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Introduction 

A. Statement of the problem 

'the human iim1Une . system is a complex network of interactions which 

involve lymphoid and nonlymphoid cells as well as many different soluble 
. . . 

factors. ' These various. canponen~s work t<;:gether in a stimulatory .or 
J. 

suppressive manner to regulate the· immune response. Recently, evidence 

has accumulated that a normally occurring plasroa.protein, fibronectin 
... 

(Fn) ·, may function as a soluble mediator of immune function. 

Fn is a high molecular weight glycoprotein which is .found in a sol­

uble form. in plasma and is present in an insoluble form on sane cell sur-

faces.. 'Ihese Fns are known to play an important role in wound healing 

since they are capable of mediating cell-to-cell and cell-to-substrate 

adhesion. Fn can influence the morphology and proliferation ·of scme 

types of·tumor cells and interact with Clq and C3 complement components. 

Fn plays a . role in noninmune host defense mechanisms by acting as a 

potent opsonin for same microparticulates and by st~ulating chemotaxis 

of fibroblasts and monocytes. Fn is capable of binding to monocytes and 

has been shown to enhance monocyte-macrophage mediated lysis of two cul­

tured human tumor cell lines. In the rat, Fn suppresses the mixed lymph-

ocyte reaction and has a cytostatic effect on carcinana cells. Taken 

together, these findings implicate Fn as an irrmune regulatory molecule 

with potential clinical significance. 

In studies using both humans and animals, Fn levels are depressed 

1 
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as a consequence of surgical and accidental trauma, sepsis, ahd severe 

burns. In these conditions, the reticuloendothelial system (RES) shows 

a decreased ability to clear particulate rratter. from the circulation re-

sulting in increased particle deposition in the lungs and kidneys. When 

Fn is ·repleted to normal plasma levels through the infusion of plasma 

cryoprecipitate, normal RES .function is restored· resulting in normal 

lung function and improved per iph~ral 9_irRUlation. Due to the hetero­

geneity of Fn content in·cryoprecipitate, as well as the presence of 

other plasma proteins, investigators are planning the use of ·purified Fn 

for replacement therapy. 

Clinical trials, using purified Fn, will aid in the assessment of 

the in vivo effects of Fn on overall patient condition. However, to de-

termine if Fn simultaneously affects imnune function, in vitro assays· 

provide a less complicated system for study. The research described 

here examines the effect of exogenous plasma Fn on in vitro natural 

killing (NK)-- and mixed lynphocyte culture (MI.C) assays. These a~says 

reflect· imnune events known to occur in vivo and can therefore be used 

bo evaluate Fn's potential to affect immune. function. When clinical 

trials do occur, it will be important to know the regulatory effect Fn 

may have on host immune reactivity. 



B. Review of Related Literature 

1. FibrC?nectin 

a. structure 

Fn is a high molecular _weight plasma protein that ,_,as discovered by 

Morrison and coworkers: in 1948 ana·. design~ted cold insoluble globulin 
. '(t.. • ",; : ·- ' 

(CIG) • Although this molecule has had many names related to its differ--

ent functions, the currently accepted name for this glycoprotein is fi-
. . . 

bronectin (reviewed in Mossessoh and Amrani 1980, Mosher and Furcht 

1981, Yamada 1982). Fibronectin (fibre=fiber + nectere=to bind) exists· 

in at least twO ana possibly three forms. Plasma Fn is present in blood 

and tissue fluids, and cellular Fn is found on cell surfaces and in the 

extracellular matrix. A third form of Fn has been isolated fran amni-

otic fluid which has a slower mobility on ·SDS polyacrylamide gels and· 

contains significantly more carbohydrate than plasma Fn (Ruoslahti et 

al. 1981). '!he plasma form of Fn is soluble at- pH 7 a.ncl has a plasma 

concentration of approximately 0.3 mg/ml. Males have signi!icantly higher 

plasma concentrations than females, and, in both sexes, fibronectin 

levels increase with age (Eriksen et al. 1982). Circulating Fn, with a 

molecular weight of 450,000 daltons, is c~sed of tWo nearly id~ntical 
. I ' 

protein chains of approximately 220, 000 MW., which are linked by a disul­

fide bridge near the COOH terminal end of the polypeptides. Each pep-

tide chain is composed of functional domains that act as binding sites 

for a. variety of substances including heparin, DNA, collagen, Staphylo-
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coccus aureus, and cell membranes. 

·Cellular Fn has a nearly identical amino acid canposition and ter­

tiary polypeptide structure· as plasma Fn, but instead . of being a soluble 

dimer, it exists as ·insoluble mul timers ·and aggregates. Until recently, 

antibodies prepared against either type of Fn have been shoWn ·to cross-

react canpletely with the other type of the same species: recently mono 

clonal antibodies have ·}:)een · prcx1u$ed wh_ic~ react ·only· ~i th cellular 

fibronectin, indicating that there is at least sane structural differ­

ences in the two types of Fn (Atherton et al. 1981) • Cellular Fn may 

also be distinguished from the piasma fonm by carbohydrate composition, 

solubility, and in vivo and in vitro activity (Yamada and Kennedy 1979). 

b. adhesive properties 

Fibronectin mediates a variety of biological activities ·(reviewed 

in Pearlstein et al. 1980) which include cell-cell adhesion, cell-sub­

strate adhesion, maintenarice of normal cell morphology, cell motility 

and spr~ading, and specific binding of macranolecules. The exact mecha~ '' 

nism by which Fn mediates cell-cell adhesiveness is unknom. When ana­

lyzed with immunoelectron microscopic techniques, chick ~eart fibro­

blasts for.m cell-to-cell contact regions that exhi.bit three t~es of 

contacts. Fn was not present in focal contact sites {10-15 nm spacing), 
. . 

but was found in regions of close contact (15-30 nm _spacing) and extra-

cellular matrix contacts (>30 nm spacing) (Chen and Singer 1981) • This 
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indicates that Fn may be acting over intennediate distances to cause a 

general increase in cellular adhesion. Besides. promoting cell-to-cell 

adhesion between cells of the same type, Fn can mediate the adherence of 

one cell type to another cell, ~; e.g., the adherence of blocd granu­

locytes to vascular endothelium (Wall et al. 1982). Fn also act~ as a · 

cohesive molecular glue in·cell-substrate adhesion (reviewed in Akiyama 

et al. 1981). It is able to promote cellular adhesion to a variety of 
. ' . . . . :~ 

surfaces including ·collagen (Pearlstein and Gold 1978.), plastic culture 

dishes (Virtanen 1982), and glass coverslips (Rajaraman et al. 1983). 

c. interaction with tumor cells 

Fn added to transformed cells promotes the return of the cells to a 

nearly normal norphology (Chen et· al. 1978). Normal cells grown in 
·-

vitro display a parallel alignment of cell bodies when cultures became 

dense; i.e., the cells lay side by side and .qo not overlap or grav'l on 

top of each other. This phenanena, known as contact inhibition, is lost 

in many cells wh-ich become transformed by tmnor viruses· or carcinogens. 
-

When Fn is added to these transformed cells, they return to a nearly 

normal morphology (Lipkin et al. 1978) • By some undetenrtined mechanism, 

Fn reconstitution alters the cell's shape and affects the. cell surface 

architecture and cytoskeleton· (Yamada et al. 1976a). 

Fn may have same influence on the proliferation of tumor cells as 

measured by 3H-~ymidine uptake. Young et al. (1981) found that the ad-

dition of serum or affinity purified CIG to cultures of Walker 256 car-
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cinema cells caused a significant reduction in tumor cell proliferation J · 

when ccmpared to controls. This finding has been confirmed in a prelim- · 

inary report by Raynor and Reese ( 1981) • Using other cell types, Bruhn 

and Zurborn (1983)· ~eported that·· Fn concentrations/ of 1 ng/ml to 3 ~/ml 

inhibited HeLa and mouse carcinana cell growth. In contrast, other in­

vestigators have found that.the addition of Fn to transformed .cells has 

no effect on the uptake . of 3HTdR (Chen. et.-~ al. 1978b) ; . glucose or 2-amino 

butyrate (Yamada and Pastan 1976) , or on growth rate and cAMP levels 

(Yamada et al. 1976b). 

d. levels in cancer patients 

There are conflicting report~ concerning plasma Fn levels in cancer 

patients. Pisano ~t al. (1972) reported low Fn levels in patients with 

advanced ·cancer. However, other reports indicate an increa~e in c1rcu-. 

lating Fn fragments :which are the apparent result of ln vivo cleavage of 

the Fn molecule (Parsons et al. 1979) • These ·differences may be due to-·· 

the- type of Fn assay _used in the study.· . Pisano et al. used a liver 

slice assay which measures gelatin bind~ng activity of Fn, whereas Par­

sons et al. used an assay measuring total antigenic activity. Recently, 

Boughton et al. {1982) found that low plasma Fn levels correlated with. 

