
A4-7

EFFECTS OF GOLD SODIUM THIOMALATE

ON MURINE SPLEEN CELLS

THESIS

Presented to the Graduate Council of the

North Texas State University in Partial

Fulfillment of the Requirements

For the Degree of

MASTER OF SCIENCE

By

Paul Brownback, B.S.

Denton, Texas

December, 1986



Brownback, Paul E., Effects of Gold Sodium Thiomalate

on Murine Spleen Cells. Master of Science (Basic Health

Science-Biology), December, 1986, 71 pp., 10 tables,

10 figures, bibliography, 90 titles.

The effects of gold sodium thiomalate (GST) on murine

spleen cells were investigated using in vitro mitogen

blastogenesis techniques. Addition of GST to intact spleen

cells resulted in a decreased blastogenic response to the T

cell mitogen, concanavalin A (Con A). Thymidine uptake of

spleen cells depleted of macrophages and cultured with Con A

and GST demonstrated biphasic effects. At 2.5 pg Con A/ml,

blastogenesis of macrophage depleted spleen cells was

inhibited to a lesser degree than intact spleen cells;

whereas, at 0.5 pg Con A/ml, the macrophage depleted spleen

cells were inhibited to a greater degree than the intact

spleen cells. Addition of GST at intervals ranging from 0 to

48 hours indicated that inhibition occurred within 36 hours

following mitogen stimulation. These results suggest that

GST inhibits early events of lymphocyte activation by direct

interaction with lymphocytes.
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CHAPTER I

INTRODUCTION

History

The rationale for using gold as a therapeutic agent has

a history of empiricism. The ancient Egyptian and Chinese

civilizations give the first record of the utilization of

gold in elemental form. In the eighth century, alchemists

prepared gold solutions by dissolution of elemental gold in

aqua regia, and used them topically to treat disorders such

as leprosy. Modern history of chrysotherapy began in 1890

with the observation by Robert Koch that gold cyanide

compounds inhibit the growth of tubercle bacilli (41). Other

investigators used gold in treatment of lupus vulgaris (13)

and pulmonary tuberculosis (39) during the early 1900's. The

use of gold thioglucose by Lande in 1927 to treat bacterial

endocarditis suggested that the compound might also be

beneficial in treatment of rheumatoid arthritis since it

relieved joint pain in some of Lande's patients (42).

In 1929, Forestier began chrysotherapy for the treatment

of rheumatoid arthritis and reported positive results in

patients with ankylosing spondylitis (23). Through the

following years there were many conflicting reports on the

1
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efficacy of gold compounds in the treatment of arthritis. It

was not until the late 1950's that gold compounds were

established as effective agents with remittive potential by

the Empire Rheumatism Council when they conducted a well-

controlled double-blind study with gold sodium thiomalate in

a large patient population (20). The beneficial results of

gold therapy were confirmed by Sigler in 1972 with a double-

blind study that described positive radiological evidence

that the progression of the disease in the joints of

rheumatoid arthritis patients was slowed significantly (73).

The benefits of chrysotherapy have established its use

in the treatment of rheumatoid arthritis. The etiology of

rheumatoid arthritis is as yet unknown, although numerous

mechanisms have been proposed. To further complicate the

disease, the action by which gold alters its course still

remains unclear. But, to date, gold compounds remain the one

class of agents that can successfully bring about remission

in rheumatoid arthritis. Therefore, basic research continues

to investigate the mechanisms by which gold exerts its

effects on biological systems.

Proposed Mechanisms of Action

Gold compounds exhibit a multiplicity of biological

effects that could be advantageous in the treatment of

rheumatoid arthritis. In addition to having antimicrobial
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and anti-inflammatory properties, these compounds also have

been shown to alter immunological function, inhibit enzymes,

and affect protein binding and structure.

Antimicrobial

Early investigations concerning the mechanism of gold

action involved infectious agents. Gold was used to

treat tuberculosis because of Robert Koch's observation

that gold compounds were tuberculostatic at

concentrations of 2 x 10- 6 M (41). In the 1930's and

1940's many studies were performed that demonstrated the

ability of gold compounds to either inhibit growth or to

kill a wide variety of micro-organisms. Included in

these organisms were Gram positive bacteria, such as

Streptococcus pyogenes, Streptococcus viridans, and

Staphylococcus aureus (30); and Gram negative bacteria,

such as Neisseria gonorrhoeae, Salmonella typhosa,

Escherichia coli (19), a number of Mycoplasma organisms

(75), and the protozoan, Leishmania donovani (1). The

concentrations required for the gold effects were

generally in the range of 10-3 to 10-5 M, while the usual

serum concentration of gold obtained during therapy

ranges from 1 to 4 x 10-5 M (51).

One of the most impressive studies on the effects of

gold compounds on infectious agents was done by Sabin and
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Warren (69). These authors used a strain of Mycoplasma to

induce proliferative arthritis in mice, and treated the

arthritis with great success using injectable gold compounds.

The authors attributed the success of therapy to gold's

effects upon the arthritis rather than upon the infectious

agent because they were unable to show an inhibitory effect

of gold compounds for the same strain of Mycoplasma in vitro.

Injections of gold compounds have also been shown to

protect against a variety of infectious agents in laboratory

animals (43). Beneficial results of gold injections were

found in various laboratory species when challenged with

Streptococcus pyogenes (16,21,68), Streptobacillus

moniliformis (22,33), Borrelia duttoni (21), Mycoplasma

organisms (22) and Leishmania donovani (1). The dosages

required were often ten to forty times the usual dosage given

to an adult human with rheumatoid arthritis and had to be

administered within twenty-four hours of the infective agent

to be effective.

Because gold compounds can exhibit antiarthritic

activity in experimental arthritis independent of

antimicrobial activity, and because no etiologic agent has

yet been identified for rheumatoid arthritis, the relevance

of the antimicrobial activity of gold cannot be cited as the

basis of its effect in patients with rheumatoid arthritis.
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Anti-inflammatory

Numerous studies have been conducted on the anti-

inflammatory effects of gold compounds because many of the

manifestations of rheumatoid arthritis are a result of

chronic inflammation. In humans, acute phase reactants have

been shown to decrease during gold therapy (43). Jessop et

al (37) studied phagocytic function of rheumatoid arthritis

patients by means of colloidal carbon-coated coverslips

applied to patients' forearms. In patients not treated with

gold, there was an increase in the number of cells that

phagocytized carbon. The gold-treated patients exhibited a

decrease toward normal in macrophage phagocytosis, while

polymorphonuclear leukocyte phagocytosis remained unchanged.

The decrease in macrophage phagocytosis was demonstrated to

be progressive after each gold injection. These studies by

Jessop et al (37) demonstrated that gold therapy depressed

phagocytosis by macrophages.

Vernon-Roberts (80) and coworkers investigated gold's

effects on the inflammatory response of rats using carbon-

coated coverslips on skin windows. They showed a progressive

decrease in phagocytosis by both macrophages and

polymorphonuclear leukocytes. This decrease in phagocytosis

was related to the concentration of gold within the cells

rather than the serum gold concentration. These authors also

demonstrated a decrease in the amount of fluid absorbed into
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implanted cotton pellets and a decrease in the number of

cells adhering to foreign bodies implanted subcutaneously,

all resulting from gold therapy. These studies showed gold

to decrease both the cellular and fluid phases of

inflammation.

