THE INFLUENCE OF FIBRONECTIN ON HUMAN NATURAL KILLER CELL CYTOTOXICITY

AND MIXED LYMPHOCYTE REACTIVITY

by

Diana Friberg

Submitted to the Faculty of the School of Graduate Studies |
of the Medical College of Georgia in Partial Fulfillment
| of the Requirements for the Degree of o
~ Master of Science
July

1983

127873



The Influence of Fibronectin on Human Natural Killer Cell Cytotoxricity

and Mixed Lymphocyte Reactivity

This thesis .é;ubmitted-by Diana Delker Friberg has been
examined and 'appréved by an éppoint;d ccmnittee o;‘_ the faculty ‘
of the School of Graduate Studies of the Medical College

of Georgia. ’

The signatures which appear beléw verify the fact that all
required changes have been incorporated and tbat the thesis
has received final aip_proval with reference to content, form
and accuracy of presentation.

This thesis is therefore accepted in partial fulfillment

of the requirements for the degree of Master of Science in

Micrcbiology.

!V,J_SO]’_’

ent alrman

Dean, School of Graduape Studies




Acknowledgements

I wish to thank Dr. Jan Doran for her assist-ahce, advice
and support throughout the course of this préjéct. Special thanks
also go to Dr. Catherine Roesel for her help and ur{d'e_rstanding.
I would like to thank the other members of my committee; | Dr.
Shyuan Hsia, Dr. Dave Lause, and Dr. Andy Reese for their
guidance and cooperation. Finally, I would like to thank my .

husband for his love and concern throughout my graduate training.



Table of Contents

Introduction

A.
BI

Statement Of PrODIEM ecevescescsvecasacscsscncsanccscanannnne
Review of Related Literature
1. Fibronectin .ceeceees ceccccessssccncsesscscasassssssscns
Qe SEIUCHULE. e eierensveriinoscsasscssscscssccsssasascana
b. adhesive pProperti@S.eccccccecccescscccessscsccsscscncans
C. interaction with tUmOr CellSeccceveescsscccccaccssane
d. levels in cancer patientS.ccceececcececececsscsccnnns
e. chemotaxis and opsonization, implications .
for wound repair.cecceeciscsccscscocsscsscsscssccssanas
f. immunoregulatory fUNCtiONSe.eseccecscccsscscscsscsanes
2. Natural Killer Cells....................................
3. Mlxed Lymphocyte Reaction (MIR) «eveececessescsecsasonnnns

Materials and Methods

A.

B.

c.

NEHEQOUIEdWN

Materials .

1. MediGeeeescscccoscosscacscscacsscosanasnsscescasossscase
2. K562 Cell LiNCeeececcccscscscscsccsscscscsssscssccsccnse
Biochemical Procedures :
Isolation of FlbroneEE%n................................
Labeling of Fn with I................................
Preparation of Gelatin Coated BeadS:iceceeceecesssse cssesssca
Plasmin Treatment Of FNecesscceccscossccscscssccscacncsns
Quantitative Determination of human Fn.eceecocscccssoces
Binding ASSaYSeeteecacccontserccttcccstosctcsconcsnccnns
ellular Preparations -
Isolation of peripheral blood lymphocytes...............
Isolation of adherent and nonadherent cell
mpulatlons‘.'.'.......l............CC.O.....O.'Q.O...Q.
Giemsa Stainingesccceccesesscssecscssssscessssessssceccnse
Monoesterase stainingececeecesceccccsoscscscsccccsccssssane
Labeling of target cells or lympPhOCYteSeeceessccsccccccas
ellular Assays -

NK Assay-QOOOQOOOOQQ..".IQ.....I.‘..l.'.-........‘......

mAssay.-..ol..o....ocoo ...... eeeccccccsccccscscccscrscscse

L] L] *

L] L] L] - L] L]

MHQ W

Results and Discussion

A.
B.
C.
D.

E.