relapsing episodes of acute leukemia. However, they concluded that this 

correlation was not related to tumor load, but rather was the result of 

secondary recurrent infections. In a study of patients with cancer of 

·the breast or colon, mean antigenic Fn levels were. elevated above normal 
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controls whether the disease was t-hought to be metastatic or not (Choate 
) 

and Mosher 1983) .. , Chemotherapy in patients with. acute ·leukemia is 

associated with a fall in Fn levels (Choate and Mosher 1983, Brodin et 
.. t ·J.._ 

al. 1983) which may contribute to lowered resistance against infection 

in thes~ patients. Thus, when relating Fn levels to the status of walig­

nancy in htnnans, it is probable that Fn concentrations_ flu?tuate as a 

result of other clinical events .(sepsis_ o~ chemotherapy_} , and therefore 

_plasma Fn levels are not a sui table marker of malignancy {Choate and 

Mosher 1983) • 

It has· been suggested by sane that extracellular Fn bound to tUmor 

cells can be correlated with tumorigenicity and-metastatic potential of 
. . 

these cells. This idea is supported by experiments which show that be-

nign tumors do not lose thei.r extracellular fibronectin whereas meta-

static tumors do (Chen et al. 1978a). Despite these findings, the co~-
--

relation bE!tween tumorigenicity in vivo and fibronectin expression in 

vitro has been controversial. Recently, Stenman am Vaheri (1981) ex.:.. 

amined_fibronectin in solid human tumors and- reported that Fn is regu-
- ) -

larly detected as a pericel~~lar matrix around individual cells of soft 

tissue tumors in vivo,· regardless of whether the t1Jmor is maligna_nt o_r 

benign. carcinomas, as well as benign epithelial tumors, were founq to 

be distinctly· Fn negative. From ·these observations it was concluded-

that expression of Fn in spontaneous solid tumors in man is a ~eflection 

of_tissue differentiation rather than a characteristic distinction be-

tween malignant and benign behavior. Gibert et al. (1982) confirmed 

this hypothesis when they examined fibronectin in human breast tumor 



· cells in vivo and in vitro and found that Fn expression by these cells 

reflects ·their mesenchymal or epithelial differentiation rather than 

their malignant potentials. 

e. chemotaxis and opsonization ~ imPlications for ~und repair 

Both cellular and ·plasma Fn.:inaY incr~ase the rate of fibroblastic . 

8 

. migration. As a chemoattractant, Fn promotes the directional migration 

of fibroblasts across a nitrocellulose filter (Gauss-Muller et al. 1981, 

Tsukamoto et al. 1981). This chemotactic effect may be important in 

directional migration of cells in the embryo (Katow et al. 1982), and in 

~und healing. In a study of Fn deposition at wound sites, Norris et 

al. (1982) ~ound that.proteolytic cleavage fragments of Fn could selec­

tively augment tbe recruitment of monocytes into areas of tissue inflam­

mation. . More recently, Yonemasu et ·a1. (1983} have demonstrated that 

non-fragmented Fn can stimulate both chemotactic and randan locanotion 

of peripheral blood monocytes. This ability of Fn to' affect macrophage 

mobility could be i.Irportant in other imnune phenanena requiring macro-

phage cooperation. 

The <;Psonic activity of Fn has also been extensively studied · 

{reviewed in Yamada et al. 1982). Plasma Fn promotes the binqing and in 

gestion of certain· materials by macrophages and other reticuloendo-

thelia! cells. Fn binds to s. aureus and sane other gram positive organ 

isms (Doran and Raynor 1981, Simpson et al. 1982, Myre et al. 1983) , but 

it is apparently unable to bind gram negative organisms (Doran et al. 
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198-2). 'Fibronectin's cpsonic activity may be important in vivo for the 

control of bacterial infections. Patients-with septicemia have de­

creased levels of circulating Fn1 and .studies are being conducted to de­

termine if infusion of Fn into trauma patients will improve their clini­

cal condition (Saba and Jaffe 1980) • 

The chemotactic and- opsonic activities associated with Fn may be 

· important at the site of \t.JOU11d ·repair treyiewed in ~ese et al. 1983). 
·,.. .: . - . 

Thus, Fn may help clear the wound site by ·attracting_ macrcphages to the 

area and by promoting the opsonization of certain bacteria and cellular 

debris. In: addition, Fn's adhesive abilities and its-interaction with 

collagen and fibrl.n may contribute to the stability of newly repaired 

tissue. 

f. immunoregulatory functions 

The inmunoregulatory pr~rties of Fn are just beginning to be 

studied. Fn is produced . and secreted by human ~acrophages ·(Ali talo et 

al. 1980) and recently has been shown to bind to 'human monocytes 

(Bevilacqua et al. 1981) • There is no evidence that Fn is synthesized 

by or binds to lymphocytes (Bevilacqua et al. 1981, Lause et al. 1983) , 

even though it is produced by a variety of other cells including _fibre-

blasts and _endothelial cells. Since Fn apparently does not bind to 

lymphocytes, it is possible ·that the imnunoregulatory properties of Fri 

are due to its interaction with monocytes and macrophages. Beezhold et 

al. (1983) have recently reported that Fn stL'llulates rat macrophages to· 
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secrete a protein that is capable of binding to mature T cells. Lause 

et al. · (1983) have. shown that· Fn is capable of inducing T cell prolifera 
.... 

tion by a process dependent on a critical number of macrophages. Perri 

et al. ( 1982) studied . the in vitro monocyte-macrophage mediated cytox- . 

icity against two cultured human tumor lines, Malme melanoma and CAK-1 

renal careinana cells ·and found that the addition of Fn enhanced macro­

phage mediatea cytoxicity 2.:..4 fold. Taken together, ·th~se findings i.111-

plicate fibronectin as a potentially in{:x:)rtant circulating molecule that 

may play a role in the regulation of ~une function. 



2. Natural killer cells 

Natural. killer cells were discovered only 8 years ago during 

efforts to study natural cell-mediated cytotoxicity. What began as an 

"annoying incidental observation" has ·expanded into a broad area of 

research and discovery (;reviewed in Herberrnan, 1982c). NK functional 

11 

activi~ was originally identified as an immediate cytotoxic response to 
. . .. :·~ 

tumor cells in vivo. Now, however, there are many recognized fun9tions 

of NK cells. NK cells belong to a subclass of lymphocytes termed null 

cells, which are considered to be neither T nor B cells. NK cells 

appear morphologically to be large granular lymphocytes (LGL) with a 

relatively high proportion of dytoplasm that contains azurophilic gran-

ules and a kidney shaped nucleus (Timonen et al. 1981) • These cells 

may be isolated ·fran . blcod by use of a density gradient prepared wi t..l-l 

Percoll, an inert silica polyriter (Timonen et al. 1980) • ·-rn humans, the ~ . · 

·highest proportion of LGL's is. found in the perpherial bloed where they 

comprise 7% of all mononuclear cells (Herberman 1982a). ·~n individual's 

NK activity · is relatively consistent over a period of several years and . 

· a person exhibiting high NK activity will remain a high responder over 

time (Pross et al. 1982) • 

NK cells, in addition to macrophages, provide the body's first line 

of defense against malignant growth. In the. mouse model system, de;_ 

pressed NK activity correlates with an inability to effectively clear 

tumor cells in· vivo (Pollack and Hallenbeck 1982). Lack of tumor 

clearance can then lead to increased metastasis of various types of 
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tumors (Hanna 1982, Gorelik et al •. 1982). However, not all tumors are 

susceptible to attack by NK cells. The nature of the target antigen 

reccgnized by NK cells is poorly understood, but it is thought that tumor 

cell di.fferen~iation play~ sane role in mcrlulating its susceptibility to 

NK mediated .lysis (Werkmeiester et al. 1982a and 1982b). 

The human NK cytolytic :process proceeds through a series of complex 

events which have receni:ly been resolved ~nto severai·clearly defineable 
,. ' .. · : ~ ' .. ' 

steps (Hiserodt et al. 1982a). First, the NK cell recognizes and binds 

to its target cell. This binding is rapid, temperature insensitive and 

requires ~++. Next, the NK cell becanes "activated" and modifies the 

surface of the target cell rendering it susceptible to lysis. This step_ 

is Ca++ dependent, occurs optinially at 37 C arid is sensitive to the 

effects of various pharmacological age~ts including lidocaine and pros-

taglahdin E2 (Hiserodt et al. 1982b). Subsequent to these events, the 

NK cell can detach fran the target and cytolysis will proceed. The de­

tached NK cell is then recycled after a certain refractory period, and 

may form conjugates with and .lyse other target cells. The actual lytic 

mechanism most likely involves the secretion of NI< cytotoxic factors by 

the effector cell (Wright_ ~t al. 1983). NK cells are capable of mount-

ing this cytolytic attack on a target cell immediately upon contact, 

without the need for prior sensitization or recognition of determinants 

coded by the major histccanpatibility complex. 

In addition to cytotoxicity against tumor cells, ~lK cells may also 

exhibit killer activity against various microbial agents: virus in-

fected target cell~,- (Rager-Zi~ et al. 1982), parasites (Hauser 1982), 
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fungi and bacteria (Roder et al. 1981) -. It has also been suggested that 

NK cells may play a role in the destruction and/or control of growth and 

development of sane normal hematopoietic and thymus cells (Reder et al. 

1981) ;, They also contribute to the rejection of bone marrow transplants 

and participate in graft vs.host disease (Herber.ffian 1982b). 