Toth et al (78) performed studies in guinea pigs and

found that gold injected into the local reaction site could

decrease the reverse passive Arthus reaction, the delayed

type skin reaction and carrageenan-induced foot pad edema.

In vitro studies by Norn (19,60,61,) have shown that histamine

release caused by both specific and nonspecific stimuli could

be inhibited by gold therapy. Peritoneal mast cells from

gold-treated rats sensitized to horse serum released less

histamine following horse serum stimulation than did cells

from controls. Mast cells from nonsensitized gold-treated

rats also showed decreased histamine release when stimulated

with alpha-chymotrypsin and lecithinase which are both

nonspecific histamine releasing agents.

Trethewie (79) has shown that smooth muscle contraction

in the jejunum of guinea pigs induced by histamine and slow-

reacting substance of anaphylaxis is reversibly inhibited in

the presence of gold salts. Chemotaxis of rabbit

polymorphonuclear leukocytes to an E. coli filtrate has also

been shown to be inhibited by gold (86). Boyle (12) found

that gold inhibits the action of cathespin D, an enzyme that
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stimulated chemotaxis in polymorphonuclear lymphocytes. Gold

has been demonstrated to nonreversibly inactivate the C1

component of complement (72), and to bind to immunoglobulin

in serum, including rheumatoid factor (52, 55). Prosta-

glandin synthesis has been reported by some investigators to

be inhibited in the presence of gold (17,64). However, Stone

and coworkers (76) have demonstrated that gold sodium

thiomalate can suppress the formation of prostaglandin F2-

alpha and stimulate the production of prostaglandin E2 at the

same concentration. Gold has been found to have numerous

effects on inflammatory processes including molecular, fluid,

and cellular phases of inflammation. The therapeutic

importance of these different effects cannot be determined

without elucidating all of the mechanisms of inflammation

involved in the disease process and studying the effects of

gold in these mechanisms in vivo.

Enzyme Inhibition

Gold can influence various enzyme systems, especially

those containing sulfhydryl groups. In the 1940's, Libenson

(45) found that gold was highly reactive with free sulfhydryl

groups on various compounds. Since then, gold salts have

been demonstrated to inhibit various enzymes in vitro. For

instance, gold compounds have been reported to inhibit

enzymes involved in connective tissue metabolism (11,24).
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Bollett and Shuster (11) demonstrated that serum levels of

gold could suppress the in vitro synthesis of glucosamine

6-phosphate through enzyme inhibition. Also, Fujihira et al

(24) have reported a markedly high level of glucosamine

6-phosphate synthetase activity in the inflamed paws of

adjuvant arthritic rats and a good correlation between this

enzyme's activity and swelling of the paw. These

observations support the hypothesis that gold favorably

alters enzyme function in the arthritic patient.

Another enzyme system demonstrated to be affected by

gold is that of oxidative phosphorylation. Whitehouse (87)

noted uncoupling of oxidative phosphorylation in cartilage

slices treated with gold sodium thiomalate. While an

increased oxygen consumption in mitochondria has been

observed in adjuvant arthritis, Baumgartner et al (9) were

able to suppress toward normal the in vitro oxygen

consumption using gold sodium thiomalate.

Possibly the most pertinent observations of enzyme

inhibition by gold deal with its effects on lysosomal

enzymes. Numerous studies have shown gold to be concentrated

within cells and specifically within lysosomes (10,35,62).

Persellin and Ziff (66) demonstrated an in vitro inhibition

of the lysosomal enzymes acid phosphatase and beta-

glucuronidase. They also determined that after incubation of

macrophages with gold sodium thiomalate, subcellular
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fractionation of these cells showed inhibition of enzymes

located only within the lysosomal fraction.

Davis and co-workers (15) have shown a sixty-seven

percent reduction in albumin degradation as a result of

enzyme suppression in lysosomes isolated from gold-treated

rats. Hawkins and co-workers (31) found that extracts from

tissue cultures of rheumatoid synovium degrade cartilage.

When gold was added to these cultures, the rate of

degradation was decreased. Because cartilage degrading

enzymes have been identified within lysosomes of synovial

cells, these authors suggested that the reduction in

degradation was a result of decreased lysosomal enzymes

release or function. Since the enzymes within lysosomes have

been implicated more than other enzyme systems in the

pathogenesis of tissue destruction in rheumatoid arthritis,

they are considered to be one of the major areas of gold

action and could be the cause of the subsidence in

inflammation experienced by patients treated with gold

compounds.

Protein Interaction

Gold's reactivity with sulfhydryl groups make it a good

candidate for interaction with not only enzymes but other

proteins as well. A number of investigators have suggested

gold's interaction with various proteins to play a role in
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its clinical efficacy. Silvestrini (74) hypothesized that

nonsteroidal, antirheumatic drugs found their activity in the

ability to stabilize proteins and to protect these proteins

from denaturation. Gerber (26) reported a decrease in

albumin denaturation by heat and urea in the presence of gold

thiomalate. Later, he also reported (25) that gold

thiomalate inhibited heat-induced aggregation of human

gammaglobulin. Since aggregated globulins have been shown to

be inflammatory and an antigenic stimulus for the formation

of rheumatoid factors, Gerber postulated that gold-induced

stability of protein would lead to decreased inflammation and

subsequent decrease in antigenic stimulation.

Gold's interaction with collagen has also been

investigated by Adam and co-workers (2,3,4). They have

reported that collagen fibers isolated from the tails of rats

treated with gold sodium thiosulfate exhibit an increase in

the number of crosslinkages and higher structural stability.

Upon further study of these collagen fibers (5,6), they found

an increase in shrinkage temperature, a prolongation of

contraction and relaxation time, and a decrease in swelling

due to acid. These changes were attributed to crosslinkage

of the fibrils by the gold ion. Adam and co-workers noted

that the increase in crosslinking of collagen decreased its

liability to denaturation and to enzymatic degradation.

These authors suggested that the gold induced collagen
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crosslinking decreases the rate of autoantigen formation,

thereby altering the course of the disease. It was also

noted that the delayed onset of action of these phenomena

correlated well with the delayed onset of clinical response

to gold therapy.

Immune Function

Clinical and experimental evidence suggest that

immunological processes could contribute significantly to the

pathogenesis of rheumatoid arthritis. Several authors have

reviewed the altered immunologic reactions observed in

rheumatoid arthritis (89,90). Some of the observations

include lymphocyte aggregates in the subsynovial tissues, the

detection of lymphokines in the synovial fluid, hypergamma-

globulinemia, autoantibodies such as rheumatoid factor and

antinuclear factor in both the serum and synovial fluid,

and evidence of immune complexes in both serum and synovial

fluid. Numerous investigations have been carried out to

study the influence of gold on these various immunologic

reactions.

Experimental animals have been used to study the effects

of gold on a variety of immunologically mediated diseases.

One such model involves adjuvant arthritis in rats. Newbould

(59) suggested that gold treatment might suppress both

primary and secondary lesions in adjuvant arthritis, but he



was unable to show a significant difference between treated

and untreated animals in the spread of the arthritis to

uninjected joints. Jessop and Currey (36) also failed to

show suppression of adjuvant arthritis in a different strain

of rats as a result of gold treatment. However, Walz and co-

workers (84) have shown that gold thiomalate significantly

decreased inflammation in the primary and secondary lesions

of adjuvant arthritis.