Fn PreparationSecccesscsccessceccecsssccsccscsnsassasssassssans
Natural Killing ResUltS.ececcccessccosssccvssccsssscssscscssans
Natural Killing DiSCUSSiONe.cccesccccscssscccsccacanscsssanse
MIR RESULESeecoccccscosssncsssscscscscsscsscscncssssncsssasnsns
MLR DiSCUSSiONecccesvrscssscccsssssssssovessssssssacsaasassana

Slmnary S 97 00 00 0000000000000 0000000080 0000000000000 000C0CROIIOIROIOTEOIOIEOSS

References ®e e sdeotves e 060 @vs0s9svevensese ®sccese 20 e0ssense

AU WW =

11
14

16
16

17
17
18
18
19
19

20

20
20
21
21

21
22

24
24
39
43
57

61
62



List of Figures
Figure - : o Page
| 1. Polyacrylamide discr gei electrophoresis of Fn pr:e_parations... oo 25
2. Effect of Slime A Fn and Rev 34 Fn on NK Actlmty _31
3. NK Activity at Two Fn Concentr’atioris........................... 32

4. NK Activity using Adherent and Whole Mononuclear Cell
Preparations as EffectorS.ceiceccceccccccececcesccnsccsnnscncces 34

" 5. NK Activity in 4 and 18 Hour Assays in the Presence
Or Absence.of mnxytes‘....qﬂl'....‘....;....O....Q...... ....... * e 35

6. Effect of Pretreatment of Effectors or Targets with FReeeeeseo. 36
7. Enhancing Effect of Slime A Fn 11-10 on the MlReeeeevuennecesse- 46
8. Suppressing Effect of JIM Fn on the MLR............».....'...,.... 50

9. Suppressive Effect of Fn JD 3-2 on the MLR Using Two
Different Stimulator ConcentrationS..cceceesccccccceccecscssses 52

10. Dose Dependent Inhibition of the MIR by Fn JG 5-20ee..cceesssss 55



List of Tables

Table | page
1. NK acﬁivity aga;nét k562 CellS.eonensaanaranncnsacanns 27
2. qupér-ison of effecto.r cell EYPES. tveeranssensennonnss 28
. Dose-dependent effect of Fn on NK activityeeeaeeevsess 30

. K562N;bi_nding experlment.. 38
. MR time course study... 44

. Fn enhancement of the MLR using six
allweneic pairs..l..OQ.....'.'..‘.O_...v.....'.....';.l... 47

7. Comparison of the effect of three Fns
on the m'...‘...........'.0'......'................O 48 .

8. Effect of plasmin or 37 C treatment of -
Frl on the MIR'QOOOOO...Q......Q.'......'.......llﬁ.OC' 54

9. Effect of plasmin cieaved_ Fns on the MlReecscececoccess 56



Introduction
A. Statement of the problem

The human immune system is a complex he_twork of interactions which
involve lymphoid and nonlymphoid cells as well as many different soluble
factors. These varioué. components work together in a stimulatory .or
suﬁpressive manner to regulate-th_e immune response. Recently, evidence
has accumulated that a normally éccurrin_g pia_sma protein, fibronectin
(Fn), may fﬁnction as a soluble mediator of immune functicn.

Fn is a high molecular weight glycoprotein. Which is found in a sol-
uble form in plasma and is pres;ent in an iﬁsoluble form on sane céll sur-
faces.. These Fns are known to play an important role in wound healing

si-ne;-;hey “ér; capable 6f r;ediating cell~to-cell vahd cell-to-substrate
adhesion. Fn can influence the morphology and proliferai;ion of some
types of tumor cells and interact with Clg and C3 complement cmponents.-
Fﬁ plays a role in nonimnﬁne host defense mechanisrﬁs by acting as a
potent cpsonin for scme microparticulates and by stimulating chemotaxis
of fibroblasts and monocytes. Fn is capable of binding to monocytes and
has been shown to enhance mbnocyte-macrophage mediated lysis. of two cul-
tured human tumor cell linés. In the rat, Fn sﬁppresses the mixed lymph-
ocyte reaction and has a cytostatic effect on carcinoma cells. Taken
together, these findings implicate Fn as an immune regulatory molecule
with potential cliniéal significance. '