Macrophages are ~rtant regulators of NK cell activity. Sane 

studies ·indicate that ·human: mon~tes .· (Jo~dal et al. : 19~1) . and broncho­

alveolar mactophages (Bordignon et al. 1982) can suppress· or inhibit NK 

activity. Due to the presence o~_suppressor monocytes, NK activity is· 

decreased after surgical trauma in cancer patients (UChida 1982) and in 

transplant patients (Ono et al. 1982, Guillou et al •. 1982). Although 

monocytes ~d nia<?rophages have been implicated. as regulators of -NK func­

tion, there is no published evidence that macrophage presence is re~ -

quired for· the occurrence of cytolytic killing by LGL cells. 
·-

!A positive relationship between NK cells arii macrophages may be 

~iated, by interferon in both an:i.mal mcdel -systems and humans. (reviewed 

in Ununae 1981) • The effects of interferon on NK acti vi_ty have been ex­

tensively studied (Herberman ed. 1982c) •. NK cell activity in,vivo is 

generally increased by interferon inducers. This increase can be im­

paired by the injection of agents that are toxic for macrophages. · Sim­

ilarly, the increase in NK activity produced by incubation of spleen 

cells with interferon inducers is eliminated if macrophages are depleted 

(Djeu et al~ 1979) • 
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3. Mixed lymphccyte reaction 
/ 

In 1963, the first report appeared in the literature stating that 

lymphoblastic proliferation occurred in cultures containing lymphocytes 

from blo unrelated indiv~duals (Bain et al. 1963). Hirschhorn et al. 

(1963) confirmed that·the mixture of lymphocytes from unrelated indi-
'<. 

viduals led to cell enlargement am division, and Bach and Hirschhorn 
• • • •• ~ • • • • •• ~ w 

(1964) were the first to suggest that the degree of transformation in 

MLR might prove to be a useful quantitative measure of histccanpatibi1-
- . 

i ty. Since· that time, the MLR has becane an extensively used in vitro 

test of genetically controlled ~tigenic recognition and is routinely 

used as a measure of donor-recipient campatibili~ for human allografts. 

Many investigators have studied the interactions between different 

cell populations which ·are required for a proliferative response in the 
·-

MLR (reviewed in Dupont et al.- 1976). r.-t.acrophages are considered to ~ 

the major stimulatory cells in the MLR due to their expression of anti­

genic determinants coded by the Ia region of the major histOcompatibil­

itY catq?lex (MHC) (Rode and Gordon 1973, Ahmann et al. 1979). Excellent 

stimulation in the MLR has been' achieved_ with highly purified popula­

tions of peritoneal and alveolar macrophages as well as spleen cells. 

Although B cells also bear Ia antigens, these cells were poor at stimu-

lating and/or triggering T cells (Grein~er et al. 1976) • There are 

several reports in the literature claiming stimulation by B cells, but 

these studies did notceliminate phagccytes from the stimulator cell .pop­

ulation (reviewed in Davidson 1977). Minami et al. (1980) confirmed 
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the lack of stimulation by·B cells and pointed to macrophages as the 

major. stimulatory cell. _ In their experiments, the degree of prolifera-

tion closely correlated with· the number of phagocytic cells. Also, 
;-"'.. 

'treating sttmulator cells with antibodies against .Ia antigens will in-

hibit the .MLR (Albrechtsen et al. 1977) • These studies and others, have· 

confirmed that the I reg-ion _of the MHC codes for· the antigens respon-

sible for the MLR. Since the MLR repres~nts a como lex set of cellular· 
.. - .·. -

interactions known to Control ~ne function, it provides a tool for 

studying the effects of. immunoregulatory molecules. 

There·· is currently no published literature concerning the effects . 

of Fn on the human MLR. However, in the rat, Lause et al. (1982) found 
. . 

that Fn added to the MLR consistently caused a dose dependent inhibition 

' of the proliferative response. Fn may be acting to suppress the MLR by· 

inducing macrophages to produce suppressor factors which may either mask 
·-

Ia~like antigens needed for stimulation or block the T cell proliferative 

response through sane unknown mechanism. 

\ 



Materials and Methods 

A. Materials 

1. Media: 

Utll.ess otherwise illdicated, the culture media· used was RPMI 1640 to 
. . --~ 

which was added with 100 U/ml streptanycin, 100 U/ml ·penicillin, 0.25 

mcg/ml fungizone, 2mM glutamine, 25mM Hepes and 2.0 gm/1 tissue grade 

sodium bicarbonate (all reagents from Gibco) • When indicated, bovine 

serum albumin (BSA) (Sigma), or fetal calf serum (FCS) (Flow ·Laborator-

. ies) was added ·to RPMI. 

2. K562 cell line: 

This myelogenous · leukemia cell line, established· by Iozz io et al. 

(1975) was kindly provided by Dr. Hsia, and was maintained in continuous 

culture at 37 c, 5% co2_ in RPMI supplemented with 20% FCS. Cells were 

fed every too or three days and diluted sufficiently to maintain the 

5 
cells at concentrations of 2~7xl0 cells/ml. 

16 
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B. Biochemical procedures 

1. lsolation of Fibronectin: 

Human Fn. was isolated from citrated plasma by affinity 

chromatography on gelatin-Sepharose following a modification of ~e 
' 

method of Rouslahti and Engvall (1978). ~latin (Ia.ll was coupled to 

Sepharose (Pharmacia) by the cyanogen bromide treatment ot Porath et al. 
. ' ' 

(1973) • The gelatin coated Sepharose was batch incubated with plasma for 

2 hours. at ··roan temperature. The slurry was poured into a column and 

washed with phosphate buffered saline (PBS) , pH 7. 4, followed by a wash 

with 1 M urea in 0. OS M tr is 0 .lSM NaCl buffer pH 7. 5. The bound Fn was 

eluted with 4 M urea in tris buffer, pH 7 .5, and concentrate<:] -by vacumn 

dialysis against 0. 01 M tris buffer, pH 7. 5. The final concentration 

was det~rmined by reading the. protein's optical density at 280 nm and 

using an extinction coefficient of 1.28 ng -lml. · ;Fn was filter steril­

ized by pass~ge through a 0. 22 urn filter. . ~ri ty of Fn was checked by 

running samples on 5.0% SDS polyacrylamide gels. Biological activity 

was determined by the ability of Fn to clump gelatin coated beads, and 

S. aureus Williams. When indicated, Fn was prepared in the presence of 

lOmM phenylmethylsulfonyl fluoride (PMSF). which was added to all buffers_ 

used in the isolation procedure. 

2. Labeling of Fn with 
125r: 
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Fibronectin (1-1.5 ng in a final volume of less than· 2 m1 PBS) was 

added to an Iodogen (Pierce Chemical Co.) coated vial (0 .1 mg Iodo­

gen/vial) according to the method of Markwell and Fox (1978) • To this 

vial was added 0.5-1.0 mCi of 125r and the vial swirled gently for 10 

mdnutes. Free iodine was seperated from protein bound 
125r by molecular 

. - -

sieve chranatography on a prepackaged Sephadex · G25 column {PD-10 column,· 

Pharmacia) • · 

3. Preparation of Gelatin~oated beads: 

Gelatin (ICN) was covalently bound to polystyrene latex beads (1.1 

um in diameter,· Sigma) b¥ a modification of the carbodiimide reaction of 

Barker.et al. (1975). Briefly, 1 m1 of a 10% (w/v) su~nsion of beads 

was washed twice in 0. 9% saline and resuspended in 1 m1 saline followed 

by the addition of 120 ul of carbodiimide (Sigma) solution (7. 5 ng/lOrnl 

saline prepared_ in glass). rmmeaiately, 80-ul of gelatin solution (40 

ngjlOml- saline) was added to the mixtu:(~. This mixture was incubated 

for 30 minutes at room temperature with shaking. Nonreact~_ active 

sites were blocked by the addition of 2 ml gelatin solution. After an 

addi tiona! 15 minute incubation the beads were washed 3 times with sa-

line (lOOOxg) anq resuspended in 4-5 m1 of ·PBs, pH 7 .4-. 

4. Plasmin treatment of· Fn: 

I ' 

Fn was cleaved by the ffiodification of a previously published pro- -
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cedure (Balian et al. 1979) • · PlaSmin (Sigma) derived from percine 

blood, was added to 'Fn using an approxima~e enzyme to substrate weight 

ratio of 1:100. Digestion was performed at pH 7.5 and 37 c for 3 hours. 

The reaction was stopped by the addition of lomM E-aminocaproic acid 

(Sigma) and lOrnM phenylmethyl~sulfonyl fluoride (PMSF) (Sigma) • The 

digest was dialyzed extensively against PBS over a 24 hour period and 

then irrmediately run on_. sns ·gels. to assess the eXtent· o:t; cleavage. 
. . .-~ 

5. Quantitative determination of human Fn: 

Tbtal antigenic Fn content of selected Fn preparations were meas~ 

ured using a ccmmercial immunoassay kit fr6m Boehringer rA..annheim eo. 