Another model of altered immunologic reaction used to

study the effects of gold is that of experimental allergic

encephalomyelitis (EAE). This disease is considered to be a

delayed type hypersensitivity reaction to brain tissue and

can be transferred to normal animals through sensitized

lymphocytes. Walz et al (85) found gold sodium thiomalate

and gold thioglucose to significantly delay the onset of EAE

in Lewis rats but not to inhibit its development. They

observed the same delaying effects on EAE in rats following

treatment with nonsteroidal anti-inflammatory drugs, while

immunosuppressive agents were demonstrated to prevent the

disease. Gerber and colleagues (27) also reported a delay in

the onset of EAE in rats as a result of treatment with gold

compounds. Gerber (27) studied both the development of

disease and the transfer of disease to untreated rats. Their

findings suggested that gold's action could not be assigned

to the step of antigen processing because lymph node cells
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from gold treated rats were still capable of transferring

EAE. Therefore, Gerber et al (27) proposed that gold

compounds might act as anti-injury agents in target tissues

as a result of their anti-inflammatory properties. The above

observations could be interpreted to mean that gold's mode of

therapeutic action does not involve its effects on cellular

delayed hypersensitivity.

Other studies have been performed to further investigate

the effects of gold on T lymphocyte function. Persellin and

co-workers (65) showed no alteration in delayed

hypersensitivity skin tests to diphtheria toxoid or

dinitrochlorobenzene in guinea pigs following administration

of gold. Jessop and Currey (36) have also shown normal skin

tests to purified protein derivative (PPD) in rats treated

with gold.

Several investigators have studied the effects of gold

on in vitro parameters of T lymphocyte function. Peripheral

blood lymphocytes from gold-treated patients have been shown

to have normal blastogenic responses to phytohemagglutinin

(PHA), PPD, streptokinase (18) and pokeweed mitogen (77).

Baenkler and Scheiffarth (8), however, observed decreased

blastogenic responses to PHA in lymphocytes from gold-treated

patients. Panush (63) has shown a decrease in blastogenesis

after mitogen or antigen stimulation of lymphocytes cultured

in the presence of gold sodium thiomalate. Lipsky and Ziff
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(48) also found lymphocyte cultured in the presence of gold

sodium thiomalate to exhibit a reduced response to

phytohemagglutinin, concanavalin A (Con A), and

streptokinase/streptodornase. Lipsky and Ziff (48) noted

that gold inhibited proliferation when present from the

initiation of the culture, but not when added to cells

previously activated by mitogen, thus suggesting that gold

blocked an early step in lymphocyte activation. Lipsky and

Ziff (48) also observed that the partial depletion of

monocytes from peripheral blood lymphocytes increased the

degree of gold-induced inhibition of proliferation.

Therefore, they proposed that gold blocked lymphocyte

activation by interfering with a monocyte function in

initiating such activation.

Hopkins et al (34) also observed an inhibition of

lymphocyte proliferation due to the presence of gold sodium

thiomalate in murine spleen tissue culture. However, these

authors demonstrated inhibition even when gold was added up

to 60 hours after the activation of lymphocytes with Con A.

Harth et al (29) found the presence of gold sodium thiomalate

in vitro to decrease PHA stimulation, unidirectional mixed

lymphocyte responses, and cell mediated lympholysis. He also

found that normal cellular function was restored when cells

were washed to remove gold following preincubation with gold

salts. Measel (56) has presented data showing an increase in
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the number of T lymphocytes in response to gold. Mice

injected with gold sodium thiomalate after antigenic

stimulation were found to have an increase in the number of

splenic rosette-forming cells from day 3 to day 7 post

injection.

Several investigations on gold effects have involved

studying the humoral response and B lymphocyte functions.

Persellin and co-workers (65) demonstrated no effect by gold

on the primary or secondary antibody response to typhoid and

paratyphoid antigens in rabbits. Jessop and Currey (36)

showed no alteration by gold sodium thiomalate in the

antibody formation to sheep red blood cells in rats.

Scheiffarth and co-workers (70) were able to show enhancement

of immunoglobulin synthesis during the first week of gold

therapy in mice sensitized to sheep red blood cells. They,

therefore, suggested a biphasic effect of gold on antibody

synthesis. Measel (56) has reported data in support of the

biphasic effect of gold. He found that treatment of mice

with gold at the same time that antigen was administered led

to increased numbers of direct and indirect plaque-forming

cells and higher serum titers of agglutinins and hemolysins.

He also noted that the magnitude of this immunoenhancement by

gold was dose dependent.

In vitro studies by Lipsky and Rosenberg (47) showed an

inhibition of immunoglobulin secretion in response to
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pokeweed mitogen as a result of the presence of gold sodium

thiomalate in culture. Petersen and Bendtzen (67) purified

human B lymphocytes and incubated them with gold sodium

thiomalate. These cells were then reconstituted with

untreated, purified monocytes and T lymphocytes and plaque-

forming cells were determined for responsiveness to pokeweed

mitogen. The B lymphocytes showed no responsiveness to

pokeweed mitogen, indicating that the gold interfered

directly with the B cells. These authors also found that

preincubation of B cells with gold sodium thiomalate

inhibited activation by Epstein-Barr virus.

Numerous studies have noted rheumatoid factor titers to

decrease in patients during gold therapy (28,40,50,54,57).

Some patients on gold therapy have shown marked decreases in

circulating IgM concentrations (53). Gottlieb and co-workers

(28) have shown significant depression of gammaglobulins

three months into gold therapy and suppression of IgG, IgA

and IgM at six and twelve months of gold therapy. However,

herpes simplex antibody titers have not been noted to fall

during gold therapy (64), and some report immunoglobulin

levels to remain unchanged (8,77). As Leibfarth and

Persellin (43) point out, many of the effects on the immune

system demonstrated in patients receiving gold therapy may be

epiphenomena (or secondary) to decreased inflammation. The

reduction in rheumatoid factor and other gammaglobulins may
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reflect suppression of disease activity rather than a primary

effect on the immune system.

Gold salts have been observed to accumulate in

macrophages of the rheumatoid arthritis synovium (81).

Several investigations have indicated macrophage

functions are impaired by gold compounds. Secretion

of lysosomal enzymes such as beta-glucuronidase and

lysozyme have been shown to be inhibited by gold

compounds (81,83). The phagocytic capacity of

macrophages has also been shown to be reduced by the

presence of gold (38,82) and gold has been demonstrated to

accumulate specifically within phagolysosomes of activated

macrophages (58). Gold salts have also been shown to reduce

the numbers of C3 and Fc receptors on the surface of

macrophages (71).

Several authors have suggested that gold compounds

interfere with the ability of macrophages to cooperate with

lymphocytes in eliciting an immune response. Lipsky and

Ziff's work (48) showed an inhibition of lymphocyte

activation by PHA in the presence of gold sodium thiomalate.

This inhibition was found to have an inverse relationship

with the number of untreated monocytes added to the culture.

