymphocyte

carpetence. Since IL2R protein expression starts around 12 hr after
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mitogenic stimulation, peaking at 48 to 72 hr (25—27) , the biochemical

event(s) targetted by T. cruzi is traced by our results to the very

early stages of lymphocyte activation.

Although IL1 secretion was not inhibited by T. cruzi and the

parasite has been shown to suppress mitogen-stimulated proliferation by

human lymphocytes even after monocyteflracmphage depletion (15) , the

present results do not rule out the possibility that T. cruzi may

suppress human lymphocyte function at least in part by altering other

monocyte/macrophage awessory cell function(s) . 'This possibility

deserves attention but, whatever the result turns out to be, the fact

will remain that ILZR expression was markedly inhibited by the

parasite.

T. cruzi—induced suppression appears to be achieved by different

pathways in mouse and human lymphocytes. 'Ihus, mouse but not human

lymphocyte suppression can be corrected by exogenous 112. Several

groups of investigators, using different experimental system, have

shown the recovery of immune responsiveness by lymphocytes from

infected mice (12, 16, 17) upon addition of exogenous IL2 and we report

here similar results for normal mouse lymphocytes suppressed in vitro

by T. cruzi. These observations suggest that II..2R are normally

expressed on the surface of the mouse lymphocytes since they would not,

otherwise, be able to transduce the lymphokine signal and recover. In

contrast, normal production of IL2 by human lymphocytes was readily

demonstrable in our studies and these cells were incapable of utilizing

either the endogenously produced or exogenously added IL2.
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Under optimal stimulatory conditions T. cruzi inhibited ILZR

expression without affecting IL2 production. However, the parasite

can, under supraoptimal conditions, suppress both ILZR and IL2

production (15; this paper) . These results infer that, regardless of

functional lymphocyte performance dictated by environmental conditions,

the parasite invariably inhibits ILZR expression. Thus, availability

ofIIZwouldnotappeartobeanimportant issueinthecaseofhtmian

lymphocyte suppression by 1.91mi probably e><plaining why the

increases in IL? levels occassionally brought about by the parasite

were nevertheless aworrpanied by impaired responsiveness. These

sporadic increases might have reflected decreased IL2 utilization due

to reduced IL2R expression or actually enhanced IL2 production.

However, the precise explanation for this phenomenon would not detract

from the fact that the suppressed expression of IL2R or lymphoprolif-

eration was independent of the presence of ample amounts of IL? in the

culture medium.

It is noteworthy that, occasionally, we observed that, whether FHA

or anti-CD3 was used, the typical decrease in surface density of Tac

antigen and suppressed lymphocyte proliferation were awompanied by

only a modest reduction in the percentage of 'I‘ac+ cells (<15%) . High

'Iac antigen density correlates with the presence of higher numbers of

high-affinity ILZR (F. miscetti, personal communication) which

internalize IL2 leading to lymphoproliferation (28—30) . In this light,

SJppressed proliferation and decreased Tac antigen density without a

concanitant significant reduction in the percentage of 'I‘ac+ cells could

result from altered expression of high-affinity 112R. Since high-
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affinity ILZR consist of an alpha chain (which contains the Tao

epitope) and a beta chain (31) , these results indicate that T. cruzi

might alter the expression of the beta chain as well as that of the

alpha chain. Much remains to be done before the mechanism of

suppressed ILZR expression reported herein is well understood. The

defect may exist at the level of transcription or translation of the

IL2R gene or in its transport to the cell membrane. Equally

interesting to know is whether other lymphocyte activation markers are

also affected and the means and mediators, if any, by midi T. cruzi

inhibits IL2R expression.

In closing, we would like to point out the possible usefulness of

theinvitrosystemusedinthisworktostudythemechanismofL

_cru_zisuppression in the exploration of early regulatory events in

human lymphocyte activation.
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Chapter 4

WDECREASESTHEWSIONOFWTHEWZ  
ANDIRANSFERRDJRECEPIORSHITNOTEALANEARLYMARKEROFLYMHJOCYTE

ACTIVATION
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ABTRACI‘

Acute infection with Worn—2i leads to a state of

depressed immune responsiveness, and co-culture of the parasite with

normal human peripheral blood mononuclear cells suppresses the ablility

of the latter to proliferate upon mitogenic stimulation. We have

previously shown that T. cruzi decreases the expression of the

interleukin 2 receptor (ILZR) , an early lymphocyte activation marker

which is required for T cell growth. In order to further explore the

initial stages of T. cruzi-induced immmosuppression,‘ we have

determined the earliest time at which a reduction in IL2R expression

may be seen. T. cruzi was found to suppress the expression of the IL2R

as early as 6 to 12 hrs after activation, the earliest times at which

this marker is found on the cell surface. Furthermore, this

suppression encompasses both the low and the high affinity forms of the

receptor. The expression of the transferrin receptor, another growth

factor receptor rmessary for lymphoproliferation, is also reduced -

this decrease not being observed until 48 hrs after stimulation. In

contrast, T. cruzi was unable to inhibit the expression of EM, the

earliest reported T cell activation marker, at times ranging from 6 to

24 hrs. Since the expression of the ILZR but not EAl was decreased at

12 and 24 hrs, the immmosuppression exerted by T. cruzi may be of a

selective nature, affecting only specific parameters of lymphocyte

activation. 'Ihis specificity may provide a key in overcoming the

parasite-induced immunodepression in the critical early stages of

infection.    
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INTROIIICI'ION

'111eau1tephaseof'I_‘rygn_osox_na__cru_z_i infectionismarkedbya

state of immunosxppressicn in both men (1,2) and mice (3-11). Oo-

culture of either normal mouse spleen cells (12) or human peripheral

blood mononuclear cells (PBMC) (13) with L__cru_z_i trypomastigotes also

decmases their proliferative response to a variety of mitogens.

Several investigators have reported a decrease in interleukin 2 (IL2)

production by spleen cells from infected mice (8,9). Since IL2 is a

lymphokine required for T cell growth and its addition to cultures of

lymphocytes from infected mice was able to restore immunoglobulin

production (9—11) and T cell blastcgenesis (Chapter 3), it appears that

deficient IL2 secretion is responsible for at least some of the

manifestations of T. cruzi-induced ilmmmosuppression in mouse spleen

cell cultures. This is not the case for human PEMC, where there is no

decrease in IL2 production under optimal culture conditions (Chapter 3)

and exogenous IL2 is unable to restore mitogen-stimulated T cell

proliferation (13) . The expression of IL2 receptors (IL2R) on PBMC,

however, is inhibited by T. cruzi (Chapter 3). This inhibition was

found to occur at 48 hrs after T cell stimulation, at which time

receptor expression peaks (14) .

In the present report, we have examined the expression of the IL2R

over time, in order to discover the earliest point at which T. cruzi

affects this activation marker. We also tested whether the decrease

included the biologically active high affinity form of the ILZR (15) .

Finally, we examined the specificity of T. cruzi-induced  
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immmmosmprossion by testing the effect of the parasite on the

expression of two other T cell surface activation markers.
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WERIALSANDME'I‘HOIB

Parasita. Trypcmastigotes of T. cruzi (Tulahuen strain) were

isolated from the blood of Crl—CDl(ICR)BR mice (Charles River

laboratory, Portage, MI) infected two weeks previously with 2 X 105

parasites. erification involved centrifugation over Ficoll—Hypaque

(density = 1.077) (16) followed by DEAE-cellulose chromatography (17) .

After two washings with RPMI 1640 (Gibco, Grand Island, NY)

supplemented with 100 units penicillin and 100 pg streptomycin/m1, the

parasites were resupended at a final concentration of 5 X 106

trypomastigotes/ml in the above medium containing 5% heat-inactivated

(56°C, 20 min) fetal bovine sermm (RH/II+5%FBS).

Reripheral blood Wear cells (Hit). Pmc were isolated as

previously described (13) and brought to a final concentration of

1.25 x 106 cells/ml in RIMI+5%FBS.

Indirect immmofluorescence. PEMC were incubated at 37°C for the

desired periods of time in 24-well plates in the presence or absence of

5 pg/ml phytohemagglutinin (PHA; Sigma Olemical Co., St. Louis, MO) or

OKI‘3 (Ortho, Raritan, NJ) at a concentration of 12.5 or 25 ng/ml

(depending on the batdl utilized). The final volume of the cultures

rangedfroml.5t02ml. T. cruziwasaddedtosomeofthewlturesat

their initiation and replaced an equivalent volume of RHdI+5%FBS. At

various times after mitogenic stimulation, cells were removed, washed

three times by centrifugation with phosphate-buffered saline containing

1% bovine serum albumin (Sigma) and imubated for 30 min with the

desired first antibody [anti-Tao, a gift of Dr. T. A. Waldmann,
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National Institutes of Health; OKIS (Ortho); anti-EAL a gift of Dr. S.