6. Binding assays: 

125 . . . . . . . 
I labeled Fn ( 0. 02ml) was added to varying concentrations of tar-

get cells suspended in 0. 5 m1 PBS with 3.~ 5% BSA. Cells were incubated 

at 37 C .in 5% co2 for one or seven hours, washed 3x in PBS and centri­

fuged at 200xg for 10 minutes. Supernatants were rem:wed and the radicr 

activity in the labeled cell pellet was measured in a gamma counter. · To 

determine non...:specific adhet"ence. of Fn. t(:f)~~~-, plastic tubes, control 

tubes were set up which containeci no ta_rg~t. c~lls. 
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C. Cellular preparations 

1. Isolation of peripheral blcxxl lymphocytes: 

Blood samples were_ drawn aseptically and defibrinated using sterile 

glass beads.. The blood was diluted 1:3 with -PBS, layered onto Ficoll­

Hypaque (Pharmacia) arid. centrifug~ at· 409xg for 20 minutes follOwing 
~ i: . • • . !- . -

the procedure of Boyum et al. (1968). The lyrrphocyte band was col­

lected with a pasteur pipette and washed 2x with .RPMI media. Mononuc-

lear.cells .. were counted using a hemocytaneter. Cell viability was de­

termined by ~rypan blue dye exclusion. 

2. Isolation of non-adherent cell populations: 

PBL were resuspended in 5% FCS-RPMI and allowed ·to ·settle on a 

lOOxlS mm plastic petri dish (Falcon) for 1 hour at 37 C in 5% co2• 

After 1 hour,. the plate was washed by vigorous.pipetting using-fresh 

RPMI. Washings ·were collected and non-~dherent cells were adjusted to 

the appropriate concentration. 

3. Giemsa staining: 

Cell smears or microtiter plate wells containing adherent cells 

were air dried and placed in May-Grunwald stain (Searle) (0.25 gm in 200 

ml rnethly alcohol) for 3 minutes. Stain \"as decanted and Giemsa stain 
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(30 drops Giemsa in 30 ml deionized water) was added for 15 minutes. 

Giemsa was poured off and surfaces were·. rinsed in deionized water. 

4. Monoesterase staining: 

Cell suspensions in. media plus 10% serum were· spread. on glass 

slides and allowed to a~r dry. Slides were fixed ana·stained following 
:·~ 

the proCedure of Koski et al. (1976). 

s. Labeling of target cells or lymphocytes: 

'6 7 . 
K562 targe·t cells, 10 -10 , were wash~ 3x in RPM! and resuspended 

. 51 
in 0.02 m1 media. .One hundred uCi of Na Cro4 (New England Nuclear) 

were added to cells and allowed to incubate at 37 C for 1 hour with 

occasional mixing. .After 1 hour, the cells were washed 3x in RPr-1..! and 

5 5 . 
adjusted to the W9rking concentration (4xl0 or 8xl0 cells/well). 

D. Cellular assays 

1. NK Assay: 

Target cells tqere dispensed ( 0. 05m1/well) into 96 well round oottan 
4 . 4 

microtiter plates (Cooke) at concentrations of 2xl0 or 4xl0 cells per 

well. Various concentrations of Fn, BSA or media were added in 0. 05 ml 

aliquots. In certain experiments, targets were preincubated with Fn or I' 
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BSA prior to the addition of effectors~ or effectors were preincubated 

with Fn or BSA prior to the addition of targets. When possible 1 0 .1 m1 

of effector cells was added last into the well in such a manner that 

adequate mixing occured• _After all additions were ccmpleted, plates 

were centrifuged at 250xg for 5 minutes. Plates were incubated at 37 c 

5% co2 for 4 or 18 hours. .They were spun at 250xg for 5 minutes, and 

. 0.1 m1 of supernatant was removed and counted in a gcimma counter. Spon­

taneous release (SR) of 51er from targe~ ~ells was dete~ned by adding 

0.1 m1 media to 0.05 m1 targets plus 0.05 n\1 Fn or BSA. Maximum release 

(MR) wells ··contain 0.1 m1 of 5% ·triton x. Percent lysis was calculated 

as: 

experimental cpm - SR cpm 

% Target Lysis = -~----. ----.-- x 100 

MR cpm ~ SR cpm. 

Assays are. performed in triplicate or quadruplicate. Percent spon­

taneous release was determined as SR/MR xlOO. 

2. · MLR: 

PBL were isolated and resu~nded in RPMI with 10% FCS at 2x106 re­

~nder cells/ml and 4xl06 stimulator cells/~. Stimulator cells were 

irradiated for 10 minutes at 110 kvp and 3.5 rnA (Faxitron Series X-ray 

machine) • Stimulator cells were dispensed in 0. OS ml volume into flat 
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bottom 96 well rnicroti ter plates (Linbro) • Fn or control media was 

added in a 0.05 m1 volume. Responder cells were added in a 0.1 ml vol-

ume in such a manner as to insure adequate mixing of cells. Plates were 

incubated at 37 C in 5% oo2 and then l~led on day 5 with 0.5 uCi/well 

of 3H-thymi.di.ne for 16-18 hours. Cultures were harvested onto glass 

fiber filter disks using. a .Brandel model 12V·cell harvester._ Radio­

activity retained on the filter disk was measured in :a scintillation 
. . ' ' ' . :·~ -

counter using 5 m1 of Ready Solv liquid scintillation fluid (Beckman) 

dispensed into vials containing the filter disks. MLR results. were c~l~ 

culat~ as .. mean cpm of responders alone (Rx) subtracted fran the mean 

Cfill of the allogeneic response (RxSx) ie., mean (RxSx) -mean (Rx) + SE of 

triplicate or quadruplicate samples. 



Results and Discussion 

A. Fn preparations 

In the research reported here, sixteen different Fn preparations 
. . 

were isolated by gelatin-Sepharose affinity chromatography. Eight of 

these .F.ns were. from individual plasma donors, while fhe remaining eight 
. . .. 

were made from the byprooucts of fc;lctor VIII production (slime A). Ten 

preparations were analyzed on 5.0% SDS polyacrylamide gels under both 

reducing and nonreducing conditions. Five preparations were treated 

with plasmin and then analyzed on, SDS-gels. In addition to Fns prepared 

by the author, ·t~ Fn preparations were obt~ined from outside sources. 

Representative gels of the Fn preparations are shown in Figure 1. 

Periodically, the biological activity of the preparations used in this 

research was determined by their ability ~o agglutinate gelatin coated 

latex beads and to bind to Staphylococcus aureus. Representative prep­

arations were tested for antigenic activity by the use of a ccinmercial 

inmunoassay kit, and fourid to have similar or higher Fn concentrations 

than measured by optical density at 280 nm and using an extinction coef­

ficient of 1.28 mg-1m1. 

B. Natural Killing Results 

Initial NK assays were performed to demonstrate· that the experi­

mental procedures used.resulted in adequate levels of killing and to de-

24 



Figure 1. Polyacrylamide disc gel electrophoresis of Fn preparations. 

_., 

Fn preparations were run on 5. 0%- SDS polyacrylamide disc gels under reducing 

and non reducing conditions. Beginning with lane 1, gels show non-reduced 

preparations of 1) JD Fn(3-3) and reduced preparations of 2) JD Fn (3-3), 

3) JJM Fn, 4) slime A Fn (1-3), 5) slime A Fn (1-10), 6) JG Fn (5-20) plasmin 

cleaved, 7) slime A Fn (5-20) plasmin cleaved. 



1 2 3 4 5 .. 6 7 
--•. ~,· ~~~~~~:t~~~~~~ 

~ 

-- -
· • .~.r~···· 

. ~-... ·.-.... 

~~.' 
·~.Wjil'.". . 

i• 

.,~} . 
. 

. 
. 

25 



26 

termine if either fresh or frozen cells could be used as effector cells. 

Adherent cell depleted mononuclear cells from seven different donors 

were used as effector cells in these e.""Cperiments at effector:target 

{E:T) ratios ranging from 5:1 to 100:1 •. The results of two typical .exper­

~ents are shown in Table 1. These expertments·demostrate adequate kill-

ing over a wide range of. effector:target ratios. The percentage spon­

taneous ·release, as calculated by_· the formula given fn ~terials and 
. . : ~ . -f 

Methoos, was consistently lower than 15%. Throughout these and subse..,. 

quent experiments, same donors shewed consistently high ~T.K mediated cyto­

toxicity_ against K562 while other d~nors di~layed low levels of killing. 

Effector cells were · normally isolated and used on the same day. 

However, in searching for a more convenient approach, effector cells 

were frozen in a controlled rate freezer and stored in liquid_ nitrogen 

unt:il use, or, following isolation, cells were left in media at 4 C over-

night -arrl used the following day. Although viability of-cells stored in 

liquid nitrcgen was consistently greater then 90%,_ the killing ability 

of these celis was significantly diminished ;rom fresh cells as shown in 

Table 2. Staring cells overnight for use the next day did not alter NK 

activity (Table 2). This same effect was seen using donor cells DF and 

~ (data not shown). Thus, in all further experiments, effectors were 

freshly isolated and used within a 24 hour per~od. 

To determine lf Fn mediated a dose-dependent effect on NK cytotoxi-

city,. NK assays were performed .using E:T ratios ranging from 5:1 to 

100:1 and Fn concentrations ranging from 0 ug/ml to 500 ug/ml. Adherent 

cell depleted mononuclear cells isolated from four different individuals 



Table 1: NK activity against K562 cells 

E<pt. 1 Expt .• 2 

E:T ratio % lysis .. E:.'f ratio % iy~is 

5:~ 27 + 3 10:1 21 + 2 
10:1 41 + 2 25:1 39 + 3 
20:1 52 + 3 35:1 49 + 3 
30:1 . 68 + 5 50:1 60 + 4 
50:1 76 + 4 70:1 65 + 4 

NK activity of two different effector cells againE?t 
K562 target cells. cytotOKicity is given as mean ,% 
lysis + SE of triplicate cultures. Donor cells 
used were 1) JW, 2) DF. 