The authors, therefore, suggested that gold acts not by

inhibiting the potential responsiveness of the lymphocytes,

but rather by interfering with a critical function of the
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monocytes in these responses. Petersen and Bendtzen (67)

have also found gold compounds to disturb cooperation

between macrophages and antigen-stimulated T cells, resulting

in the inhibition of lymphokine secretion. Macrophages

treated with gold sodium thiomalate were also found to be

weak supporters of immunoglobulin synthesis in response to

pokeweed mitogen as compared to untreated macrophages.

Since it appears that gold can function as an immuno-

modulator, we propose further investigation of the effects

of gold on the immune system. This study was specifically

aimed at investigating the effects of gold sodium thiomalate

on macrophage/lymphocyte interactions. Initially, mitogenic

stimulation of murine spleen cells in the presence of gold

was assayed to determine the effects of gold on

blastogenesis. Variations of this assay were then used to

study cellular interactions. Macrophages were depleted from

mononuclear spleen cells using a carbonyl iron ingestion

technique prior to incubation of the mononuclear cells with

mitogen and gold to determine the role of macrophages in the

effects elicited by gold. Various times of gold addition to

the culture were used to determine the steps in activation

most affected by the gold. Also, washing the cells with

methyl -D-mannoside to remove gold was used to determine the

reversibility of gold's effects on lymphocyte proliferation.

From these studies, we strove to obtain a better



19

understanding of the mechanisms of action for gold compounds

as they bring about remission in rheumatoid arthritis.



CHAPTER II

MATERIALS AND METHODS

Mice

Inbred BALB/c (Harlan Sprague Dawley, Indianapolis,

Ind.) mice used for all assays were maintained on Purina

mouse chow in institutional facilities. Mice selected for

tissue culture were six to sixteen weeks old.

Spleen Cells

Mice were sacrificed by cervical dislocation and spleens

removed using aseptic technique and placed in a tissue

grinder with Hank's Balanced Salt Solution (HBSS) (Gibco

Laboratories, Chagrin Falls, Oh.). A spleen cell suspension

was prepared by applying gentle pressure to the spleen in the

bottom of the tissue grinder using a fitted plunger. Cell

suspensions were allowed to sit on ice for five minutes to

allow clumps to settle out before layering on lymphocyte

separating media (Bionetics, Kensington, Md.) and centri-

fuging at 400 x g for thirty minutes to separate the

mononuclear cell layer. After centrifuging, the "buffy coat"

was removed and washed two times in HBSS and then resuspended

in RPMI 1640 (Flow Laboratories, McLean, Va.) at pH 7.2,

containing 20 mM Hepes (Sigma, St. Louis, Mo.) 2 mM L-

20
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glutamine (Sigma, St. Louis, Mo.), 100 units/ml penicillin-G

(Sigma) and 100 pgm/ml streptomycin (Sigma) and ten percent

fetal bovine serum (FBS) (Flow Laboratories lot #29101067).

A 40 microliter (pl) sample of cell suspension was removed

and diluted to 20 ml with Isoton (Scientific Products)

solution and counted on a Coulter Counter using standard

technique for mononuclear cells. The remaining cell

suspension was then diluted to the appropriate concentration

with RPMI 1640/10 percent FBS.

Depletion of Macrophage/Monocytes

A modification of Wong's method for depleting

macrophages was used (88). Suspensions of spleen cells were

adjusted to a concentration of 1.25 x 106 cell/ml in RPMI

1640/10 percent FBS. Lymphocyte separator reagent (Technicon

Instruments, Tarrytown, N.Y.) was added in a 4 ml quantity to

16 ml of cell suspension and this mixture was transferred to

a 15 x 150 mm Petri dish (Kimble Plastics, Inc., Toledo, Oh.).

The dish was placed on a rocker platform in a 370C

five percent CO2 incubator and the motion set for three-fourths

speed. After forty-five minutes of incubation, the dish was

placed on top of the poles of two magnets (Fisherbrand,

Pittsburgh, Pa.) embedded in crushed ice in a bucket. The

bucket was rocked gently back and forth ten to fifteen times.

The supernatant was then removed from the dish while still
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sitting on the magnets using a 10 ml pipette, and placed in

another Petri dish. Cold HBSS without Ca2+, Mg2+ or phenol

red (Gibco Labs, Chagrin Falls, Oh.) was added to the

original dish and the dish rocked over the magnets again, and

the supernatant was pipetted off and added to the other

nonadherent cells. This process was repeated twice for a

total of three washes. The pooled supernatants were also

rocked on the magnets, the nonadherent cells removed and

washed by centrifugation at 400 x g for ten minutes in HBSS.

The nonadherent cells were then resuspended to the

appropriate concentration in RPMI 1640/10 percent FBS.

Lymphocyte Blastogenesis Assay

Mononuclear spleen cell suspensions and macrophage

depleted spleen cell suspensions were each adjusted to a

concentration of 5 x 106 cells/ml. These cell suspensions

were cultured according to one of the four following

variations.

1. Volumes of 100 pl each of these cell suspensions

were dispensed into the wells of a ninety-six well flat

bottom microtiter plate (Corning Glass Works, Corning, N.Y.).

Each well then received 100 p1 RPMI 1640/10 percent FBS (cell

controls) or 100 pl of mitogen dilution [Concanavalin A

(Con A), Sigma lot #77C-7390)] in RPMI 1640/10 percent FBS.

Specified wells also received 10 pl of an appropriate
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dilution of gold sodium thiomalate (Myochrysine, lot #2087H,

Merck, Sharp, and Dohme, West Point, Pa.). Each combination

of cells with mitogen or medium alone and gold was cultured

in triplicate. Microtiter plates were then incubated for

seventy-two hours at 37 0C in a humidified five percent CO 2

environment.

2. Volumes of 100 pl of each cell suspension were

dispensed into wells of ninety-six well flat bottom plates as

in the first variation. Each well also received 100 pl RPMI

1640/10 percent FBS or 100 pl of a Con A dilution similar to

that of the first variation. Dilutions of gold sodium

thiomalate in a 10 pl volume were added to specified wells

at intervals of time from culture initiation differing by

eight hours. These intervals spanned the first forty-eight

hours of the seventy-two hour incubation period.

3. Volumes of 1.0 ml of each cell suspension were

dispensed into wells of twenty-four well flat bottom plates

(Becton Dickinson, Oxnard, Ca.). To these wells were added

1.0 ml RPMI/10 percent FBS or 1.0 ml Con A dilution. The

plates were then incubated for twenty-four hours at 370C in a

humidified five percent CO2 incubator. Cell suspensions were

then removed from the wells, the wells washed and the

supernatants pooled. Each suspension was centrifuged at

400 x g for ten minutes, and after discarding the

supernatant, the cells were resuspended in HBSS which was
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40 mM in methyl alpha-D-mannopyranoside (Sigma). After ten

minutes of incubation at room temperature, the cells were

pelletted and resuspended in fresh HBSS with methyl alpha-D-

mannopyranoside and allowed to sit at room temperature an

additional ten minutes. The cells were then washed two times

in HBSS and resuspended in 2 ml RPMI 1640/10 percent FBS for

each well. Samples of these cell suspensions, 200 pl in

volume, were dispensed into ninety-six well flat bottom

plates and 10 pl volumes of gold sodium thiomalate dilutions

were added to specified wells. These plates were then

incubated for an additional forty-eight hours at 37 0C in

five percent CO 2 .
4. Volumes of 1.0 ml of each cell suspension were

dispensed into wells of twenty-four well flat bottom plates

as in the third method. Each well also received 1.0 ml

RPMI 1640/10 percent FBS or 1.0 ml of a Con A dilution.