M. Fu, Oklahoma Medical Research Foundation, Oklahoma City, OK; or 12

[lg/ml control mouse IgG (Calbiochem, Ia Jolla ,C‘A)]. After two

washes,the cells were incubated with the second antibody, F(ab')2

fragment of flmrescein—conjugated goat anti—mouse IgG (1:6 dilution;

Tago Ilmmmodiagrostics, Burlingame, CA). Cells were fixed in 1%

formaldehyde and analyzed in a FACS IV flow cytometer, reading ten

thalsarxi PM for each condition and gating out T. cruzi and cell

debris. The percentage of positive cells in each assay was calculated

after subtracting the background labeling obtained with control mouse

IgG. The mean channel number of the logarithm of the fluorescence

intensities (MFCh) was the parameter used to compare the relative

density of the target antigens on the different populations. The

logarithm of fluorescence intensities was distributed over 256

channels.

High affinity 1251-112 binding assay. PBMC were incubated in the

24-well plates as described above in the presence or absence of 5 ,ug/ml

FHA with or without T. cruzi for 60-65 hrs. The cells were then washed

three times by centrifugation with Hank's balanced salt solution,

incubated for one hour at 37°C to remove endogenously produced IL2 from

the cell surface, meshed two additional times, and resuspended in

RH’II+10%FBS containing 25 mM mums and 0.1% sodium azide (binding

medium) . One million viable PM from each condition were incubated in

triplicate with 150 to 200 pM 1251-112 (specific activity = 900 ci/nM;

Amersham, Arlington Heights, IL) in binding medium in a total volume of

150 ml for 1 hr at room temperature. This concentration of IL2 allows
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binding to high but not low affinity 112R (18) . To determine the level

of nonspecific binding, 1 x 106 Halo were incubated in triplicate as

described above with ISO-fold molar excess of unlabelled ILZ (Cellular

Products, Buffalo, NY) replacing an equivalent volume of binding

medium. The reaction mixture was then layered over a cushion of 200 pl

of Hank's balanced salt solution containing 1 M sucrose and centrifuged

at 14,000 X G for 5 min. The supernatant was aspirated and the tip of

thetmbecontainingthepelletwasanalyzed inagamma counter

(Micrcuedic Systems, Horsham, PA) . The level of specific binding was

determined by subtracting the mean value of binding not inhibitable by

cold IL2 (nonspecific binding) from the mean value of total 1251-112

bourxitothecellsandwaseanessedindpm.
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The addition of T. cruzi trypomastigotes to cultures of rormal

Pmc decreased the expression of the IL2R (Tao antigen) (19) following

mitogenic stimulation (Table 1). This decrease was seen as early as 12

hrs after activation and persisted until at least 60 hours. In a

separate experiment, a reduction was also noted at 6 hrs, the earliest

time at which the receptor can be detected at the cell surface (data

not sham) . The decrease in ILZR expression encompassed both a

reduction in the mmnber of Tac positive cells and in the density of the

receptor on the positive cells (logarithm of MFCh) . Occasionally, the

decrease in the former parameter was very small or absent with,

nevertheless, a significant decrease in receptor density still

occurring (data not shown). Tao expression was inhibited by T. cruzi

in response to stimulation by both FHA and OK'I’3. T. cruzi did not

react with anti-Tao, removing the trivial explanation that the parasite

was absorbing this antibody and decreasing its availibity to the PEVIC.

The anti-Tao antibody reacts with both high and low affinity forms

of the IL2R (20) but only the former is believed to be active in signal

transmission (21,22) . In order to determine whether T. cruzi inhibits

the expression of the biologically active form of the IL2R, we next

performed binding assays using 125I--II..2 under conditions in which only

high affinity binding occurs. The data presented in Table 2 indicate

that T. cruzi inhibits the eXpression of the high affinity ILZR.

Indwd, the level of 1251—112 binding to FHA-stimulated pmc co—

cultured with the parasite was approximately equal to that found on
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Table 1. The Effect of T. cruzi on the Ebcpression of the ILZR by

Stimulated Pmc

Time % Tac+ cells of itive cells

(hr) mm PBGC+H~IA+T. cruzi PMC+0KT3 PMC-iOKIB-VI‘. cruzi

12 48.3 (103) 15.7 (89) 20.9 (106) 16.1 (94)

24 54.1 (112) 36.0 (88) 14.4 (100) 9.7 (95)

36 58.6 (121) 26.8 (90) 16.9 (101) 12.2 (91)

60 44.3 (123) 34.3 (92) 15.0 (88) 1.3

PEMCwere incubatedinthepresenceorabsenceofPHA (Slag/m1) or

cm (25 ng/ml) and/or T. cruzi (5 x lo6 organisms/m1) for the

indicated periods of time. Indirect immunofluorescence was performed as

described under Materials and Methods using a 1:1000 dilution of

anti-Tao as the primary antibody. Cultures of mo incubated alone or

in the presence of T. cruzi were tested simultaneously as negative

controls; less than 9% of the cells were positive for Tao. This set of

results is typically representative of four repeat experiments.
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Table 2. 'Ihe Effect of T. cruzi on the Binding of 1251-112 to the 112R

Under High Affinity Conditions

Material Specific IL2 Binding (dpm)

PHIIC 693

PEVIC + FHA 1819

PE‘IC + FHA + T. cruzi 570

T. cruzi 295

PBMC (l x 106 viable cells), which had previously been cultured

for 60-65 hrs in the presence or absence of FHA (5 ug/ml) and T. cruzi

(5 x 106 parasites/m1), were incubated with 1251-IL2 under conditions

of high affinity binding (150 pM 1251-112; 38,776 am) for 1 hr. After

removal of unbound radiolabel, the cells were analysed in a gamma

counter and nonspecific binding was subtracted from the total amount of

bound dpm to yield specific binding. Nonspecific binding was 373,

603, 461, and 668 cpm for PBMC, meme, PEMC+PHA~PL cruzi, and L

cruzi alone, respectively. All binding conditions were tested in

 

triplicate. 'Ihese results are typically representative of three repeat

experiments .
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nonactivated PBMC. T. cruzi itself bound insignificant levels of 125:-

ILZ, indicating that the parasite was not canpeting with name for the

ligand.

'IheIL‘ZRisoneofthe firstcell surfacemarkersof'l‘lymphocyte

activation. Recently, however, an earlier marker has been reported

(23) . 'Ihis molecule, named early activation antigen 1 (EM) , is

detectable on the surface of T cells 4 hrs after stimulation with FHA

and reaches maximal levels of expression at 18 hrs. In order to

determine earlier times at which T. cruzi may suppress T cell

activation, we next examined whether the parasite affected EAl

expression, and if so, at which time the effect was first observed.

The addition of T. cruzi trypomastigotes to cultures of PHVIC stimulated

with either FHA or OKI'3 had no effect on the expression of EM at times

ranging from6t024hrsofculture (Table 3). BoththenumberofEAl

positive cells and the density of EM per positive cell were similar in

the presence or absence of T. cruzi.

In order to further examine the specificity of the T. cruzi-

induced immunosuppression, the possiblity of alterations in the

expression of the transferrin receptor (TfR) , a late-appearing marker

of lymphocyte activation, was explored. T. cruzi inhibited the

expression of the T132 on cells tested between 48 and 120 hrs after

stimulation with either FHA or OKT3 (Table 4). No decrease was seen

whenthePIMCwereexaminedat 24hrsofculture, atimeatwhichlcw

but significant numbers of cells bore TfR on their surfaces. As with

the IL2R, the decreased expression entailed both a reduced number of

TfR positive cells and a large decrease in the receptor density.
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Table 3. Lack of Effect of T. cruzi on the Eh<pression of EM by

Stimulated PE’IC

Time % EA1+ cells (MFG) of filtive cells)

(hr) PEMC+PHA meant cruzi PEMC+OKT3 Pmc+0Kr3+T. cruzi

0 3.7 4.9 4.1 4.5

6 41.9 (79) 52.5 (88) 16.7 (73) 26.9 (71)

12 61.3 (86) 57.0 (87) 21.3 (76) 19.4 (74)

18 61.9 (88} 52.4 (94) 26.6 (77) 33.1 (80)

24 54.2 (89) 51.0 (92) 32.5 (78) 27.9 (81)

PEGGwere incubatedinthepresenceorabsenceofPHA (Slug/ml) or

one (25 ng/ml) and/or T. cruzi (5 x 106 organisms/ml) for the

indicated periods of time. Indirect jlmnmofluorescence was perfumed as

described under Materials and Methods using a 1:75 dilution of anti—EM

as the primary antibody. Cultures of PBMC incubated alone or in the

presence of T. cruzi were tested simultaneously as negative controls;

less than 5% of the cells were positive for EA1. This set of results

is typically representative of three repeat experiments.
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Table 4. The Effect of T. cruzi on the Expression of the Tflk by

Stimulated Pmc

Time % TfR+ cells (m of {gitive cells)