27 



Table 2: Ccrnpar ison of effector cell types 

effector cell type 

JD 

DDo 

fresh 
frozen 

same day 
next day 

% lysis 

50% 
.. 

12% 

55% 
52% 

.. 

Comparison of NK activity using either a) fresh 
or frozen effector cells, or b) cells used 
inmedi~tely after isolation or the next day. 
All E:T ratios shown here are 30:1. 

28 
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were used as effector cells in these exper L-nents. Bovine sert.nn albumin 

(BSA) was used as a control for non-specific protein interactions. Re­

sults of a representative experiment of four experiments are shown in 

Table 3. At _each of' the E:T ratios shown, ·neither Fn or BSA at any con-· 

centration tested produced a significant difference in percent lysis~ 

The Fn used in this experiment was freshly prepared immediately before 

. use from a single plasma donor (r.Mo) •. 

In order to determine if this lack of effect was restricted to this 

single Fn isolate, a separate experiment was performed in which two dif­

ferent Fn pteparqtions were used with effector cells from one individual 

(DF). Revlon 34 Fn and slime A Fn (7-20) were diluted to achieve a 
. . 

final concentration of 264 ug/ml and added to 4 hour NK assays using E:T 

ratios ranging from 2.5:1 to 50:1.. The results of this experiment 

(Figure 2) indicate that no significant effects on NK activi~ were ob­

served with either Fn preparation. Using yet another cell donor (JW) in 

a dose-response ~riment, Revlon 34 Fn at 0, 300 or 500 ug/inl showed 
) 

no effect on NK activity (Figure 3). Two additional experiments, using 

_ cell donors JD and JG, also showed no Fn effect (data not shown). 

In an effort to determine if Fn interacts with monocytes to play. a 

role in NK activity,· experiments were performed. using both adherent de-

pleted and whole mononuclear cell preparations. In experiments using 4 

hour assay conditions, whole mononuclear effector cells showed slightly 

higher percent lysis of target cells than did adherent depleted cells. 

Fn, added at concentrations of 100 ug/ml or 300 ug/ml, did not alter NK ac-

tivity in ~ither the presence or absence· .of effector cells containing 



Table 3: Dose-dependent effect of Fn on NK cells 

· Effector:Target Ratios 

. .. 5:1· . 
Treatment 

0 media -0.1 + 3 

50 ug/ml ... BSA -0.3 + 3 
Fn 0.7 + 3 

100 ug/ml BSA -0.5 + 3 
Fn 0.6 + 3 

200 ug/ml BSA -0.5 + 3 
Fn -o.6 + 3 

300 ugjml BSA. -0.9 + 3 
Fn -0.3 + 3 

15.:1 .. 

10 '+ 4 

8 + 4 
10 + 4 

7+4 
9 + 4. 

7 + 4 
8+4 

7 + 4 
8 + 4 

30:1 . 

20 + 7 

21 + 6 
17 + 6 

21 + 6 
14 + 5 

17 + 5 
14 + 5 

17 + ·5 
16 + 5 

30 

50:1 

27 + 7 

30 + 7 
25 + 6 

26 + 6 
25 + 6· 

. 25 + 6 
25 + 6 

23 + 6 
23 + 6 

Influence of increasing Fn r:tib·7-25 concentrations on NK activity 
using effector cells fran donor JG. Values are mean % lysis + SE. 
Fn and BSA treatments were not significantly different by Student's 
t analysis. 



Figure 2. · Effect of Slime A Fn. and Rev 34 Fn 011 ~ Activity.·· 

Influence of two different Fn preparations on NK activity using DF effector 

cells. Proteins present at 264 ug/ml: ( ·_. ) Rev 34 Fn, ( • ) Slime A Fn, 

and ( ·• ) BSA control. . Results are expressed as mean % lysis + SE. 
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Figure 3. NK Activity at Two Fn COncentrations. 

NK activity of JW effector cells in the presence of media alone ( e) , BSA 

control ( •) , or Rev 34 Fn ( • ) • Protein concentration was either 300 or 

soo ug/ml as indicatea. 
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monocytes. A second experiment using different effector cells, showed 

s~ilar results (Figure 4) • In the presence of ~00 ug/ml or 500 ug/ml, 

Fn did not alter cytolysis of I<562 by either non-adherent effector cells 

or effector cells containing monocytes. These expertments indicate that 

in a 4 hour assay system, monocytes in,concentraticns normally present 

in whole mononuclear cell preparations, do not interact \'lith Fn to cause 

a change in NK cell mediated lysis~ · · 

Monocytes are known to have cytolytic activity in 18 hour assay sys­

tems. Unlike NK cells which only require 4 hours for killing, monocytes 

·need at·least 18 hours to kill target cells (~erberman 1982a). There­

fore, experiments were performed using 18 hour incubation periods; One 

representative experiment is sh~ in Figure 5. Compared to the 4 hour 

system, higher percent lysis was achieved in the 18 hour assay: however, 

the presence of Fn had no effect on cytolysis either in the presence or 

absence of monocytes. 

Next, adherent depleted cell preparations were used in 18 hour 

assays to determine if pre-treatment of Fn with cells would affect ~1< 

_activity. Effector cells or chranium labeled target cells were preincu­

bated with 93 ug of Fn or BSA per well, or media for a period of' 4 hours. 

At the end of the incubation period, untreated targets or effectors were 

added and after 18 hours, chrcmium release was measured. As can be seen 

in Figure 6, cell lysis was not altered by the pre-incubation of Fn wi t.h 

either K562 targets or effectors. 

Experiments were also performed to assess Fn's ahility to bind to 

K562 cells. In the first experiment, 13 ug of radiolabeled ·slime A· Fn 



Figure 4. NK Activity using Adherent-Depleted and wbole Mononuclear 

Cell Preparations as· ·Effectors. 

NI< activity of two different effector populations from donor JW: hatched 

bars represent whole-mononuclear cell populations, nonhatched bars represent 

adherent cell depleted· effectors. Clear bars are media co~trols, ope~ circled 

bars represent assays perfo~ed in the presence of ~00 ug Rev 34 Fn/ml, dotted 

bars with 500 ug Rev 34 Fn/ml. 
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Figure 5. NK Activity in 4 and 18 Hour Assays in the Presence or ~bsence of 

Monocytes. · 

~~ activity is shewn in 4 (left panel) or .18 (right panel) hour assays. Open 

figures (0, O) show JD whole mononuclear cell preparations, while solid 

symbols ( • , 0 ) represent JD non-adherent effector ·cells. Dotted lines 

represent Fn treatment (500 ug Rev 34/ml) ,-"solid lines represent media 

controls. Values are given as mean % lysis. Error bars are not shown as 

none of the values differed significantly from media controls using the 

Student's t test. 
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Figure 6. Effect of Pretreatment of Effectors or Targets with Fn. 

NK activity usirg DF effector cells (Panel A) or target cells (Panel B) 

preincubated with 465 ug/ml of DDo Fn. 
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was added to tubes containing various numbers of K562 cells. Table 4 

shows the amount of 
125

I-Fn bound to these cells at the end of 1 hour 

37 

incubation. In a second experiment 12 ug of a radiolabeled single dooor 

Fn was added to K562 cells and incubated for seven hours. Significant 

binding of Fn by target cells was not demonstrated in either experiment. 

By calculating the amount of radioactivity per molecule of Fn, one can 

estimate that <100 molecules of Fn were bound to each K562 cell. Sur-.·. 
face cellular receptors known to mediate ~une function, are present on 

cell surfaces in considerable numbers. For example, on thioglycollate 

induced rat:macrophages, 1x105 Fe receptors/cell have been detected 

(Ezekowi tz and Gordon 1982) • Thus ·it would appear unlikely that the 

small amount of Fn bound to K562 cells would be able to interfere or 

potentiate imnune reactivity direct~ against these cells. 



Table 4: K562 binding experiment 

cell concentration mean cpm ± SD 

0 131 + 26 .. 

.. 
lxl06 387 + 16 

2.5xl06 591 + 14 

·· 5xl06 822 + 189 

8x106 794 + 115 

~sults of 12~I-Fn binding to K562 tr2§et cells 
after a one hour incubation. Total . I-Fn . 

... _ added_ per tube_ was· 13 ug or 7 45, 348 cpm. 

38 
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c. NK Discussion 

NK cells ·are thought to act as an important first line defense 

against tumor development because. of their ability to rapidly lyse tumor 

cells, virally infected cells and other types of target ~ells. Before 

lysis can cccur, the NK cell must effectively bind to the target cell 

via sane cype of receptor-ligand .interact;on (Hiserodt ~t al~ 1982a). 

Because Fn is present on the surface of some types of tumor cells (Sten~ 

man and Vahaher i 1981, Gibert ~t_ al. 1982) and is also ·known to promote 
.. . ( . ::. .. . . . . 

cell-to-cell (Yamada et al. 1978) and cell-to-substrate (Rajaraman 1983) 

adhesion, experiments were performed. to examine the possible role of 

plasma Fn in NK. cell mediated lysis. 

During the course of these experiments, numerous conditions were 

varied in an attempt to show a Fn effect. on NK cell mediated lysis. 