Dilutions of gold sodium thiomalate were then added to

specified wells in 100 pl volumes. The plates were incubated

at 370C and five percent CO 2 for a forty-eight hour period.

During this time, specified wells had cells removed at twelve

hour intervals and these cells were washed with methyl alpha-

D-mannopyranoside as described above. After washing, the

cells were resuspended in 2.0 ml RPMI and redispensed into

wells of twenty-four well plates. After sixty-six hours of

incubation, 200 pl samples of the cell suspensions in the
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twenty-four well plates were transferred to wells of a

ninety-six well flat bottom plate for labeling with

tritiated thymidine.

In all four cases, labeling and harvesting was performed

as follows. Each well of the ninety-six well plate was

pulsed with 50 pl (0.5 pCi) of tritiated thymidine (I.C.N.,

Irvine, Ca., lot #2093112, 6.7 Ci/mM) for the final six hours

of the incubation period. Cells were then harvested by

aspiration onto glass filtermat discs using a semi-automatic

Titertek cell harvester (Flow Laboratories, McLean, Va.).

Each disc was allowed to air dry before it was placed in a

scintillation vial with 4 ml of toluene-based scintillation

fluid (3.8 liters toluene, 19.0 gm 2,5-diphenyloxazol, 1.14 gm

dimethyl POPOP). The vials were counted in a Packard

liquid scintillation counter for one minute each and data was

obtained in radioactive counts per minute (cpm). The

relative change in thymidine incorporation in cells exposed

to mitogen was expressed as change in cpm ( L cpm):

cpm = average cpm of triplicate experimental wells -

average cpm of triplicate cell control wells

In some instances, this was also expressed by a

stimulation index (S.I.):

S.I= average cpm of triplicate experimental wells
average cpm of triplicate cell controT-we-Ts
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The inhibition of mitogen stimulation due to the

presence of gold was expressed by a percent inhibition (%I):

%1= 1 - cm experimental Con A and gold wells) X 100\ cpm experimental Con A wells

Nonspecific Esterase Stain for Macrophages

Nonspecific esterase stain (44) was used to numerate

macrophages in cell suspensions. Smears were prepared in

RPMI 1640/10 percent FBS to preserve morphology. Slides were

fixed for thirty seconds at 4 0C in fixative containing 100 mg

KH2 P04 , 20 mg Na2 HPO4 , 30 ml distilled water, 45 ml

acetone, and 25 ml thirty-seven percent formalin. Slides

were then rinsed in distilled water and allowed to air dry.

While slides were drying, 0.1 gm NaNO2 was dissolved in

2.5 ml water and 0.5 ml of this solution was added to 0.5 ml

pararosanalin stock (1.0 gm pararosanilin, 25 ml 2N HC1) to

hexazotize for one minute. The slides were then incubated

for forty-five minutes at room temperature in the following

filtered mixture:

0.15 M phosphate buffer, pH 6.3 48 ml

hexazotized pararosanilin 0.25 ml

alpha-naphthyl butyrate substrate 2.5 ml

(naphthyl butyrate 1.0 gm, ethylene glycol

monomehtyl ether 50 ml)

The slides were then rinsed in distilled water and allowed to

air dry before counterstaining with a one half percent methyl
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green solution for one to two minutes. Slides were rinsed

again and air dried before counting. Results were recorded

as percent esterase positive.



CHAPTER III

RESULTS

Pilot Studies

Pilot studies were performed in order to optimize tissue

culture conditions and obtain preliminary results. The

first objective was to optimize the concentrations of

mitogen and gold sodium thiomalate to be used in culture.

Table I demonstrates that a final Con A concentration of

0.5 pg/ml was the least amount of mitogen that gave optimal

stimulation conditions. The final gold concentration was

selected to range from 0.1 to 10 pg/ml in order to cover the

range of 2 to 5 pg/ml of gold attained in the serum of

patients treated with gold. The presence of gold in this

culture did not appear to effect the stimulation of

lymphocytes by Con A (Figure 1). The culture was repeated

using the same concentrations of Con A, but increasing the

concentrations of gold up to 250 pg/ml. The data showed that

at a 0.25 pg/ml concentration of Con A, an insufficient

blastogenic response was observed and that the data obtained

was, therefore, not expressive of the effects of gold on

lymphocyte blastogenesis. The remainder of the experiments

used Con A concentrations ranging from 0.5 to 2.5 pg/ml to

obtain optimal blastogenesis. We also observed gold to

28
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TABLE I

EFFECT OF GOLD ON LYMPHOCYTE ACTIVATION

3H Thymidine Incorporation*
Gol d
Conc. 0.25 pg/ml 0.5 pg/ml 2.5 pg/ml

(pg ml) Con A Con A Con A

0 25,571 + 2,300 45,167 +5,687 21,459 +2,032

0.1 22,648 + 2, 390 39,519 5,647 21,254 + 1,291
(11.4) (12.5) (1.0)

2.0 23,649 + 1,785 48,368 3,692 20,873 + 293
(7.5) (-7.1) (2.7)

10.0 27,438 + 1,202 41,307 533 19,063 + 477
(-7.3) ( 8.5) (11.2)

*Expressed as cpm + standard error of the mean (S.E.M.)
and (percent inhibition).
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TABLE II

EFFECT OF INCREASED GOLD CONCENTRATION
ON LYMPHOCYTE ACTIVATION

3Gold H. Thymidine Incorporation*
Conc.
Pg/ml 0.25 pg/ml 0.5 pg/ml 2.5 pg/ml

Con A Con A Con A

0 972 + 449 7,292 + 824 10,894 + 888

2 1,024 + 155 11,391 +1,223 30,668 + 7 144
(-5.3%) (-56%) (-182%)

10 912 + 100 10,404 + 160 18,988 + 762
(6.2%) (-43%) (-74%)

50 729 + 146 7,866 + 874 16,540 f 1,889
(25%0) (-7.9%) (-52%)

250 349 + 63 5,373 + 522 10,565 + 1,016
(64%) (26%) (3.0%)

as a cpm + S.E.M. and (percent inhibition)*Expressed
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greatly enhance the blastogenic response to 0.5 and 2.5 pg/ml

Con A (Table II, Figure 2). As the concentration of gold was

increased from 2 to 50 pg/ml the enhancement decreased, and

inhibition of blastogenesis was observed at the 250 pg/ml

level. After observing the greatest effect of gold between

the 2 and 50 pg/ml concentrations, subsequent cultures

utilized 2, 10 and 50 pg/ml gold concentrations.

The culture was repeated again using the determined

optimal concentrations of Con A and gold (Table III). In

this instance, we noted a strong inhibition by gold at all

concentrations of the 0.5 pg/ml Con A blastogenic response

(Figure 3). For the 2.5 pg/ml con A response, there was an

inhibition by 2 pg/ml gold and an enhancement by 10 and

50 pg/ml gold. From these results, we concluded that we had

a workable in vitro assay system to study the effect of gold

on lymphocyte blastogenesis. We also noted a varied effect

of gold on blastogenesis. In some instances, blastogenesis

was enhanced by the presence of gold, and in other instances,

gold inhibited the blastogenic response.