(hr) PEMEHIEHK PEMC+PHA¥T. cruzi 151%}HJKT3 IE!¥3HJKI3+T. cruzi

24 14.6 (97) 13.6 (106) 14.0 (105) 11.6 (109)

48 32.9 (148) 18.8 (128) 32.3 (147) 27.9 (121)

72 43.3 (170} 19.1 (116) 52.1 (160) 24.8 (110)

96 51.8 (172) 19.8 (103) 52.0 (155) 21.4 (104)

120 48.2 (157) 13.2 (103) 42.7 (134) 17.6 (102)

PEMCwere incubatedinthepresenceorabsemeoinA (Bug/ml) or

OKT3 (12.5 ng/ml) and/or T. cruzi (5 X 106 crganisns/ml) for the ‘

indicated periods of time. Indirect immnofluorescence was perfumed as

described under Materials and Methods using 0K1!) as the primary

antibody and following the manufacture's instructions. Cultures of

PmcirulbatedaloneorinthepresenceofLMweretested

simultaneously as negative controls; less than 8% of the cells were

positive for the TfR. This set of results is typically representative

of two repeat experiments.
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DISGJSSION

 

T. cruzi is able to decrease the expression of the ILZR as early

as 6 to 12 hrs after activation by either the mitogenic lectin FHA or

OKI‘3, an antibody directed at the T cell antigen receptor complex (24)

(Table 1). These times delete the earliest expression of this molecule

on the cell surface (14) and indicate that T. cruzi is able to suppress

very early during lymphocyte activation. The decrease in the

expression of this marker continued until at least 60 hrs, the last

time tested. Since ILZR expression peaks at approximately 48 hrs (14) ,

thisdecreasedoesnotappeartobeduetoameredelayinreceptor

expression.

The ILZR is composed of two chains, p55 and p75 (25-27). The high

affinity 112R (Kd = 10711 to 10'12) is composed of both p55 and p75,

while p55 alone is responsible for low affinity interactions with the

ligand (Kd = 10'8) (18,27,28) . Since physiological levels of I12 are

believed to be insufficient to allow binding to the low affinity

receptor (p55) and because p55 has a very short cytoplasmic tail which

may not function in signal transduction (21) , only the high affinity

form of the IIZR is believed to be active in vivo. This hypothesis is

strengthened by the finding that cells which express only p55 are

unable to transmit a signal for cellular division, but conversion to

the high affinity form of the receptor in these cells leads to ILZ

responsiveness (22) .

'Ihe anti-Tao antibody reacts with p55 (19) , and thus binds both

low (p55) and high (p55+p75) affinity forms of the rmeptor. Since low
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affinity receptors represent approximately 95% of the ILZR on the cell

surface (18) , immlnofluorescence studies using anti-Tao reveal

primarily the expression of this form of the receptor. lIhe data in

Table 1, therefore, demonstrate a reduction in p55 which occurs mainly

in the form of the low affinity receptor. In order to examine the

effect of T. cruzi on the levels of the biologically active high

affinity IL2R, we performed binding assays with 125I-II_.2 under

conditions which permit only high affinity binding. The data in Table

2 show that high affinity ILZR are also affected by T. cruzi. In fact,

the amount of 1251-112 bound by FHA-stimulated PEMC after exposure to

T. cruzi was approximately that of unactivated PEMC.

The above noted decrease in high affinity receptor expression is

corraborated by studies in which 125I-IL2 was cross—linked under

conditions of high affinity binding to the ILZR on the membranes of

activated T cells previously incubated in the presence or absence of L

cruzi. Analysis by SDS—PAGE revealed a significant reduction in the

 

levels of both p55 and p75 (Cuna and Kierszenbaum, personal

communication) . Since all of the p75 present on activated T cells is

believed to be coupled with p55, forming high affinity receptors (29) ,

the decrease in p75 expression is a second piece of evidence that L

cruzi decreases the high affinity form of the IL2R.

 

Reduced levels of Tac have been reported in several pathological

conditions, including pulmonary tuberculosis (30), AIDS (31,32), and

WM; infection (33). It should be noted, however, that

in the latter case, the reduction is due to action of suppressor cells

andisnotseenwhenthesetrypanosomesareco—culturedwith
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lymphocytes. B—adrenrgic agonists have also been reported to decrease

The expression but not high affinity I12 binding (34) , while in

systemic lupus erythematosus, the levels of high affinity receptors are

decreased while the Tao antigen is unaffected (35) . Our finding is the

first demonstration, to the best of our knowledge, that an infectious

agent is able to directly or indirectly inhibit the eiqlression of high

affinity 11.28..

The Tfl? is another growth factor receptor required for T cell

proliferation (36) which is expressed at late stages of lymphocyte

activation (37) . T. cruzi was also able to inhibit the expression of

this receptor (Table 4). This inhibition was observed from 48 to 120

hrs after PHVIC activation but was not seen when cells from a 24-hr

culture were examined.

The TfR appears on the cell surface after the expression of the

IL2R and antibodies to the latter block the appearance of the TR,

suggesting that the ILZR regulates the TfR expression (38) . Thus, the

decreased expression of the IL2R caused by T. cruzi may lead to the

reduction in the levels of the TfR. This may not necessarily be the

case, however, since a decrease in the expression of the ILZR is seen

in AIDS patients without a corresponding decrease in the TfR (31),

demonstrating that the expression of Tfl? may occur in the absence of

normal levels of 112R ard opening the possibility that T. cruzi

inhibits eadh of these receptors independently.

T. cruzi was found to have no effect on the amount of EM antigen

expressed on PHA- or CRIB-activated PHWC (Table 3). Normal levels of

this phosphoprotein were found on P540 incubated with T. cruzi for 6 to
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24 hrs. The lack of inhibition with respect to this marker may be due

to either an insufficient time of exposure of the PEWC to the parasite

or- to a specificity in the effects of T. cruzi upon lymghocyte

activation. In regard to the former possibility, it should be noted

that ILZRexpression is reducedby 12 hrs (Table 1), whereas EA1 is

expressed at normal levels as late as 24 hrs after activation (Table

3). As regards the later possibility, we have previously found that

under optimal culture conditions, T. cruzi inhibits IL2R expression

(Chapter 3) while not affecting the production of IFN-‘r (diapter 2) or

IL2 (Chapter 3), indicating that T. cruzi does indeed affect some but

not all parameters of lymphocyte activation. ’Ihis specificity may

provide a key in overcoming the parasite-irduced imminosuppression in

the critical early stages of T. cruzi infection.
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MC?

Wsuppresses T lymphocyte activation via the T

cell antigen receptor—CD3 (CD3—Ti) complex. This immmunosuppression

involves a decrease in the proliferative responsiveness of human

peripheral blood mononuclear cells (PEMC) , as well as the expression of

interleukin 2 receptors (IL2R) ,, but not the production of interleukin 2

(IL2) . In the present report, we have fourd that T. cruzi also

suppressed T cell activation through the CD2 alternative pathway.

Proliferative responses of PBMC to anti-T112 + anti-Tll3 were decreased

by co—culture with the parasite in a dose-dependent fashion. This

decrease was not due to deficient production of IL2, since levels of

this lymphokine were actually increased in the presence of T. cruzi,

butmaybedueinparttoadecreaseintheexpressionoftheILZR. 1;

_cru_zi decreased the percentage of cells expressing the IL2R and the

density of this marker following simulation via CD2, although to a

lesser degree than following activation by PHA. Both the upregulation

of the levels of T112 of the cell surface and the expression of T113

wereinhibitedbytheparasite. T. cruziwasthus foundtosuppress’l‘

cell proliferative responses by both the CD3-Ti and the T11 activation

pathways .  
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INTKDUJCI'ION

W,the parasitic agent of Chagas' disease, causes

a state of immmosuppression during the early, acute phase of infection

of both humans and mice (1—4) . 'Ihis suppression involves both the

cellular and the humoral arms of the immmme response in infected mice

(5-8) . Co-culture of T. cruzi trypomastigotes with lymphocytes from

normal mice or humans also decreases the proliferative response of

these cells to mitogens (9,10) and, in the case of hlmlan peripheral

blood mononuclear cells (PBMC) , to anti-CD3 (Chapter 3) , an antibody

directed against the CD3-Ti T cell antigen rweptor complex (11) . The

ability of T. cruzi to suppress responses of normal Pmc may lie, at

least in part, in a reduction in the expression of the 112R (Chapter

3). This reduction is not accompanied by a decrease in the production

of IL2 under optimal. culture conditions (Chapter 3).