Parameters which were varied included: E:T ratios, source ar~ concentra-

tion -of Fn added, presence or absence of monocytes, length of incubation 

times and pre-treatment of effectors or target cells with Fn. 

The finding that frozen effector cells exhipi t lower killing abil­

ity than fresh cells is consistent with the published observations of · 

other investigators (callery et al. 1980, Strong et al. 1982). These 
. 

studies, as well as the one reported here, indicate that frozen effector 

cells demonstrate a significant loss of NK activity against K562 targets 

in 4 hour assays. 

In experiments reported here, ~~ree different preparations of plasma 

Fn were used; Fn isolated from s-ingle plasma donors, Fn obtained commer-
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cially from Revlon Corp., and Fn isola teo.· from the byprcduct of factor 

VIII preparation (slime A). Each of the preparations showed antigenic 

activity as. measured in a Boehr;inger~~.annheim kit assay and functional 

activity as measur~ .bY their ability to agglutinate gelatin coated gel­

atin beads and to bind to cells of. Staphylococcus aureus. '!bus, each of 

these Fn preparations had s·eerriingly intact functional properties, yet 

failed to influence NK ·activity in vitro.;:~ 

'!he fact that plasma Fn had no effect on NK cell mediated lysis 

does not preclude the possibility that cellular Fn might be active at 
.. 

the effector-target contact region. In studying cell-to-cell adhesion, 

Yamamada et al.(l982} reported that glutaraldehyde fixed and trypsinized 

human erythrocytes were readily. agglutinated by cellular Fn, but only 

poorly by plasma Fn. Thus, even though plasma Fn can mediate cell-to-

substrate adhesion and transform cells to a more nor.mal morphology, 

cell-to-cell adhesion may be mediated successfully only by cellular Fn. 

This possibility is addressed indireetly by the action of monensin, a 

carboxylic ionophore, that blocks the lytic activity of NK cells (Carpen 

et al. 1982} • Interestingly, monensin has also been shown to block the 

secretion of Fn by h~ fibroblasts such that Fn may be found in the 

cytoplasm of these cells but is not bound to the cell surface (Virtanen 

et al. 1982) • One can speculate that if NK cell cytolysis depended on 

cellular Fn at the effector-target binding site, then monensin treatment 

of NK cells should destroy the NK cytolytic activity. This, however, is 

not the case. Although rnonensin does black cytolytic activity by NK 

cells, this blcckage.is-not due to lack of NK cell to target cell bind-
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ing. The formation of cell-to-cell contact in these experiments was 

normal (ca~n et al. 1982). Thus, it ~~rs unlikely that even cellu­

lar Fn has an active roie in NK cell. mediated lysis. 

Mon~tes are known to bind Fn to their cell surfaces (Bevilacqua 

et a1.· 1981), but in experiments reported here, the presence of mono­

cytes in the effector cell population did not alter cytolytic activity 

when Fn was included in . the :assay.· Fn _qid, not enhance ~ monocyte med­

iated killing effect in-either 4 or 18 hour assays against K562 cells. 

However, using differt9nt assay conditions and other target cells, Perri 

et al. have·· :shewn that plasma Fn. enhances in vitro monocyte-macrophage 

mediated tumoricidal activi~_(Perri et al. 1982). In 48 hour assays, 

exogenous plasma Fn, added to wells containing monocyte/macrophage mono­

layers and radiolabeled tumor cells, consistently caused a dose depen-· 

dent enhancement of tumoricidal ·activity against two cultured human 

tumor cell lines; Malme melanoma and CAK-1 renal.carcinana. These·· 

authors suggested that this enhancement was_ caused by a bridging effect 

of soluble Fn resulting in increased monocyte/macrophage-tumor cell ··· 

interaction. Such a Fn mediated increased interaction between K562 tar­

gets and NK cells . is unlikely to occur since Fn apparently does not bind 

to K562 cells· or to lymphocytes, which is the cell preparation contain­

ing NK cells during Ficoll-Hypaque isolation. To confirm the lack of Fn 

binding to NK effector cells, LGL cells could be isolated by Percoll 

density gradient and assessed·for their ability to bind iodinated Fn. 

If no binding could be demonstrated, it ~ld strengthen the claim that 

Fn has no direct effect on in vitro NK activity. 
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Fn might have an indirect effect on NK cells by stimulating macro-

phages to produce interferon or other substances known to augment NK 

activity. In a preliminary report, Beezhold et al. (1983) have . reported 

that plasma Fn·stimulates macrophages to produce a factor which augments 

lymphoproliferative responses to mitogens. However, in the 18 hour 

cytotoxicity reported ·here, ,Fn apparently did not stimulate rnoncx::yte 

production of factors which· influence NK cell mediated lysis of K562 
. . . . . :·~ 

cells. 

A preliminary report by Reese et al. (_1983) states that Fn has 
' . 

the ability: to act synergistically with murine NKcells to lyse MCG-Tl4 

mouse mammary carcinoma cells in 4 hour assays. In their report, 

splenocyte cell populations were used as the source of ef,fector cells. 

These cell preparations were not depleted of macrophages which in 

humans are known to interact with Fn and augment lysis of target cells 

in 48 hour assays . (Perri et al.·. 1982) • Since their initial publication, 

Reese et al. have obtained variable results when using rat Fn with mut­

ine effector spleen cells. ~ey attribute their variable Fn effects on 

NK activity to macrcphage secretion of stimulatory and inhibitory sub-

stances (Reese, personal camnunication) • However, since they are using 

Fn isolated from a different species than their effector cells, it is 

difficult to interpret their data. 
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D. MLR P«:sul ts 

Human lymphocytes generally exhibit a log-phase of proliferation to 

. alloantigen from 4-6 days of a mixed lynphocyte response {D.l Bois et al • 

. 1974). To determine if Fn's effect on the MLR followed similar kin-

etics, a time course study-was performed. Table 5 shows representativ~ 

results of a 3 day time_. course study. . _I~.~ this exper ime!lt, plasma Fn was 

added to culture wells at concentrations of 9, 18, 45 and 90 ugjwell. 

CUltures were labeled with ~H-thymidine 18 hours prior ~o harvesting. 

The influence of Fn on the MLR was the most pronounced in cultures har­

vested on day 6. '!bus in all future experiments, cultures were pulsed 

on day 5 and harvested on day 6. 

·Following determination of the opt~ time course of prolifera­

tion, a total of 21 different Fn treatments were tested for their effect 

on the MLR using lymphocytes fran ten different donors. Monoesterase 

stains were performed on final lymphocyte preparations to deter:mine 

monocyte c~ntent of plated cells. Monocyte content was routine~Y-. 5-12%. 

of total mononuclear cells~ Fn' s. influence on the .ML..'R. appeared unrelated 

to monocyte concentration of either responder or stimulator cells within 

this range. 

In'general, the results of these experiments support the following 

claims: a) Fn made fran byprcducts of factor VIII preparation {slL"lle A), 

which showed additional protein bands on SDS gels, caused an enhancement 

of the MLR, b) a lyophilized preparation showing only intact 440 Kd Mt.V 

molecules on non-reducing SDS gels, showed suppression of the MLR, 
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Table 5: MLR time course study· 

ug/culture of Fn 

0 9 18 
.. 

45 90 
:·~ 

16.2 + 0.9 18.8 + o.s 18.5 + 0.3 18.2 + 6.2 19.9 + 1.9 

11.4 + 0.5 15.2 + 1.7 25.3 + 5.6 28.9 + 2.6 21.8 + 0.3 

i4.7 + 2.1 22.6 + 2.7 23.6 + 4.2 18.2 + 1.3 17.5 + o. 7 . 

Time course study showing the dose-dependent effect of Fn DDo 8-23 
on the al!~eneic mixed lymphocyte' response. Values are mean cpm 
+ SD x 10 • ~s1 donor cells were 1) J:Mo 2) ML. 
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c) freshly made Fns from·individual plasma donors, showing no detect-

able fragmentation or contaminating proteins on SDS gels, suppress the 

MLR, and d) Fn made from individual donors and from slime A which was 

purposely cleaved with plasmin, caused no effect on the MLR. 

Six different slime A Fn preparations and two Fns isolated from 

individual plasma donors· all caus~ enhancement of the MLR. These p~ep­

arations demonstrated good gelatin,binding activity ·as measured by their 

ability to clump gelatin coated latex beads, but as can be seen in Fig­

ure 1, these preparations showed multiple protein bands on both reduced 
.. 

and non-reduced SDS gels. 

Fn' s enhancing effect on the MLR can be seen in ~igure 7. In this 

experiment, sliine A Fn 11-10 or human serum albumin {HSA) control was 

addec!l to cultur~ wells at concentrations of 10, 20, or 40 ug/well. In 

the presence of Fn, the proliferation showed a dose-dependent enhance-

~nt when canpared to HSA and ·media control well$.. Significant enhance­

ment: was seen at Fn concentrations as low as 10 ug/well corresponding to 

a--physiological concentration of 50 ug/ml. 

Using three different allogeneic pairs, slime A Fn 1-3 also caused 

a concentration dependent enhancement in all cellular combinations and· 

their reciprocal pairings~ i.e., R:J_S2 vs ~s1 • In Table 6., the six pos­

sible responder and stimulator pairings are shown. In ~ach case, en­

hancement of the re~nse could be seen at the lowest concentration of 

Fn tested {15 ug/well); enhancement increased as the Fn concentration 

was raised to 45 ug/well. 