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



as a consequence of surgical and accidental trauma, sepsis, and severe
burns. In thesé conditibné, the reticuloendothelial system (RES) showé
a decreased ability to clear pafticulate matter from the circulation re-
sulting in increased particle déi:gsition in the lungs and kidneys. When
Fn is repleted to norhal plasma levels through the infusion of plasma
cryoprecipitate, normal RES ‘function‘ is resﬁored-:esulting in ndrmal
lung function and improved peripheral f:,ir_c}:ulation. ﬁué__ to the' hetero-
geneity of Fn content in cryoprecipitate, as well as the presence of
other plasma proteins, investigators are planning the use of 'pufified Fn
for replacement therapy. |

Clinical trials, using purified Fn, will aid in the assessment of
the in vivo effects of Fn on overall patieht condition. However, to.de-
t;ermine if Fn simultaneously affects immune function, in vitro assays
provide a less complicated systﬁem for study. The research described
here examines the effect of éxogenous plasma Fn on in vitro natural
killing (NK)-and mixed lymphocyte culture (MLC) assays. These assays
reflect immune events known to occur in vivo and can thérefore be used
to eva:_l.uate 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. Fibronectin
a. structure

Fn is a high molecular weight plasma protein that was discovered by
Moﬁison and ccworke‘rsﬁ in 1948 and designated cold iriSo_luble globulin
(CIG). Ali:hough this mbleduié has had Vmany names rélated to its differ-
ent functions, the currently accepted name for this‘ glycoprotein is fi-
bronectin (}:eviewéd in qusessonﬂéﬁd Amrani 1980, Mosher and Furcht
1981, Yamada 1982). Fibronectin (fibre=fiber + nectere=to bind) exists'
in at least two and possibly tt;reé forms. APlasma Fn is present in blood
and tissﬁe f.luids, and cellular Fn is found on cell surfaces and in the
extracellular matrix. A third form of Fn has been isolated from amni-
otic fluid which has a slower mobility on SDS polyacrylai;lide gels and
contains significantly mbré carbohydrate than piasma Fn (Ruoslahti et
al. 1981). The plasma form of Fn is soluble at pH 7 and has a plasma
cencentration of appraximately 0.3 mg/xﬁl. Males have significantly h.i_gher
- plasma cofxcentrations than females, and, in both sexes, fibronectin |
levels increase with age (Eriksen e£ al. 1982). Circulating Fn, with a
molecular weight Qf 450,000 daltons, is composed of two nearly ide_ntical
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 inclﬁding heparin, DNA, collagen, Staphylo-



coccus aureus, and cell membranes.

‘Cellular Fn has a nearly identical amino acid composition and ter-
tiary polypeptide structure as plasma Fn, but instead of being a soluble
dimer, it exists as insoluble mﬁi;iﬁners'and aggregates. Until recently,
antibodies prepared against either type of Fn have beenr shown to cross-
react campletely .with ‘the other type of the same species; recently mono
clonal antibodies have beenproduced which react only with cellular
fibronectinl, indiéaﬁir.g that there is at least some structural differ—
ences in the two typeé of Fn. (Atherton et at. 198.1) . Cellular Fn may
also be distinguished frdn the plasma form by cérbohydrate comgosition,

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

b. adhesive properties.