In addition to the well—characterized CD3-Ti pathway of T

lymphocyte activation, several antigen-irdeperdent pathways have

recently been reported (12-14) . Of these, the CDZ pathway is best

Characterized (reviewed in 15). CDZ [T11, the sheep erythrocyte

receptor, lymphocyte function—associated antigen-2 (HA—2)] is a 50 kD

polypeptide that is expressed on all thymocytes and mature T cells

(15) . Meuer et a1 (12) produced monoclonal antibodies which reacted

with three distinct epitopes on C02. The T111 and T112 epitopes are

expressed on all T cells and are upregulated upon activation, while

T113 is found only on activated T cells and thymocytes. Anti-Tllz

antibody was also found to rapidly induce T113 expression (within 30
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min) (12) . The combination of anti-’I'112 ard anti-Tl13 antibodies

irduces resting T cells to produce IL2 (16), express IL2R (16) , and

divide (12) . Since CDZ is not associated with CDB-Ti on the cell

surface (17) , it thus represents an alternative pathway of T cell

activation.

In the present study, we have examined the effect of T. cruzi on T

cell activation through the CDZ alternative pathway and compared these

results with our previous findings with the CD3-Ti pathway.
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MATERIALSANDME‘IHOIE

Parasites. T. cruzi trypomastigotes (Tulahuen strain) were

isolated from the blood of Crl—CDl(ICR) swiss mice (Charles River

laboratories, Portage, MI) infected intraperitoneally with 2 x 105

parasites two weeks previously. The trypomastigotes were purified by

ceitrifugation (350 X g, 45 min, 20°C) over Ficoll-Hypaque of density

1.077 (18) ard DE'AE-cellulose cinematography (19). After two washings

with REMI 1640 medium (Gibco, Grand Island, NY) supplemented with 100

units of penicillin and 100 pg streptomycin/ml, the parasites were

resuspended at the desired concentrations in the above medium

containing 5% heat-inactivated (56°C, 20 min) fetal bovine serum

(RPMI+5%FBS) .

Peripieral blood mmnlear cells (FEB) . PHVIC were isolated

from the venous blood of normal donors by centrifugation over Ficoll—

Hypaqueasdescribedabove. Afterthreewashings inRPMI, them

were resuspeded at a final concentration of 1.25 X 106 cells/ml. Cell

viability, as determined by trypan blue dye exclusion, was always >99%.

Proliferaticxi assay. PEMC were incubated in 96-well plates in a

volume of 0.1 ml in the presence or absence of either 5 lag/ml

phytohenagluttinin (FHA; Sigma Chemical Co., St. Iouis, MD), 25 ng/ml

OKI'3 (Ortho Diagnostics, Raritan, 1U) , an antibody reactive with CD3,

or a 1:100 dilution of anti—'I‘llz ard anti-’I'113 monoclonal antibodies

(reactive with two distinct epitopes of C132; generous gifts of Dr. S.

F. Sdflossxren, Dana-Farrier Cancer Institute, Boston, MA). Some wells

also contained T. cruzi at concentrations ranging from 2.5 to 10 X 106
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parasites/ml, which replaced an equal volume of RHdI+5%FBS. Cultures

were incubated at 37°C, 5% 002 for 96 hrs, with 1 moi of 3H—thymidine

(specific activity = 2.0 Ci/mmole; New England Nuclear Biotechnology

Systers, Wilmington, DE) being present during the final 24 hrs.

oiltures were terminated by automated harvesting ard the levels of

incorporated radioactivity were determined in a liquid scintillation

counter. Resultswere expressedasmeancountsperminute (cpm) i 1

standard deviation of triplicate cultures.

H2 Assay. PHVIC were incubated in 24-well plates in a volume of

1.5 ml in the presence or absence of 5 ug FHA/ml or a 1:100 dilution of

anti-T112 + anti—T113 antibodies with or without 5 X 106 T. cruzi/ml.

At 48 of incubation, cultures were centrifuged (350 X g, 10 min, 4°C)

and the supernatant was clarified by filtration through 0.22 pin-pore-

size filters ard stored at -20° C until assayed for I12. IL2 activity

was determined using the IL2-dependent CELL-2 cell-line as previously

described (10). Results are expressed as units IL2/ml in reference to

a standard IL2 preparation of 48-hr concanavalin A—stimulated rat

spleen cell supernatants which was assigned a value of 1000 units/ml

(20).

Expression of the 112R. The cell pellet of the above described

cultures was washed three times with phosphate-buffered saline

containing 1% bovine serum albtmmin (PBS-BSA) and subsequently incubated

for 30 min with a fluorescein—conjugated antibody directed against the

IL2R, anti-2A3 (Becton—Dickinson, Mountain View, CA), following the

manufacturer's instructions. After fixation in 1% formalin, PE’IC

(10,000 cells per cordition) were analyzed in a FACS IV flow cytometer
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gated to exclude T. cruzi and cell debris. The percentage of IL2R+

cells was calculated after subtracting the backgrourd of nonspecific

labeling with flucrescein-conjugated anti-keyhole limpet hemacyanagin '

(Becton—Dickinson) . The mean channel number of the logarithm of the

fluorescence intensities (MF‘Oi), distributed over 256 channels, was

used to compare the relative density of the 112R on the different

positive pqiulaticns.

Determination of the expression of T112 and 'I'll3. Cultures of

PE’ICsetupin24-wellplatesinthepresenceorabsenceofPHAas

described above were incubated for periods of time ranging from 6 to 24

hrs, washed with PBS-BSA, and incubated for 30 min with a 1:150

dilution of T112 or T113, or with control mouse IgG (C‘albicchem, Ia

Jolla, CA) . After two washes with PBS—BSA, cells were incubated for 30

min with fluorescein—conjugated F(ab')2 goat anti-mouse IgG and

analysed by flow cytometry as described above. The percentages of PEMC

expressing T112 and T113 were calculated after subtracting the

background of nonspecific labeling obtained with the control mouse IgG,

ard the MFCh was used to determine the densities of these epitopes.

 





149

T. cruzi decreased the proliferative capacity of PEMC stimulated

via either the CD3-Ti or the C02 pathways of T lymphocyte activation

(Table 1). The decreased responsiveness was dependent upon parasite

concentration, with low levels of suppression being observed when 2.5 X

106 T. cruzi/ml were used, and the exteit of suppression increased when

the parasite concentrations were raised to 7.5 or 10 X 105 organisms/

ml.

T. cruzi did not reduce IL2 production by PIT/1C after stimulation '

with HiA or anti-CD2. Irdeed, IL2 levels in the anti-CDz-stimulated

cultures were increased by the presence of T. cruzi (data not shown).

A small increase in IL2 concentrations is occassionally also noted when

FHA or anti-CD3 is the stimulant (Chapter 3). The expression of the

112R was decreased by T. cruzi following activation by PHA or anti—CD2

(Table 2). This decrease was seen both in the nlmnber of IL2R+ cells

and in the density of the receptor on the positive cells. When anti-CD2

was used in activation, the decrease was of a lesser extent than that

observed with FHA. It should be noted that T. cruzi does not bird

anti—IL2R antibodies (Chapters 3 and 4), therefore, the decrease in the

levels of IL2R observed on the PBMC was not due to the parasite

reducing the availability of antibodies to these cells.
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Table 1. T. cruzi Inhibits Blastogenesis by Both the T Cell Receptor

and C132 Pathwaysa

3H—‘IVdR incorporation (cpm x 10'3) in the presence of

the followg' concentrations of T. cruzi ( x 10'61ml):

Stimulus 0 2.5 5.0 7.5 10.0

PHA 61.7 _+_- 3.0 20.9 i 1.1 6.3 i 0.1 3.1 i 0.5 1.8 i- 0.3

anti-CD3 37.2 i 2.6 22.1 i 1.4 12.0 i 0.5 5.6 i 0.3 2.3 i 0.4

anti—(:02 14.2 i- 0.5 6.5 i 0.2 2.4 i 0.1 0.9 i 0.3 0.4 i 0.1

a PMCwereincubated for96hrsinthepresenceorabselceof

PHA, anti-CD3, or anti-Tllz + anti-41113 (anti-CD2 antibodies) with or

without T. cruzi in 96-well plates. One 1101 of 3H-thymidine (3H-'IdR)

was present per well during the last 24 hrs. All differences between

values obtained for cultures with and without T. cruzi are statist-

ically significant (P50.05, Student's "t" test). These results are

typically representative of three separate repeat experiments.
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Table 2. The Effect of T. cruzi on IL’ZR Expression After Stimulation

by either KIA or anti-CDZa

Stimulus T. cruzi % ILZR+ cells Ml-Uib

HIA ' 55 . 7 161

H'XA + 35 u 9 112

anti-C132 - 48 . 9 167

anti-CD2 + 41 . 0 124

a PEMCwereincubatedfor48hrsinthepresenceorabseroeof

FHA or anti-Tllz + anti-'I‘113 (anti-CD2 antibodies) and/or T. cruzi (5 X

106 organisms/ml) . IL2R expression was determined as described under

Materials and Methods. less than 6% of the Pmc incubated in the

absence of PHA or anti-C02 expressed IL2R. These results are typically

representative of three separate repeat experiments.