The second objective of the pilot studies was to

adapt a procedure for the depletion of macrophages from

a cell suspension to use in the blastogenesis assay. We

utilized carbonyl iron ingestion followed by separation

of cells over magnets to deplete macrophages from

populations of splenic mononuclear cells. Intact
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TABLE III

EFFECT OF GOLD ON LYMPHOCYTE ACTIVATION

3H Thymidine Incorporation*

Gold Conc
pg/ml 0.5 pg/ml 2.5 pg/ml

Con A Con A

0 685 + 316 1,777 + 677

2 -221 + 162 564 + 260
(132%) (68%)

10 -281 + 5 2,645 + 406
(141%) (-49%)

50 -407 + 35 2,273 + 222
(159%) (-28%)

*Expressed as A cpm + S.E.M. and (percent inhibition)
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mononuclear cells before depletion were composed of

twenty-three percent esterase-positive cells and seventy-

seven percent esterase-negative cells, while cells that had

been incubated with carbonyl iron and rocked over magnets

were composed of two percent esterase-positive cells and

ninety-eight percent esterase-negative cells. Table IV shows

the results of two experiments comparing the blastogenic

responses of intact versus macrophage-depleted spleen cells.

In both experiments, responses were low, probably due to the

length of time required to manipulate the cells in

preparation for tissue culture. This time was approximately

ten hours. At the end of this time period, the viability of

the manipulated cells was much lower than normal,

approximately sixty-five percent. Besides the overall low

response, the intact and macrophage-depleted cell populations

showed very little variation. We concluded that we could

incorporate this procedure into our assay system to determine

the effect of gold on lymphocyte blastogenesis and cellular

interactions.

Gold Effects on Lymphocyte Proliferation

Intact and macrophage-depleted splenic mononuclear cells

were cultured with the mitogen Con A for a period of three

days. At a concentration of 0.5 pg/ml Con A, the macrophage

depleted cells exhibited a lower magnitude of response in
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TABLE IV

LYMPHOCYTE ACTIVATION AND CELL DEPLETION TECHNIQUE

Experiment 3H Thymidine Incorporation*
#1

Con A
Conc.
pg/ml Intact Spleen Cells Macrophage Depleted

0 208 10 (1.0) 230 15 (1.0)

0.25 745 35 (3.6) 903 + 119 (3.9)

0.5 968 + 69 (4.7) 1,642 + 46 (4.1)

2.5 202 + 14 (1.0) 360 + 182 (1.6)

Experiment
#2

0 146 21 (1.0) 136 + 32 (1.0)

0.25 253 + 84 (1.7) 111 + 24 (0.8)

0.5 387 + 0 (2.7) 176 + 38 (1.3)

2.5 726 + 57 (5.0) 92 + 8 (0.7)

*Expressed as Z cpm + S.E.M. (Stimulation Index)
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TABLE V

EFFECT OF GOLD ON LYMPHOCYTE PROLIFERATION IN INTACT
AND MACROPHAGE DEPLETED SPLEEN CELLS

Gold 3H Thymidine Incorporation*
Conc. Con A 0.5 pq/ml Con A 2.5 pq/mlpg/ml Intact Macrophage Intact Macrophage

814

14,337 + 909
(11.3%)

2,954 + 308

2, 605 519
(11.8%)

15,753 882 18,465 + 1,507

16, 095 932
(-2.2%)

16,853 +
(8.7%)

179

10 13,189 9 + 1, 29 6 2,182 + 476 15,691 + 1,386 17,498 + 1,660(14.0%) (26.1%) (0.4%) (572%)10 + 1,296 2,182~~~~~ . 47 5 6 1 + 1 3 6 1 , 9 , 6

14,482 + 331
(10.4%)

1,948 86
(34.1%) 17,506 + 1868

(5,2%)

and (percent inhibtion)
*Expressed as cpm S.E.M.

16,158 +U

2.0

50
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terms of A cpm as compared to the intact spleen cells

(Table V). At a concentration of 2.5 pg/ml Con A, the

magnitude of the response was approximately the same for both

populations of cells. As can be seen in Figure 4, gold

appeared to inhibit the proliferative response to 0.5 pg/ml

mitogen, although this inhibition was not significant

(Student's t test). The cell yield was not sufficient to

include the Con A 2.5 pg/ml concentration with an intact

population, so the culture was repeated when sufficient cells

were obtained to include all concentrations of Con A and

gold. As shown in Table VI, the same difference in response

between the cell populations can be seen. The macrophage-

depleted population responded to a lower degree than the

intact population for both concentrations of Con A. In this

instance, the presence of gold significantly inhibited the

proliferative response of the intact population to Con A

(Figure 5), while the response of the macrophage-depleted

population did not significantly change in the presence of

gold. If gold were acting to inhibit lymphocyte

proliferation by interrupting accessory cell function, the

macrophage-depleted cell population would have an increased

inhibition as compared to the intact population. Since this

was not the case, we assumed that gold must also be working

by inhibiting the responsiveness of lymphocytes directly.
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TABLE VI

I. EFFECT OF GOLD ON LYMPHOCYTE PROLIFERATION

H Thymidine Incorporation*
Gold
Conc. Con A 0.5 pg/mi Con A 2.5 pg/mi
pg/ml Intact Macrophage Intact Macrophage

0 9,242 + 169 924 +17 25,043 1,568 12,449 + 1,598

2.0 7,501 + 277 1,067 + 83 21,901 + 1 250 10,815 + 402
(18.8%) (-15.5%) (12.5) (13.1%)

10 7,071 + 279 839 + 46 20,382 + 619 13,428 + 603
(23.5%) (9.2%) (18.6%) (-7.9%)

50 7,563 + 307 1,027 + 45 18,217 + 1 484 13,288 1,204
(18.2%) (-11.1%) (27.3%) (-6.7%)

IA 1^ a A - -

*Expressed as Ll cpm + S.E.M. and (percent inhibition)
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EFFECT OF

TABLE VII

GOLD ON LYMPHOCYTE PROLIFERATION

3 H Thymidine Incorporation*

Gold Conc Con A 0.5 pg/ml Con A 2.5 pg/ml
pg/mi Intact Macrophage Intact Macrophage

0 9,094 + 453 3,658 + 218 16,808 + 1,946 14,977 + 928

2.0 8,151 + 986 3,498 + 271 17,095 + 3,155 15,825 + 816
(10.4%) (4.4%) (-177%) (-577%)

10 7,095 +1,091 2,418 + 172 15,134 + 551 14,981 + 1,173
(22.0%) (33.9%) (10.0%) (0703%)

50 8,122 + 142 2,437 + 259 13,319 + 222 14,857 + 138
(10.7%) (33.4%) (20.8%) (078%)

*Expressed asA cpm + S.E.M. and (percent inhibition)
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We repeated the culture again with similar results. The

macrophage-depleted cells presented a lower response overall

as compared to the intact cells, especially at the Con A

0.5 pg/ml level (Table VII). For those spleen cells cultured

in 0.5 pg/ml Con A, the macrophage-depleted lymphocytes

showed an increased inhibition of proliferation by gold as

compared to the splenic mononuclear cells (Figure 6). This

data would indicate that gold is interfering with the proper

functioning of the macrophage. For those spleen cells

cultured in 2.5 pg/ml Con A, the macrophage-depleted

lymphocytes did not show an increased inhibition of

proliferation by gold as compared to the splenic mononuclear

cells. This data implies that gold is also acting by

inhibiting the responsiveness of the lymphocytes.