Table-7 shews the results of an experiment in which three different 



. Figure 7. Enhancing E.ffect of Slime A Fn 11-10 on the MLR. 

Effect of Slime A Fn (11-10) shown as the solid squares on the MLR using 

donor cells RP (responder 1), or SA (responder 2). Solid circles represent 

HSA controls. Results rePresent specific stimUlation: mean cpm of 

-3 
~Sl - ~ + SE X 10 · • 
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Table 6: Fn enhancement of the MLR using six allcgeneic pairs 

--

protein cOncentration ug/culture 

·o ~ia 15 30 45 

RlS2 6.8 + _0 .• 5 Fn 8.8 + 0~1 11.1 + 0.5 13.5 + 0.6 
BSA 6.0 + 0.1 6.4 + 0.1 7.6 + 0.3 

~s1 7.9 + 0.2 Fn 11.0 + 0.5 12.5 + 0.5 18.1 + 0.4 
BSA 12.3 + .0.2 10.1 + 0.3 11.8 + 0.3 

}\S3 3.3 + 0.3 Fn 5.1 + 0.3 5.8 + 0.9 7.6 + 1.0 
BSA 3.4 + 0.5 2.7 + 0.7 2.3 + 0.5 

. --- .. - .... ~·- ··--·· -·- .. 

R:3S1 2.2 + 0.5 Fn 4.2 + 0.5 7.1 + 0.7 8.4 + o.s 
BSA 1.9 + 0.2 1.9 + 0.2 3.2 + 0.3 

~s3 6.8 + 0.9 Fn 9.4 + 0.9 10.0 + 0.7 14.6 + 0.9 
BSA 8.6 + 0.6 6.6 + 0.2 7.7 + 0.8 

~s2 4.8 + 0.8 Fn 8.2 + 0.8 13.1 + 0.5 13.9 + 1.3 
BSA 4.0 + 0.6 4.3 + 0.2 5.0 + 0.3 

Slime A Fn 1-3 causes a dose-dependent enhancement of six 
different allogeneic MLR pairings,· beginning with concentrations 
as lO\ol as 15 ug/cu1ture. Values are given as mean cpm (RxSx -Rx) 
+ SE. Donor cells were 1) SM 2) RC 3) ML. 



Table 7: Comparison. of the effect of three slime A Fns on the MLR 

ug/ctilture 
I -3 :. 

mean.~cpm x 10 

0 6.3 + 0.2 

Fn 1-4 15 9.7 + 0.4 
31 9.6 + 0.1 
46 12.4 + 0.3 

Fn 1-10 23 9.9 + 0.2 
46 10.6 + 0.2 
69 9.0 + 0.2 

Fn 1-31 19 9.3 + 0.2 
39 9 .. 8 + 0 .. 2 
58 11.1 + 0.3 

Comparison of the effect of three different sl~e A Fn 
. preparations on the MLR pairing R1s2• :COnor cells 

were 1) JaG 2) DF. -¥alues. are given as mean cpm 
(R1s2-R1) + SE x 10 • · - · 

48 
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slime A Fh preparations were used with one allogeneic pair. Each of the 

th~ee slime A Fn preparations resulted in significant enhancement of the 

MLR. P~sults from the experiments described thus far, led to the con­

clusion that Fn enhances the proliferative re~nse between allogeneic 

lymphocytes. However, due to the appearance of multiple protein bands 

on SDS gels, it·wa~ not possible to rule out the_ possibility that this 

enhancement was caused:l::>Y a· fragment of_ ~-or a non-Fn ~ontaminant. 

Due bo the variation in appearance of Fn preparations on SDS gels, 

a Fn preparation was tested which was obtained from Dr. Jean-Jacques 

Morganthaler of the Central Laboratory of the Swiss Red Cross Trans­

fusion Service. This Fn, designated JJM, was made in the presence ·of 

the protease irihibi tor pheny~thyl sulfonyl fluor ide {PMSF) and scdium 

azide, extensively dialyzed and finally lyophilized. JJM Fn displayed 

the characteristic Fn pattern without secondary bands on reduced and 

non-reduced SDS gels stained with Coanassie Blue aYe. When tested in 

MLRs using three separate allogeneic pairs, this Fn caused a marked 

·suppression of all reSponses {Figure 8). JJM Fn not only suppressed the 

allogeneic response, but also caused an inhibition of 3a-thymidine up­

take in culture wells containing only responder cells, media and Fn. 

This suppression occurred at the lowest concentration of Fn present, 20 

ug/well, and showed a dose-dependent response through concentrations of 

60 ug/well. 

The inhibition of the MLR mediated by JJM Fn was not the result of 

a cytotoxic effect of Fn on responding cells. Cell viability of re­

sponder cells was determined for cells treated with all Fn concentra-



Figure 8. Suppressing Effect of JJM .Fn on the MLR. 

Inhibition of the ~ by JJM Fn is shown using six different allogeneic 

pairs. Solid lines and symbols represent Fn addition, dotted lines and 

open symbols represent HSA controls. Each panel shows one responder cell 

type plated wi~ tWo different sttmulator cell types. Stimulator cells 

(e) SM; (A) RC, ( •) JW." Results are expressed as cpm specific sttmulation. 
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tions; viability was dete.rmined by trypan blue dye exclusion on ·day 6 of 

culture •. At each concentration tested, cell number and viability re~ 

mained s~ilar·to that of control wells: 7.6xl05 cells/well, 89% viabil­

ity, 6.9xl05 cells/well, 83% viability, 7.5xl05 cells/well,85% viabil­

ity, at 0, 30, and 60 ug of Fn per well respectively. 

Since inhibition of the MLR was seen only when using a non-frag­

mented Fn preparation; efforts were'made ~p isolate int~ct Fn·fram an 

individual plasma donor. The JD 3-2 Fn was isolated very carefully by 

a) washing. the gelatin~sepharose in batch with~ urea"prior to incubat~ 

ing with plasma, b) \'laShing the gelatin-Sepharose plasma column exten­

sively with PBS c) adjusting the flow of the column to a very s~ow drip 

rate, and d) perhaps most import~ntly, using the Fn ~iately after 

isolation. Fn JD 3-2 appeared completely intact on gels run immediately 

after Fn preparation, and when tested in the MLR, it caused a suppression 

of the response. · Figure 9 shows suppressed responses in experiments 

using different numbers of stimulator cells. Suppression occurred at 

lxl05and 2x105 st~ulator cells/well. The findings in this experL~nt 

suppport the theory that intact molecules of Fn suppress the MLR. 

Tb test the possibility that·Fn fragments were responsible for en­

hancing effects, five different Fn preparations were made and treated 

with plasmin. Two additional Fn preparations were left at 37 c for 24 

or 72 hours in an attempt to achieve autodegradation. Only 3 of the 

five attempts at plasmin cleavage resulted in good fragmentation on 

gels, and neither of the Fns left at 37 C revealed any fragments. 

In two ~~ertments using a single donor Fn isolated in the presence 



Figure 9. Suppressive Effect of Fn JD 3-2 on the MLR Using Two Different 

Stimulator Concentrations~ 

Inhibition of the MLR using JD 3-2 Fn is shown by the solid symbols. HSA 

controls are shown £0 open symbols. Squares represent a st~ulator 

concentration of 2 x 105 cells/well. Circles represent sttmulator 

concentrations of 1 x 105 cells/well. Values represent cpm of 

specific -stimulation. Donor cells were 1) DF, 2) RC. 
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of PMSF, an aliquot was left at 37 C for 72 hours and a second portion 

was treated with plasmin. Neither of these preparations showed cleavage 

products on gels. Wh~n tested in MLRs they had no significant effect on 

prolif~rative response. Table 8 shows the representative results of 

both of these experiments. A third experiment which was performed using 

a Fn made in the _absence of-PMSF, showed sbnilar results (data not shown). 

Up to this point, the ohly inhibition~ of the MLR had occurred using 
-

freshly made intact Fn JD 3-2 or lyophilized Fn JJM. Other Fn prepara-

tions which did not produce suppression either contained additional pro-
.. 

tein bands on gels or were manipulated for several days prior to use. 

Therefore, an experiment was designed ~o test both ·siime A Fn (5-20) and 

single donor Fn- (JG 5-20) immediately after isolation, as well as frag­

ments gener_ated by plasmin cleavage of these preparations. · Through 

appropriate scheduling, the Fn would be as fresh as possible when used 

in both experiments. The results of this experiment confirm the claim 

that fresh, intact Fn if used immediately after isolation will cause 

suppression of mixed lymphocyte proliferation (Figure 10) • Decreased 

3H-thymddine incorporation is shown at a Fn concentration of 13 ug/well. 

This occurred in both pairings used. Slime A Fn which ·appeared intact 

and did not contain extra bands on SDS gels, showed no effect on the 

MLR. After plasmin cleavage, JG 5-20 Fn ·lost its suppressive influence 

on the MLR while slime A Fn still had no effect (Table 9). 