1" m, mean channel number of the logarithm of the fluorensence

intensities of positive cells.
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DISGJSSION

T. cruzi decreased the proliferative responses of PEVIC stimulated

by either FHA, anti-CD3, or anti-C132 (Table 1). This suppression was

observed with concentrations of T. cruzi ranging from 2.5 to 10 X 106

parasites/ml in a dose-dependent fashion. Since the (:02 pathway has

recently been demonstrated to be only active in memory T cells and not

in naive T cells (J. A. Byne, J. L. Butler, E. L. Reinherz, and M. D.

cooper, Abst. Ann. meet. Fed. Amer. Soc. Exper. Biol. 1988, FASEB J.,

vol.2, p. A1240.) , the data in Table 1 are the first demonstration of

the ability of T. cruzi to suppress responses of memory T lymphocytes.

Anti-CD3 is an antibody directed against the CD3-Ti antigen

receptor complex ard triggers T cell activation through this molecule

(11). (DZ is a marker found on all thymocytes and mature T lymphocytes

whose cell surface expression is upregulated upon lymphocyte activation

(21) . Two antibodies directed against the T112 and T113 epitopes of

CDZ are able to act in concert to stimulate IL2 production (16) , ILZR

expression (16), and cell division (12). The antibody to T112, an

epitope found on all resting T cells, is able to induce a confirma-

tional change in CDZ which allows the expression of the T113 epitope

(12) . The subsequent engagement of T113 by antibody then leads to the

above noted events. Since CD2 is not associated with the CD3-Ti

ccuplex on the cell surface (17) and since it is operative in the

stimulation of CD3” thymocytes (16), it thus constitutes an alternative

pathway of T cell activation. Since this pathway does not require the

presence of monocytes (12) , the data in Table 1 demonstrate that L

 





 

153

M is able to exert its suppressive effect directly upon the T

1W-

T. cruzi was previously found not to decrease the production or

secretion of IL2 by PEVIC stimulated by FHA or anti—CD3 under optimal

culture conditions (Chapter 3). The presence of T_._cr_uLi in Pmc

cultures increased the levels of IL2 following stimulation by anti—C132.

This is occassionally also seen when PEA or anti—CD3 is used as the

mitogen (Chapter 3). The underlying cause of the augmentation in IL2

levels is not clear at this time, but may have resulted from a decrease

in the ability of the PHVIC to internalize and degrade this lymphokine.

Alternatively, IL2 production may be increased by the presence of L

gull inthe cultures. Inthisregard, it shouldbenotedthatL

_cru_z_i does not release IL2 nor does it induce resting lymphocytes to do

so (data not shown). It has also been found that the parasite does

cause a reduction in IL2 production under supraoptimal stimulatory

conditions (5 x 106 PBMC/ml, 2 25 ug FHA/ml; 10).

Since T cells exposed to T. cruzi demonstrate a reduced capacity

to proliferate in the face of normal or above normal levels of IL2, we

next examined the effect of the parasite on the expression of the ILZR.

As was previously reported (10) , _’I_‘.__cru_zi inhibited the expression of

the ILZR on Rm-stnmuated pumc (Table 2). Both the number of 112R+

cells ard the density of the receptor on the positive cells was

decreased. Similar results were obtained when anti—CD2 was used as the

stimulant, although the reduction was less pronounced than that seen in

FHA—stimulated cultures (Table 2) .

Preliminary results indicate that the upregulation of the T112
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epitope of CDZ ard the expression of the T113 epitope of this molecule

which occur during the first 6 to 12 hrs of lymphocyte activation were

inhibitedbythepresence of T. cruzi intheculhires (datanct shown).

Work is currently in progress to determine the kinetics of the

suppressed expression of these epitopes. Since T. cruzi decreases both

the mmmber of activated. cells bearing T112 and T113 and the densities

of these epitopes on positive cells (data not shown), it is thus

possible that these events are at least partially responsible for the

suppressed proliferative responses of lymphocytes triggered via the CDZ

activation pathway.

The ligand for the T112 epitope of CDZ has recently been

identified as lymphocyte function-associated antigen—3 (LFA—3) , a

glycoprotein present in endothelial, epithelial, and connective

tissues, as well as on most blood cells (15,22,23). While resting T

cells bird to a LFA-3-like molecule on sheep erythrocytes, resulting in

rosetting (23) , only activated T cells with enhanced expression of CD2

are able to bird autolcgous erythrocytes which bear lower levels of

LEA-3 than their ovine counterparts (23,24) . The birding of T

lymphocytes to the LFA—3-like molecule on sheep erythrocytes allows

subsequent activation by anti—T113 (25) . The putative natural ligard

for the T113 epitope awaits identification.

The role of the C132 alternative pathway of T cell activation is

not completely understood at this time. However, this pathway may be

of particular importance for the activation of CD3' thymocytes by LFA-

3+ thymic epithelial cells during ontogeny (26-28) . 'Ihe upregulation

of CDZ and the expression of the T113 epitope on activated mature T
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lymphocytes may enhance activation via CD3-Ti ard increase the avidity

of T cell interactions with other mo+ henatopoietic cells (15,29).

While the CD3-Ti corplex ard CDZ are distinct entities ard not

associated on the cell surface (17) , these two activation pathways do

have munial regulatory interactions. For example, the removal of CD3

from the cell surface blocks activation via CDZ (12) . Furfilermore,

stimulation by the CDZ pathway induces phosphorylation of CD3 (30). It

appears, therefore, that the CBS-Ti and C132 pathways involve separate

signals transmitted through separate ard distinct receptors, each

system, nevertheless, being able to exert regulatory effects upon the

other. air findings irdicate that T. cruzi is able to inhibit T

lymphocyte activation through both of these pathways.





1.

10.

ll.

 

156

REFERENCES

Teixeira, A. R. L., G. Teixeira, V. O. Macedo, and A. Prata.

1978. Acquired cell-mediated immmodepression in acute Chagas'

disease. J. Clin Invest. 62:1132.

Voltarelli, J. C., E. A. Donadi, and R. P. Falcao. 1987.

Iimnlnosuppression in human acute Chagas disease. Trans. 39y. Soc.

1139. Med. Egg. 81:169.

Hayes, M. M., and F. Kierszenbaum. 1981. Experimental Chagas'

disease: kinetics of lymphocyte responses and immunological

control of the transition from acute to chronicW

infection. Infect. Immun. 31:1117.

Kierszenbaum, F. 1981. On evasion ofWfrom the

host immune response. Lymphoproliferative responses to

trypanosmal antigens during acute and chronic experimental Chagas'

disease. Immunole 44:64 .

Rowland, E. C., and R. E. Kuhn. 1978. Suppression of cellular

responses in mice duringWinfection. Infect.

Immun. 20:393.

Reed, S. G., C. L. Iarson, and C. A. Speer. 1977. Suppression of

cell-mediated immunity in experimental Chagas' disease. A

Parasitenk. 52:11.

Rowland, E. C., and R. E. Kuhn. 1978. Suppression of anamnestic

cellular responses during American trypanosomiasis. J. Parasitol.

64:741.

Clinton, B. A., L. Ortiz-Ortiz, W. Garcia, T. Martinez, and R.

Capin. 1975. Momma cruzi: early immune responses in

infected mice. _Egzp. Parasitol. 37:41 .

Maleckar, J. R., and F. Kierszenbaum Inhibition of mitogen-

induced proliferation of mouse T and B lymphocytes by bloodstream

Forms ofW. J. Immunol. 130:908.

Beltz, L. A., and F. Kierszenbaum 1987. Suppression of human

lymphocyte responses byW. Imunolggy 60:309.

Meuer, S. C., K. A. Fitzgerald, R. E. Hussey, J. C. Hodgdon, S. F.

Schlossman, and E. L. Reinherz. 1983. Clonotypic structures

involved in antigen specific human T cell function: relation to

the CD3 molecular emplac-W

W, S. C., R. E. Hussey, M. Fabbi, D. Fox, 0. Acuto, K. A.

Fitzgerald, J. C. Hodgdon, J. P. Protentis, S. F. Schlossman, and

E. L. Reinherz. 1984. An alternative pathway of T—cell

 





 
 

157

activation: a functional role for the 50 kd T11 sheep erythrocyte

receptor protein. Cell 36:897.

13. Hara, T., S. M. Fu, and J. A. Hansen. 1985. Hmman T cell

activation. II. A new activation pathway used by a major T cell

population via a disulfide—bonded dimer of a 44 kilodalton

polypeptide (9.3 antigen). J. E_:xp. Med. 161:1513.

14. Carrel, S., S. Salvi, L. Giuffre, P. Isler, and J.-C. Oerottini.

1987. A novel 90-kDa polypeptide ('Ip90) possibily involved in an

antiger-indeperflent pathway of T cell activation. Eur. J.

Immunol. 17:835.

15. Springer, T. A., M. L. Distin, T. K. Kishimoto, and S. D. Marlin.

1987. The lymphocyte function—associated LFA-l, CDZ, and LFA—3

molewles: cell adhesion receptors of the immune system. Ann.

Rev. Immunol. 5:223.