Effect of Immediate and Delayed
Addition of Gold

In order to further investigate the effect of gold on

lymphocyte activation and proliferation, we delayed the

addition of gold by lengthening intervals from the beginning

of the culture. When gold was added to the culture at its

initiation, inhibition of the Con A response was observed to

range from 90 percent for intact spleen cells cultured with

10 pg/ml gold to 108 percent for intact spleen cells cultured

with 50 pg/ml gold (Table VIII). Figures 7 and 8 demonstrate

the effect of adding gold at lengthening intervals from the
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TABLE VIII

EFFECT OF IMMEDIATE AND DELAYED ADDITION
OF GOLD TO INTACT AND MACROPHAGE

DEPLETED SPLEEN CELLS

H Thymidine Incorporation*

Time of Con A 2.5 pg/ml
Gold
Addition Gold 10 pg/mi Gold 50 pg/ml
(hours) Intact Macrophage Intact Macrophage

No Gold 22,219 + 4, 217 15, 414 + 516

0 2,120 + 819 1,048 + 283 -1,751 + 39 -105 & 14
(90%) (93%) (108%) (101%)

8 7,674 + 1,588 6,826 + 1,647 -1,739 + 25 -157 + 29
(65%) (56%) (108%) (101%)

16 10,428 + 946 12,185 + 431 -987 + 252 37 + 28
(53%) (21%) (104%) (100%)

24 12,586 1,012 12,103 1 493 755 + 985 1,705 + 32
(43%) (21%) (97%) (89%)

32 15,716 + 553 15,177 + 805 8,273 + 839 8,948 + 1,066
(29%) (2%) (63%) (42%)

40 15,877 + 703 14,402 +1,598 6,590 1,158 5,520 + 257
(29%) (7%) (70%) (64%)

48 13,430 + 1,880 12,147 + 879 6,533 + 1,583 7,095 + 155
(40%) (21%) (71%) (54%)

*Expressed as A cpm + S.E.M. and (percent inhibition)
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initiation of the culture. For 10 pg/ml gold, the resulting

degree of inhibition becomes progressively less pronounced

during the first thirty-two hours of culture. For 50 pg/ml

of gold, lymphocyte proliferation was inhibited at a level of

ninety percent or greater when the gold was added during the

first twenty-four hours of cultures, then was inhibited to a

lesser degree after thirty-two hours of culture. These

findings suggest that gold is acting to inhibit lymphocyte

proliferation mainly by interfering with initial steps in the

sequence of events leading to lymphocyte DNA synthesis, and

to a lesser degree by inhibiting DNA synthesis directly.

This is also supported by the observation that macrophage-

depleted cells were not inhibited to a greater degree than

the intact cells, suggesting that gold is acting directly on

the lymphocytes by inhibiting their ability to proliferate as

well as interrupting an accessory cell function of the

macrophage.

Effect of Gold on Previously
Activated Lymphocytes

The previous experiment suggested that gold inhibited

the mitogenic response mainly by interfering with the initial

steps leading to DNA synthesis. To study this possibility

further, gold was added to cultures that had been

previously activated with Con A for twenty-four hours then

washed with methyl alpha-D-mannopyranoside. As shown in
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Table IX, cells incubated with gold alone following

activation with Con A exhibited a concentration dependent

inhibition of DNA synthesis. If an additional 2.5 pg/ml

Con A was added to the Con A-activated cells at the same time

as gold, an overall increase in the degree of proliferation

was observed (Table IX and Figure 9). In this case, the

presence of gold did not inhibit the incorporation of

tritiated thymidine, except at the 50 pg/ml concentration for

the macrophage-depleted population. These findings suggest

that gold can alter lymphocyte DNA synthesis directly, thus

inhibiting proliferation in response to mitogen, even after

the initial induction phase of lymphocyte activation.

Time Required for Gold Inhibition
of Lymphocyte Proliferation

Splenic mononuclear cells were incubated with 2.5 pg/ml

Con A and either 10 or 50 pg/ml of gold for progressively

longer intervals from the initiation of the culture before

washing with methyl alpha-D-mannopyranoside and reincubating

in media alone. As can be seen in Table X and Figure 10,

gold was required to be present for at least the initial

twenty-four hours at 50 Pg/ml or thirty-six hours at 10 pg/ml

before diminished tritiated thymidine incorporation was

observed. This observation suggests that the inhibitory

effect of gold was not due to an alteration in the uptake or

processing of mitogen by splenic mononuclear cells.



51

TABLE IX

EFFECT OF GOLD ON PREVIOUSLY ACTIVATED LYMPHOCYTES

H Thymidine Incorporation* by
Con A-Activated Lymphocytes Cultured With:

Gol d Conc .
Last 48 hrs Medium Con A
of Incuba. Intact Macrophage Intact Macrophage

pg/ml

0 1,493 + 27 1,659 + 53 2,159 + 170 3,053 + 130

2.0 1,048 +22 1,137 59 2,362-+ 164 3,072 + 78
(30%) (31%) (-9%) (-1%)

10 968 + 28 940 + 47 2,560 + 94 3,241 + 165
(35%) (43%) (-19%) (-6%)

50 483 + 79 364 + 29 2,032 + 43 1,999 + 191
(68%) (78%) (6%) (35%)

*-Expressed as A cpm' + S.E.M. and ( percent inhi bition )
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TABLE X

TIME REQUIRED FOR GOLD INHIBITION
OF LYMPHOCYTE PROLIFERATION

Time Cells 3H Thymidine Incorporation*
Were Washed No Gold Gold 10 pg/ml Gold 50 pg/ml

(Hours)

No Wash 9,654 681 5,209 + 210 1,395 280
(46%) (86%)

1/4 72 + 49 -866 + 55 -367 + 109
(1,303%) (610%)

12 5,335 + 170 2,752 + 160 1,348 + 125
(48%) (75%)

24 5,775 + 169 5,623 + 265 6,066 + 246
(3%) (-5%)

36 8,262 + 303 8,656 + 464 6,550 + 269
(-5%) (21%)

48 10,843 + 602 6,693 + 247 6,451 + 615
(38%) (41%)

*Expressed as L cpm S.E.M. and (percent inhibition)
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CHAPTER IV

DISCUSSION

The mechanism by which gold compounds act to bring about

remission in rheumatoid arthritis is not known. It has been

proposed that gold functions as an immunomodulator. We,

therefore, investigated the effects of gold on lymphocytic

blastogenesis and interactions between lymphocytes and

macrophages.

Our investigations have shown that the presence of gold

in culture inhibits the proliferative response of murine

spleen cells to the mitogen Con A. Inhibition occurred in

the presence of both optimal and suboptimal concentrations of

mitogen. Although Lipsky and Ziff (48) found that inhibition

of human peripheral blood lymphocyte activation was more

effective when suboptimal mitogen stimulation was used, the

results we present corraborate with those obtained by Hopkins

et al (34) who also used spleen cells from Balb/c mice as a

source of lymphocytes. With these cells, they found that

gold inhibition occurred at optimal mitogen concentrations.