Table 8: Effect of p1a~in or 37 C treatment on the MLR 

EXperiment 1 

protein concentration ug/cu1ture 

35 75 

0 media 37 c Fn 47.3 + 3.1 · 57.9 + 3. 2 

113 

54.7 + 1.3 
51.7 + 2~7 

HSA 52.2 + ·3.2 56.1' + 8..3 61.1 + 2.8 

EXperiment 2 Ris2 

protein concentration ug/cu1ture 

13 26 39 

54 

0 media plasmin Fn 4.2 + 0.4 

4.9 + 0.4 

4.6 +. 0.4 

4.3 + 0.4 

5.0 + 0.8 
4.2 + 0 .• 2 

HSA 4.6 + 0.3 

Results of 0«:> experiments using Fn JD 4-1. This Fn was left at 
37 C for 3 days prior to plating (expt.l) or.treated with plasmin 
(expt. 2) • Donor cells were_!> DF 2) RC. Values are given as 
mean cpm (R S -R } + SE X 10 • 

. · X X X -



Figure 10. Dose Dependent Inhibition of the MLR by Fn JG 5-20. 

MLRs performed in the presence of varying concentrations of Fn JG 5-20 

(solid squares), HSA {solid circles) and Slirre A Fn 5-20 (solid triangles). 

Results are expressed· in ter.ms of cpm ~ific stimulation. 
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Table 9: Effect of plasmin cleaved Fns on the MLR 

ug/culture 
-3 

mean cp.m x 10 + SE 
-. 

0 19.1 +~ 1.0 

JG Fn 5-20 5 20.2 + 2.6 NS 
10 16.7 + 2.4 NS 
15 16.9 + 1.7 NS 

slime A Fn 5-20 8 19.7 + 1.1 NS 
16 21.3 + 0.5 NS 
24 16.1 + 1.2 NS 

HSA 13 20.5 + 1.1 NS 
16 20.6 + 1.0 NS 
39 18.5 + 1.0 NS, 

Effect of plasmin cleav~ Fns on the MLR. Values are 
mean cpm (~s1-~) x 10 • None of the values . 
are significantly different.from the 0 control as 
evaluated by the Student t test. Donor cells were 
1) JW 2) DF. 

56 



E. MLR Discussion 

In results presented here, the heter~eneity of Fn preparations 

caused a marked difference in the effect of Fn · on the MLR. Intact Fns 

57 

obtained from individual donors and. used immediately after isolation and. 

one lyophilized preparation used immediately after reconstitution, had a . 

suppressive effect on the MtR. This suppr~ssion was riot due to a cyto­

toxic effect of Fn since both cell numbers. and viabilities were silnilar 

in .controls without Fn and in wells having a maximum Fn concentration of 

60 ug/well. · The same three Fn preparations which caused inhibition of 

the MLR, also caused a dose-dependent decrease in the uptake of 3H-thy­

midine by responder cells cultured alone. These cells showed·prolifera-

tive capacity during the 5 day incubation period, but their ability to 

inco~rate 3H-thymidine was dimdnished. 

In contrast, seven Fn preparations caused enhancement of the ML.R. 

These Fns were shown to contain protein bands of molecular weights 

other than 440,000 dal tons. Most of these additional bands displayed 

molecular· weights between the 200 Kd and 92 Kd protein standards. Even 

though these Fn preparations caused enhancement of the MLR, they did not 

cause an increased uptake of 3H-thymidine by responder cells alone'. 

Although Fn was isolated using standard procedures and appropriate pre-

cautions, one can not rule out the possibility that these additional 

bands represent non-Fn contaminants. Among the proteins known to influ-

ence the irrmune response, proteases (Bretz 1978) generally have small 

molecuiar \'Teights (eg., elastase 34 Kd, trypsin 30 Kd) • Since most of 
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the additional bands were in the 92-200 Kd MW range, 'it is unlikely that 

these proteins were proteases. It is also important to remember that 

these proteins were isolated by affinity chromatography on gelatin Seph­

arose and therefore shoul~ have same ability to bind-gelatin. 

In addition,- if these proteins were non-Fn contaminants, the Fn an­

tigenic ~noassy would-have shown lower concentrations of Fn as cam­

pared with protein measurements determi~eq by optical d~nsity at 280 nm. 

The immunoassay kit, which measures Fn concentration by antigenic activ­

ity, revealed Fn- concentrations either similar to or higher than that 

measured by :optical density. It is most likely,. therefore, that these 

secondary protein bands were gelatin binding Fn fragments. 

Considering the_two opposite effects of Fn on the MLR, it seemed 

logical to conclude that intact Fn molecules mediate suppression of-the 

MLR whereas, fragments of Fn might cause enha"lcement. However, when Fn 

was treated with plasmin and successful cleavage accurred, these plasmin 

deri~ed fragments had no effect on the MLR. 

Cleavage of Fn with plasmin is known to produce two large fragments 

with molecular weights of approximately 190 Kd and 200 Kd and several 

sinall molecular weight fragments with the most predominant fragment 

having a molecular weight of 30 Kd (Balian et al. 1979) • The Fns 

cleaved here yielded fragments of similar molecular weight7 however, ·none 

of these fragments had an effect on the MLR. The biological activities 

of various fragments of Fn have been mapped to particular regions of the 

Fn molecule by cleavage with a nt.nnber of proteases; cathepsin D and 

plasmin (Balian et at. 1979) , trypsin __ (Hayashi and 'Yamada 1982) , alpha 
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thrombin (Furie and Rifkin 1980). Since different Fn fragments have not 

been tested individually for their effect on the MLR, it is inpossible 

to say which portion of the molecule is responsible for the observed 

effects. It is important to note that the fragments present in the plas-· 

min digests did not show the,same patterns on SDS gels as the fragments 

present in the Fns that caused enhancement of the MLR; thus, one would 

not necessarily expect.to find similar.~f~ects o~ these two different 

fragmented Fns on the MLR. 

Besides using Fn preparations . that were freshly isolated, other Fn 
... 

preparations were left at 4 c, 37 Cor extensively manipulated (i.e., 

frozen, thawed, dialyzed, left at room temperature). These Fns showed 

no effect on the mixed lymphocyte responses. Thus, these results empha-

size the importance of using freshly prepared, intact Fn to achieve sup-· 

pression of the MLR. 

This· is the first repdrt that fresh intact Fn causes suppression of. 

the MLR in htnnans, but a similar discovery has been reported in· studies 

using inbred rats (Lause et al. 1982) • ~ese authors .saw sane inconsis-

tency between different Fn preparations at low concentrations (1-5 

ug/culture) required to achieve inhibition of the MLR, but in general 

they observed consistent inhibition at concentrations of 10-50 ug/cul-

ture. In experiments reported here, suppression occurred at the lowest 

·concentrations tested which was 10 ug/culture. 

In addition to showing a suppressive effect on the MLR, Fn has been 

implicated in other inmune regulatory functions. Fn has· been reported 

to inhibit mitogen-induced proliferation in the rat (Lause et al. in 
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press) and to stimulate macrophage secretion of a protein that binds to 

mature T cells (Beezhold et al. 1983). 

'!he mechanism by which plasma Fn mediates immunoregulation is un-

known, but it probably occurs through Fn' s interaction with rnacrophages 

since Fn is known to be produced by (Alitalo et al. 1980) and bind to 

macrophages (Bevilacqua et al. 1981) • Other proteins known to have i~ 

munoregulatory activity· have· been studi~ .. ~o determine·. ~e ·mechanism by 

which they ,suppress the MLR. In mice, alpha fetoprotein' (AFP) induces 

the formation of suppressor T cells which can effectively interfere with 
. ' 

the ~erative interaction between T cells, B cells and macrophages 

(MUrgita et al. 1977). Alpha-2~croglobulin (A2M) suppresses the human 

MLR _by a non-cytotoxic mechanism that interferes with the collaboration 

of monocytes/macrophages with lymphocytes (Hubbard et al. 1981) • 

The stimulating molecules in the MLR have been shown to be products 
·-

of the MHC I region referred to as Ia antigens. 'These are glycoproteins 

found on the surface of macrophages, B cells and activated T cells. Fn 

is thought to interact with sugar moieties on some glycqproteins 

{Julkunen et al. 1983); therefore, it is possible that Fn suppresses the 

MLR by binding to and masking the Ia antigens needed for stimulation. 



Smmnary 

The role of plasma fibronectin (Fn) as an irrmunoregulatory molecule 

was investigated usim two in vitro assay systems: natural killing (NK) 

against K562 target cells and the mixed lymphocyte response (MLR). In 

NK assays, Fn showed no effect on the cytolysis of targ~t cells despite 

variation of such parame:ters as effector; c~ll donors;· ·e~fector to target 

ratios, source and concentration of Fn added, presence or absence of 

monocytes, length of incubation, and pre-treatment of effectors or tar­

get cells with Fn. In binding studies, K562 cells did not demonstrate 

the ability to bind Fn to their cell surfaces. In the MLR, the effect 

of Fn depended on the nature of the preparation used. Freshly made Fn 

from two individuals and a lyophilized preparation made fran multiple 

donor outdated plasma which showed no fragmentation on SDS gels, all me­

diated a suppression of the MLR. Fn prepared from ~1>roducts of factor· 

. -VIII production (.slime A) which displayed additional protein bands on SDS 

gels, caused an enhancement of the MLR. Plasmin· cleaved Fn preparations 

showed no effect on the MLR. Sii}ce Fn has opposite effects on the. MLR 

which are seemingly dependent on the nature of its fragmentation, these 

results suggest that Fn may act to regulate immune function at sites of 

cellular cooperation. 
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