16. Fox, D. A., R. E. Hussey, K. A. Fitzgerald, A. Bensussan, J. F.

Daley, S. F. Schlossman, and E. L. Reinherz. 1985. Activation of

human thymocytes via the SOKD T11 sheep erythrocyte birding

protein induces the expression of interleukin 2 receptors on both

13+ and T3- populations. J. Immunol. 134: 330.

17. Meuer, S. C., O. Acuto, R. E. Hussey, J. C. Hodgdon, K. A.

Fitzgerald, S. F. Schlossman, and E. L. Reinherz. 1983. Evidence

for the T3~associated 90 kd heterodimer as the T cell antigen

receptor. Nature 303: 808.

18. Budzko, D. B. and F. Kierszenbaum. 1974. Isolation of

Wfrom blood. J. Parasitol. 60:1037.

19. Villalta, F., and W. Leon. 1979. Effect of purification by DEAE-

cellulose column on infectivity of 11m cruzi blood forms.

J. Parastiol. 65:188.

20. Gillis, S., M. M. Ferm, W. Cu, and K. Smith. 1978. T cell growth

factor: parameters of production and quantitative microassy for

activity. J. Immunol. 120:2027.

21. Bernard, A., C. Gelin, B. Raynal, D. Pfiam, C. Gosse, and L.

Boumsell. 1982. Phenomenon of human T cell rosetting with sheep

erythrocytes analysed with monoclonal antibodies. J. Eng. Med.

155:1317.

22. Ii‘unig, T'. R. 1986. The ligand of the erythrocyte receptor of T

lymphocytes: expression on white blood cells and possible

involvement in T cell activation. J. Immunol. 136: 2103.

23. Selvaraj, P., M. L. Dustin, R. Mitnacht, T. Hunig, T. A. Springer,

and M. L. Plunkett. 1987. Resetting of human T lymphocytes with

sheepandhtmanerythrocytes: comparisonofhumanandsheepligand

binding using purified E receptor. J. Immunol. 139:2690.

 





158

24. Makgoba, M. W., S. Shaw, E. D. Gugel, and M. E. Sanders. 1987.

Hui-ten T cell rosetting is mediated by IFA-3 on autolcgous

erythrocytes. J. Immunol. 1238:3587.

25. Hunig, T., G. Tiefenthaler, K.-H. M. zum Buschenfelde, and S. C.

Meuer. 1987. Alternative pathway of activation of T cells by

binding of CDZ to its cell-surface ligand. Nature 326:298.

26. Vollger, L. W., D. T. Tuck, T. A. Springer, B. F. Hayes, and K. H.

Singer. 1987. Thymocyte binding to human thymic epithelial cells

is inhibited by monoclonal antibodies to C02 and LFA—3 antigens.

J. Immunol. 138:358.

27. Blue, M.-L., J. F. Daley, H. Levine, K. A. Craig, and S. F.

Schlossman. 1987. Activation of immature cortical thymocytes

through the T11 sheep erythrocyte binding protein. J. Imrmmol.

13833108.

28. Denning, S. M., D. T. Tuck, L. W. Vollger, T. A. Springer, K. H.

Singer, and B. F. Haynes. Monoclonal antibodies to CDZ and

lymphocyte function-associated antigen 3 inhibit human thymic

epithelial cell-dependent mature thymocyte activation. L

Immunol. 139:2573.

29. Shaw, S., and G. E. G. Luce. 1987. The lymphocyte function

associated antigen (LFA)-1 and CDZ/LFA—3 pathways of antigen-

indeperflent human T cell adhesion. J. Immunol. 139:1037.

30. Breitmeyer, J. B. 1987. How T cells ccmmunicate. Nature

329:760.

 









 

   

159

AppendixI

T. cruzi Mediates its Suppressive Effect Via a Secreted Factor

'Ihe addition of T. cruzi trypomastigotes to cultures of normal

hmrenPRflhasbeeishwnintheprwdingchapterstosuppressthe

proliferative response as well as the expression of the 112R by these

cells while the production of IL2 was unaltered. In order to determine

whether this immlnosuppression requires direct cell-to-parasite contact

or whether a secreted suppressive factor exists, we tested the

immunosuppressive ability of T. cruzi in the presence or absence of

direct cell-to—parasite contact.

T. cruzi trypomastigotes were purified from the blood of infected

mice as previously described (1) and resuspended at a final

concentration of 5 x 106 parasites/ml in RM 1640 medium (Gibco, Grand

Island, NY) containing 100 units penicillin and 100 pg streptomycin per

ml and 596 heat-inactivated (56°C, 20 min) fetal bovine serum

(RPMI+5%FBS) . Human PB'MC were isolated as previously described (1) and

resuspended at a final concentration of 1.25 x 106 cells/ml in

RPMI+5%FBS. In order to test whether direct cell—to—parasite contact

is required for T. cruzi to inhibit the proliferative response of PEMC

to mitogens, Pmc were placed in the wells of 24—well plates in the

presence or absence of 5 ug/ml phytohemagglutinin (PEA: Sigma Chemical

Cmpany, St. I_ouis, MO). To each well, a Millicell—HA insert was added

(Millipore, Bedford, MA). This insert contains a 0.45 mm—pore—size

filter which allows only the passage of soluble material between the
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two compartments. The volumes of medium on the inside and outside of

the insert were 0.4 and 0.5 ml, respectively. T. cruzi was present in

some of the cultures either on the outside of the insert (allowing

direct contact with the PMC) or within the insert (no direct contact)

and replaced an equal volume of RHdI+5%FBS. Cultures were pulsed with

5 uCi of 3H—thymidine 72 hr after initiation and harvested at 78 to 96

hr. msateeperiments, the insertswereremvedatvariwstimes of

culture and replaced with new inserts containing 0.4 ml of RPMI+5%FBS

and 5 pg/ml PHA.

'Ihe abilityof Pmctoproduce IIZwastestedbymeasuringthe

IL2 activity in 48-hr supernatants of cultures set up as described

above. IL2 activity was determined using the IL2-dependent CI'LL-z cell

line (1) .

The expression of the ILZR was measured on Pmc in the presence or

absence of direct cell-to-parasite contact 48 hr after mitogenic

stimulation (Chapter 3). Results were expressed as the percentage of

'I‘ac+ cells and mean channel number of the logarithm of the fluorescence

intensites of the positive cells.

The data presented in Tables 1 through 3 are typically represent—

ative of two to six separate repeat experiments of similar design.

T. cruzi was able to suppress the proliferative responses of PM

to PHA whether or not the cells and parasites were separated by a

Millicell filter (Table 1). Indeed, the suppressive capacity of L

_crlii was the same in both conditions. It thus appears that the

immunosuppressive effects of T. cruzi are mediated by a secreted

suppressive factor(s) (SSF) . Whether this factor(s) originated
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Table 1. T. cruzi Suppresses Human PBMC Proliferation in the Absence

of Direct Contact with the Cellsa

PHA (5 ug/ml) T. cruzi 3H-thymidine incorporation (qm x 10'3)

- - 1.3 i- 0.9

+ - 51.6 i 5.9

+ contactb 21.3 i 4.1

+ no contact 28.7 i 2.3

a Ninety-six hr cultures pulsed with 5 pCi 3H-thymidine at 72 hr.

b "Contact" refers to the presence of direct contact between PBMC

and T. cruzi. "No contact" denotes that T. cruzi was separated frcm

the P340 by a Millicell filter.
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intracellularly or was released from the parasite's plasma membrane is

not known.

Next, the suppressive effects of 24 to 96 hr supernatants of L

911—121 trypomastigote cultures were tested. While 5 x 106 parasites/ml

were able to decrease mitogen-induced lymphoproliferation, the

supernatants of these cultures as well as the supernatant of 1 x 107 L

_c_r_u__z_i/ml did not effect the incorporation of 3H—thymidine by PHA-

stimllatedPEMC (datanotslmn). SincebothPBMCandPI-lAwere also

present in the cultures and PHA binds to and agglutinates T. cruzi (2) ,

it is thus possible that this mitogen or a cell product induces the

release of SSF. To examine this possibility, the suppressive activity

of 24 to 96 hr culture supernatants of 5 x 106 T. cruzi/m1 alone, _T_.

gig; + 5 ug/ml Hm, T. cruzi + 1.25 x 106 PEMC/ml, or T. cruzi + PH’IC

+ BIA were tested; none of them suppressed mitogen-induced prolifer-

ation of Pmc (data not shown). Thus, the SSF appears to be labile or

degraded, complicating attempts to purify and characterize this

molecule(s) .

Further support for the lability of SSF were the results of

studies inwhichthe insertcontainingT. cruziwasremovedand

replaced with a new insert lacking parasites at 24, 48, or 72 hr.