When the response of splenic mononuclear cells to Con A was

compared to that of macrophage-depleted splenic lymphocytes,

it was found that the magnitude of the response was
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diminished in the macrophage-depleted populations. The

macrophage-depleted lymphocytes generally did not show an

increased inhibition of proliferation by gold as compared to

the splenic mononuclear cells. This data would indicate that

gold is acting by inhibiting the responsiveness of the

lymphocytes directly. In one instance, at suboptimal

mitogenic stimulation, the macrophage-depleted lymphocytes

did show an increased inhibition of proliferation by gold as

compared to the splenic mononuclear cells. In this instance,

it is possible that the effect of gold on accessory cell

function was sufficient to interfere with the mitogen

stimulation at the highest gold concentration. This data

would support Lipsky and Ziff's (48) contention that gold

acts by interfering with a critical function subserved by

monocytes in the proliferative response.

The results obtained by adding gold at intervals after

culture initiation suggest that gold is acting during the

initial activation steps to some degree, but also that gold

has an influence on events following the initial triggering

of the cells, such as DNA synthesis. When 10 pg/ml gold was

added to the cultures, the main effect of gold appeared to

occur during the first twenty-four hours of culture. When

50 pg/ml gold was added, the main effect appeared to shift and

occur between sixteen and thirty-two hours of culture. This

shift in the time of gold's effect could be the result of
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having more gold available to interact with other systems

within the cells besides those it initially encounters.

Hopkins et al (34) reported results using murine spleen

cells that suggest gold does not act at a very early stage of

lymphocyte activation but may influence an event occurring

after initial triggering of the cells, such as the production

of factors necessary for lymphocyte proliferation. They

noted that most of gold's action appears to be exerted

between twenty-four and sixty hours of culture. Lies, Cardin

and Paulus (46) observed no inhibitory effects of

blastogenesis when gold was added later than six hours from

the start of human peripheral blood lymphocyte cultures.

Lipsky and Ziff (48), using human peripheral blood

lymphocytes, suggested that it was the earlier stages of

activation which were affected by gold.

When gold was present for the final forty-eight hours of

cultures previously activated with Con A, we observed

concentration-dependent inhibition of DNA synthesis. Our

findings support the contention that gold can act to inhibit

lymphocyte proliferation after the initial induction phase of

lymphocyte activation. It is possible that gold inhibited

the production of factors necessary for lymphocyte

proliferation, as Hopkins et al (34) suggested, or inhibited

lymphocyte DNA replication directly.
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When cells were incubated with mitogen and gold for

progressively longer intervals from culture initiation, it

was observed that gold was required for at least twenty-four

to thirty-six hours in culture for diminishing tritiated

thymidine incorporation to be observed. This suggests that

the inhibitory effect of gold was not due to an alteration in

the uptake or processing of mitogen by the splenic

mononuclear cells. This evidence supports Lipsky and Ziff's

(48) findings that gold did not alter tritiated thymidine

incorporation when present during the initial twenty-four

hours of culture. They also reported that gold had no effect

on the binding of radiolabeled mitogens to human peripheral

blood lymphocytes. It is also of interest that the time

required for gold to be present from the initiation of

culture to produce inhibition correlated with the time of

addition of gold to culture when addition was delayed from

the onset of the culture. It would be informative to

determine whether the presence of gold during the second day

of culture alone would have the same inhibitory effect as

previous cultures.

Taken together, these results suggest that in the murine

spleen, gold can inhibit lymphocyte proliferation by direct

action on the lymphocytes rather than by interfering with

accessory cell function alone. The discrepancies between our

results and those obtained by Lipsky and Ziff (48) could be
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the result of the differences between peripheral blood and

spleen tissues. In peripheral blood, monocytes subserve the

function of accessory cells (32). Littman and Hall (49) have

hypothesized that gold inhibits the maturation and

differentiation of monocytes into mature and activated

macrophages. They presented evidence that gold has the

capacity to selectively inhibit some monocyte functions which

are associated with macrophage differentiation. Gold's

inhibition of monocyte maturation would inhibit the

monocyte's function as an accessory cell and, therefore,

their support of lymphocyte proliferation. This would

support Lipsky and Ziff's (48) conclusion that the action of

gold on lymphocyte activation does not result from inhibition

of the potential responsiveness of lymphocytes, but rather

from interference with the ability of the monocytes to serve

as effective accessory cells in the initiation of such

responses.

In spleen tissue, however, the accessory cell

population is composed mainly of resident mature macrophages

rather than monocytes. Littman and Hall (49) also presented

evidence that certain functions, such as the ability to

generate superoxide, which did not require further

differentiation were not inhibited by the presence of gold.

This strengthened their hypothesis that gold selectively

inhibits functions requiring the differentiation of monocytes
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into macrophages. If gold inhibits the differentiation of

monocytes into macrophages, the functions of resident mature

macrophages present in the spleen tissues used for culture

would not be affected by gold. Our findings would support

this hypothesis in that gold appeared to act on lymphocytes

directly, rather than inhibiting accessory cell function.

The direct inhibition by gold of lymphocyte

proliferation could be due to the effect of gold on DNA

replication. Allaudeen et al (7) have demonstrated

inhibition by gold compounds of both in vitro DNA replication

and in situ DNA synthesis. They have also shown that gold

compounds have the ability to inhibit DNA polymerase alpha

activity. The ability of gold to inhibit DNA synthesis and

replication would directly inhibit the ability of lymphocytes

to elicit a blastogenic response to mitogen. This would also

help explain the timing for inhibition by gold. Maximal DNA

replication induced by Con A occurs at two to three days of

culture (34). Our data showed that the presence of gold was

required for at least the initial twenty-four hours of

culture and that gold's main action was exerted between

sixteen and thirty-two hours of culture. These results

suggest that gold inhibits blastogenesis at the approximate

time DNA replication begins. Studies of the effect of gold

on cell cycle in lymphocytes responding to mitogen would be

informative.
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Another possible mechanism of gold action could be the

inhibition of the production of factors necessary for

lymphocyte proliferation. Studies by Crooke and Mirabelli (14)

suggest that gold complexes are potent inhibitors of DNA and

RNA synthesis and bind intercellular proteins. Inhibition of

RNA synthesis would result in an inhibition of protein

synthesis, possibly involving lymphokine production.

Intracellular binding of gold to proteins may also affect the

glycosylation, packaging or secretion of proteins such as the

interferons or interleukins.

Our investigations of the effects of gold on lymphocytic

blastogenesis and cellular interactions have helped to shed

light on the properties of gold as it acts as an

immunomodulator. Future investigations into the mechanism of

action of gold compounds as they are utilized in the

treatment of rheumatoid arthritis should take into

consideration that the remittive properties of gold may be

the result of a synergistic effect of many actions of gold on

cellular systems. Also, a better understanding of the

molecular biology of the immune system and of the disease

state in rheumatoid arthritis will help to illuminate the key

mechanisms by which gold can bring about remission. Once

those mechanisms are known, it is hoped that a new generation

of compounds can be developed that are less toxic while

maintaining remittive activity.
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