These cultures were pulsed with 3H-t‘nymidine at 72 hr and harvested 6,

12, or 24 hr later. When the inserts containing T. cruzi remained in

the cultures for the duration of the experiment, the proliferative

responses were decreased approximately 85% compared to PHILC stimulated

in the absence of the parasite (Table 2). When the inserts were

removed at 72 hr (at the time of the pulse) and harvested 6 hr later,

 





 

163

Table 2. The Suppressive Effect of SSF is Reversiblea

time of 3H—thym'dine incommtion (w x 10'3)

T. cruzi insert removal 6 hrb 12 hr 24 hr

none - 61.4 i 6.5 61.7 510.2 77.4 i 22.2

contact - 9.2 i 0.8 8.2 1 1.6 15.9 i 1.2

(.95)C (87) (79)

no contact - 8.4 _t 1.2 7.4 i 1.6 11.6 1 2.4

(86) (88) (85)

no contact 72 hr 11.5 i 3.2 14.9 i 4.6 36.6 i 2.7

(81) (76) (53)

no contact 48 hr 38.7 i 4.0 50.4 i 6.1 85.3 i 5.1

(37) (18) (‘10)

no contact 24 hr 45.1 i 4.2 40.3 i 8.0 82.5 i 1.9

(26) (35) (-6)

__________
___’_—___—

———————

a PHdeereinelbatedwifllSug/mlHi
Ainthepreseiceorabsence

of T. cruzi. All cultures were pulsed with 5 uci 3H—thymidl‘ne 72 hr

after initiation. "Contact“ refers to the presence of direct contact

between PBMC and T. cruzi. ”No contact" denotes that T. cruzi was

separated from the PBMC by a Millicell filter.

b Cultures were harvested 6, 12, or 24 hr after the pulse.
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the extent of the suppression (81%) was approximately the same as in

those cultures still containing T. cruzi, but as the time after

parasite removal increased (12 and 24 hr pulses), the suppressive

effect decreased (76 and 53%, respectively). This decrease in

suppressionovertimewasseentoagreaterextentinthoseculturesin

which the inserts containing parasites were removed at 48 or 24 hr of

culture (Table 2) . Since only the parasites themselves and not the SSF

was removed, these results suggest that the suppression is reversible

and that SSF is labile and must be continuously produced in order to be

effective. The lability of SSF may either be intrinsic or may be due

to PHVIC internalizing and degrading the molecule.

In order to determine whether the ilmmlnosuppression caused by L

m and the SSF are similar, several other parameters of lymphocyte

activation were examined. No decrease in the production of IL2 under

optimal culture conditions was caused by eitherw or SSF (Table

3). In contrast, SSF was able to inhibit the expression of the 112R

(Table 4) as had been previously shown for T._cru_z_i (Chapter 3) .

In summary, L_c;u_zi appears to secrete a soluble suppressive

factor which is labile and whose effects are reversible. Both L_cruz_i

and its SSF decrease mitogen-induced proliferation and the expression

of IL2R while not affecting the production of IL2.
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Table 3. Ecposure of PHVIC to the SSF did not Inhibit IL2 Productiona

Supernatant 3H--thymidine incorporation (qzm x 10'3) by CI'LL—Z

tested in the presence of the wants diluted:

1:2 1:4 1:8 1:16

PEWC 0.4 1' 0.0 0.3 1 0.0 0.3 1' 0.0 0.3 1 0.0

PHVIC'tH‘IA 20.6 1' 1.7 12.0 1' 1.7 5.1 1 0.8 1.7 1 0.4

PHVKH'H'IA'PI'. cruzr 29.3 1 1.6 16.4 1 0.6 8.7 1' 1.8 3.2 1' 0.3

PBMC+PHA+SSF 27.0 1' 3.2 12.7 1 0.7 7.1 1' 2.5 2.6 1' 0.5

 

a Forty-eight-hr supernatants of the indicated cultures were

tested for IL2 activity using the 11.2—dependent CI‘LL—2 cell line. 3H-

thymidine incorporation by CI‘LL—Z cells incubated in RPMI+1096FBS = 0.4

i- 0.2. Similar incorporation was produced by GILL-2 incubated in the

culture supernatants of unstimulated PEMC cultured in the presence of

T. cruzi.‘
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Table 4. ILZREXpression is DecreasedbytheT. cruzi SSFa

 

T. cruzi % 'I‘ac+ cells W

— 51.3 140

no contact 46.2 130

a PMCwere incubated for 48 hrwithmA (5 mg/ml) in

the presence or absence of T. cruzi prior to staining for

the Tao antigen. "No contact" denotes that T. cruzi was

separated frcxn the PHVIC by a Millicell filter. less than 5%

ofthePBMCincubatedaloneorecposedtoSSFintheabsence

of FHA were positive for Tac.

b The density of the Tao antigen expressed as the mean

channel number of the logarithm of the fluorescence inten—

sities distributed over 256 channels.
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APPENDH II

T. cruziInhibitstheerthofSeveralbutnotall

Immortalized Cell Lines

Lymphocyte activation involves a series of temporally distinct

eveits as the cells move from the Go resting stage into the 91 stage of

the cell cycle and thence onward to nuclear and cytoplasmic divisions

(1,2) . The ability of T. cruzi to suppress T cell proliferative

responses to mitogenic stimulation may lie in the inhibition of any one

or more of these events. Immortalized cell lines, however, have

already entered the cell cycle and therefore bypass several of the

activation requirements. It is thus possible that these cell lines are

no longer dependent upon the activation event(s) which T. cruzi

inhibits and may subsequently escape the antiproliferative effects of

the parasite. In order to explore this possibility, we have tested the

ablility of T. cruzi to decrease the growth of several cell lines.

T. cruzi trypomastigotes were isolated from the blood of mice at

two weeks post-infection as previously described (3) and resuspended at

the desired concentrations in RPMI 1640 medium (Gibco, Grand Island,

NY) containing 100 units penicillin and 100 pg streptomycin per ml and

10% heat-inactivated (56°C, 20 min) fetal bovine serum (RHVlI+1O96FBS) ,

or supernatants of concanavalin A—stimulated rat spleen cells (rat IL2)

for the studies using GILL-2 cells. The murine IL2-dependent CI'LL-z

cell line (American Type Culture Collection), maintained by passage in

rat IL2 in a similar fashion to that previously described for HIL-z
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cells (3) , was centrifuged once prior to use in the proliferation assay

and was resupended at a final concentration of 2 X 104 cells/ml in rat

IL2. The human nonadherant myelocytic U937 cell line (American Type

Culture Collection) and the huan 'I‘lymphotropic virus type 1 (HTLV-l)-

infected HUT 10232 cell line (4; provided by Dr. Warren Leonard,

National Institutes of Health, Bethesda, MD) were maintained by passage

in RmI+1o9sFBs and brought to final concentrations of 1 x 105 and 5 x

105 cells/m1, respectively, in the same medium.

To test the ability of T. cruzi to inhibit the proliferation of

these cell lines, cells were incubated at time previously indicated

concentrations for 24 or 48 hr in the presence or absence of serial

dilutions of the parasite. crib-2 and HUT cells were incubated in 96-

well plates in a volume of 0.2 and 0.1 ml, respectively, while U937

cultures were set up in 24-well plates containing Millicell filter

inserts (Millipore, Bedford, MA) in a volume of 0.9 ml (as described in

Appendix I) to avoid cell infection. Cultures containing CI'IL—Z were

pulsed with 1 “Ci 3H—thymidine (specific activity = 2.0 Ci/mmole; New

England Nuclear, Wilmington, DE) 6 hr before harvest, while those

containing U937 and HUT cells received a 24 hr pulse. Cultures were

terminated by automated harvesting and the amounts of incorporated 3H—

thymidine were determined with the use of a liquid scintillation

counter. Results were expressed as mean cpm i 1 standard deviation.

The staining of HUT cells for the expression of the ILZR was

performedasdescribedindlapterB forPBVICandtheresultswere

expressed as the percentage of IL2R+ cells and the mean channel number
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of the logarithm of the fluorescence intensities (MFC‘h) distributed

over 256 channels.

ThedatainTablelshowthatT. cruziwasabletodecreasethe

growth of CTLL—Z and U937 cells. Proliferation of CI‘LD-Z, an IL2-

dependent murine T cell line, was reduced by the presence of 1 x 107 L

_cru_2:_i/ml after 24 hr, while 2.5 X 106 T. cruzi/ml were effective at 48

hr. Growth of the human myelocytic U937 cells was suppressed by 5 X

106 T. cruzi/ml at 48 hr (Table 1), while 1 x 107 parasites/ml had an

effect after only 24 hr (data not shown). Since the U937 cells and the

parasites were separated by a 0.45-um-pore-size filter, the noted

decrease can not be a result of infection of this monocyte-like cell

line.‘ It should be noted that the suppressive ratio of parasites to

cells was 125:1 and 500:1 for CI‘le-Z at 48 and 24 hr, respectively, and

50:1 and 100:1 for the U937 cells. This is a much higher ratio than is

required to inhibit the mitogen-induced proliferation of mouse spleen

cells (1:1; Chapter 2) or human PHVIC (4:1; Chapter 1). In contrast to

the results obtained with the CI'LL—z and U937 cell lines (Table 1) or

normal human peripheral blood mononuclear cells (Chapters 3 and 4), '_I‘_.

fli (5 X 106 parasites/ml) was not able to affect the growth or the

expression of the 112R by HUT 102B2 cells after 48 hrs of co—culture

(Table 2) . Similar results were seen when the parasite concentration

was increased to 1 x 107 T. cruzi/ml (data not shown). Higher

concentrations of T. cruzi were not tested due to the rapid

acidification of the culture medium under these conditions (unpublished

observation) .

The failure of T. cruzi to inhibit growth or IL2R expression of
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Table 1. T. cruzi Decreases the Growth of GILL-2 and U937 Cell Linesa

Incomgration of 3H-thm‘dine at:

Cell line T. cruzi (x105) 24 hr 48 hr

crLL—z none 13.0 i 0.1 44.4 i- 0.6

1.25 14.2 i 0.6 44.5 i 3.3

2.5 15.3 i 0.5 27.6 i 0.1b

5.0 11.9 1- 0.4 6.3 i 0.613

10.0 7.4 i 0.213 3.1 i 0.210

U937 none NDC 70.9 i 11.1

1.25 ND 78.3 i 4.1

2.5 ND 70.1 i 3.1

5.0 ND 44.5 i 6.3b

10.0 ND 24.8 i 3.710

a The results with CI'LL-Z and U937 cells were obtained in

separate experiments, each of which was repeated on three oocassions.

b p_<_0.05, for the reductions in cpm with respect to the

corresponding control which lacked T. cruzi, as calculated by Student's

"t" test.

0 Not determined.
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Table 2. T. cruzi does not Affect the Ability of HUT 10282 Cells

to Proliferate or Express ILZRa

Material 3H—thymidine incorporation %ILZRl- cells log MFCh

(m x 10'3)

HUT 14.6 i 0.5 66.0 120

HUT-PT. cruzi 16.3 i: 0.1 69.0 117

a The proliferative response and the expression of the 112R were

tested separately in forty-eight hr cultures of HUT 102B2 cells

incubated with or without 5 X 106 T. cruzi/ml. These results are

representative of two separate repeat experiments.
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HUT 10232 cells may lie in the mechanism of their transformation. This

cell line is infected with and was immortalized by HI'LV—l (4,5). The

initial stages of this immortalization appear to utilize an autocrine

mechanism of growth, involving the constitutive production of IL2 and

the IL2R, which is inhibitable by antibodies to the 112R (5,6). I_ater

events lead to the loss of IL2-dependence and lack of IL2 production by

some of the HILV-l-infected lines (reviewed in 7). The mechanism of

theenhancedtranscriptionofmanillszRNAappearstomltfmn

the interaction of the transactivator gene product (tat-I) of HITN—l

with the prancters of these cellular genes (8,9) which bear sequence

homology with the regulatory regions of HI'LV-l (10). In the case of

the ILZR gene, the promoter engaged by tat-1 differs from that used in

the normal activation process (8) . The differences between the growth

of normal activated peripheral blood mononuclear cells and HI‘LV—l—

infected cell lines (loss of IL2-dependent growth, constitutive

expression of the ILZR, and the use of a different 112R promoter) may

explain the ability of T. cruzi to suppress growth and IL2R expression

in the former but not the latter case.

In smmnary, at high parasite to cell ratios T. cruzi is able to

suppress the growth of a long—term IL2-dependent line and a monocyte-

like cell line, but not HI'LV—l-infected HUI‘ 102B2 cells under the

conditions tested. The latter finding also suggests that T. cruzi-

induwd growth—inhibition of immortalized cell lines is not merely the

result of nutrient consmnption.
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SUMMARY AND (DNCIUSIONS

A state of suppressed immune reactivity occurs during the early

stages of infection withW. Both cellular and humoral

arms of the immune system, hmrever, are functional during the infec-

tion's later stages and play a vital role in host defense. It may thus

be hypothesized that the initial state of immmosugpression enables L

M to establish itself intracellularly and that overcoming this

phenomenon may allow clearance of the parasite by the host's immune

system before the onset of pathology. It was our goal, therefore, to

characterize the immune alterations which T. cruzi induces in human T

lymphocytes with the ultimate goal of developing means to abrogate

these events and the subsequent occurance of disease.

Prior to this work, hiowlege of the extent of the parasite-irduced

immmmosuppressive events in human lymphocytes was extremely limited.

It was shown herein that T. cruzi was able to suppress the

proliferation of human T cells following activation by either the T

cell receptor or the CD2 antigen-independent stimulatory pathways and

that the ability of the parasite to inhibit the expression of the

interleukin 2 rweptor played a key role in this process.

The addition of T. cruzi trypomastigotes or epimastigotes to

cultures of normal human peripheral blood mononuclear cells (Fame)

reduced the ability of the latter to proliferate in response to a

variety of mitogenic lectins in a parasite-dose—dependent manner and

over a wide range of mitogen concentrations. This reduction was not  
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due to consumption of essential nutrients or to a loaering of mitogen

concentrations to suboptimal levels by T. cruzi nor to a loss of mic

viability after co-culture with the parasite. T. cruzi was also able

‘ to suppress PHIC proliferative responses after stimulation by anti-(:03,

a monoclonal antibody directed against the T cell receptor complex, and

anti-T112 and anti-Tl13 antibodies which trigger T cells via the CDZ

activation pathway. The presence of monocytes was not required for the

decrease in PBMC responsiveness while parasite viabilty was necessary.

T. cruzi additionally inhibited the growth of several but not all

immortalized cell lines tested.

T. cruzi was able to exert its suppressive effects when separated

from the cells by a Millipore filter insert, denonstrating that a

soluble factor released by the parasite was involved in the suppressive  
process. T cell responsiveness showed a partial recovery within 24 hr

after removal of the insert containing T. cruzi, demonstrating the

reversibility of the immune alterations and the lability of the

suppressive factor.

I ' Maximalsuppressionwasnotedwhen T. cruziwasaddedtoculolres

within the first 24 hr of stimulation and decreased as the time of

parasite addition was prolonged. Thus T. cruzi appeared to affect an

early stage of lymphocyte activation. Interleukins (IL) 1 and 2 are

produced by stimulated monocytes and T cells, respectively, and are

required early during the T cell growth cycle. Under conditions of

optimal stimulation, T. cruzi was unable to reduce the ability of human

PEMC to produce or secrete either of these molecules or interferon-1

while mouse spleen cells were deficient in the production of both I12
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and interferon—T after co-culture with the parasite. In keeping with

these results, IL2 was able to restore the mitogen—induced prolifer-

ative responses of sqpressed mouse but not human lymphocytes. Thus,

there are notable differences in the process of suppression of mouse

spleen cells and human Pmc. These results indicate that caution must

be exerted when extrapolating findings obtained with the murine model

system to the human disease.

The inability of human PET! to respond to endogeious or exogenous

IL2 correlates with the ability of T. cruzi to inhibit the expression

of the IL2 receptor (IL2R) on T cells. Both the number of cells

bearingllaRandthereceptordensityweredecreasedbyT. cruziina

manner which was dependent upon the parasite concentration. This

decrease was observed within 12 hr of stimulation and persisted until

at least 60 hr. Both the low and the high affinity forms of the ‘

receptor were affected.

Impression of the transferrin receptor, a molecule required for

lymphoproliferation as well as a late activation marker, was also

inhibited by T. cruzi while the levels of early activation antigen 1,

the earliest reported activation marker of T cells, were unaffected by

the parasite during the initial 6 to 24 hr of stimulation. T. cruzi

additionally suppressed the up—regulation of the surface expression of

the T112 epitope of CD2 as well the exposure of the T113 epitope of

this molecule which occurs during activation. Thus, T. cruzi is

selective in its inhibition of lumen T cell activation events and this

specificity may provide the key in overcoming the parasite-induced

suppression.
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meeventwhicllappearstobeoftliegreatest importanceisthe

decreased expression of the 112R since triggering by this molecule

allows progression from the early to the late GI stage of the cell

cycle and regulates many of the subsequent events of T cell activation.

Additionally, this is the earliest process reported to be altered by L

M. Future work in. this area might address the following questions:

1. Does T. cruzi cause an increase in the levels of the soluble

ImRasisthecaseinAIlBandcertain formsofcaroer?

2. Is the expression of the membrane form of the 112R on

activated B cells and monocytes also affected?

3. Are the levels of IL2RmRNA decreased by T. cruzi, and if so,

is this an expression of decreased transcription or of decreased mRNA

stability?

4. Is the expression of cellular oncogenes altered by T. cruzi?

5. How may the stability of the parasite-induced suppressive

factor be increased so as to allow its purification and character—

ization?

The answers to these questions will allow a greater understanding

of the process of immumsuppression by T. cruzi and may be of value in

the study of immune alterations caused by other pathogens, in

particular, the human immunodeficiency virus.
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