Fibronectin mediates a variety of biologidal. activities ( revie_wedv |
in Pearlstein et al.- 1980) which include ¢ell-cell adhesion, cell-sub-
strate adhesion, maintenance of normal .ceil morphology, cell motility
and spreading, and sée’cific binding of macrcmolecules. The exact mecha-
nism by which Fn mediates cell-cell adhesiveness is unknown. When ana-
lyzed with immuncelectron microsccpic techniques, chick heart fibro-
blasts fdrm cell-to-cell contact regions that exhibit three t\jp_es of
contacts. Fn was not present in focal contact sites (10;15 nm spacing) ,
but was found in regions of close contact (i5—30 m "spacing-) énd extra-

cellular matrix contacts (>30 mm spacing) (Chen and Singér 1981). This



indicates that Fn may be acting over intermediate distances to cause a
general increase in cellular adhesion. ‘Besi_des. promoting cell-to-cell
adhesion between cells of. the same type, Fn can mediate the adherence of
cne cell type to another cell type, e.g., the adherence of blood granu-
lccytes to vascular endothelium (Wall et al. 1982). Fn also acts as a
cohesive molecuiar glue in cell-substrate adhesicn (reviewed in Akiyama
et al. 198l). It is able to pf@note cellular adhesiOn_ to a variety of
surfaces including ‘collagen (Peax;"istein 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 morphology (Chen et-al. 1978). Normal cells grown in
vitro display a parallel alignment of cell bodies when cﬁltures became
dense; 1i.e., thecells lay side by side and do not overiap or grow on
top of each other. This phencmena, known as contact inhibition, is lost
in many cells which become transfermed by tmnoi' viruses: or carcinogens.
When Fn is added to these transformed cells, they return to a nearly
normal morpholegy (Lipkin et al. 1978). By.some undetermined mechanism,
Fn reconstitution alters the cell's shape aﬁd affects the cell surface
architeeture and cytoskeieton‘ (Yamada et al. 1976a) .

Fn may have ‘some influence on the proliferation of | tumor cells as
measured by 3H-t1;ymidine uptake. Young et al. ( 1981) found that the ad~ A

dition of serum or affinity purified CIG to cultures of Walker 256 car-



ciroma cells caused a significant reduction in tumor cell proliferation
when ccmpar'ed to controls. This finding has been confirmed in a prelim- -
inary report by Raynor and Rgese (19815 . Using other cell types, Bruhn -
and Zurborn (1983) reported that“Ef_‘n concentrations of 1 mg/ml to 3 mg,/ml
inhibited HeLa and mouse carcincma cell gfowth. In contrast, other in-
vestigators have found that the addition of Fn to transformed cells has |

3HTdR. (’Chen. et.al. 1978b) , vglucose or 2-amino

no effect on the uptake of
butyrate (Yamada and Pastan 1976), or on growth rate and CAMP levels

(Yamada et al. 1976b).
d. levels in cancer patients

There are conflicting réports_ concerning plasma Fn levels in cancer
patients. Pisano et al. (1972) ‘report.ed low Fn levels in patients with
advanced “cancer. i{cwever, other reports indic':ate‘ an inc;easé in circu-.
lating Fn fragments which are the apparent result of in #ivo 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. -us'ed a liver
slice assay which measures gelatin binding activity of Fn, whereas Par-
sons et al. used an assay meésur’ing total antigenic activity. Recently,
Boughton et al. (1982) found that low plasna Fn levels correlated with

| relapsing epifsoaes of acute leukemia. However, they concluded that this
correlation was notv related to tumor load, but rather was the result of
secondary recurrént ﬁ'.nfections. In a study of patieﬁts with cancer of

‘the breast or colon, mean antigenic Fn levels were elevated above normal



controls whether the disease was thought Fo be metastétic or not (Choate
and Mosher 1983). Chemotherapy in patienis with acute leukemia is
associated with a fall in Fn levels (Choate and Mosher 1983, Brodin et
al. 1983) which may ¢ontribute E;flowered resistanCe against infection
in tﬁese patients. Thus, when relating Fn levels to the status of malig-
nancy in huméns,”it is probable that Fn conqentrationsvfluctuate as a
;esult of other clinical‘évents (éepsis_og chemotherépy), and therefore
‘plasma Fn levels are not a suitable marker of malignancy (éhcate and
Mosher 1983). o | |

It has been sﬁggested_by ééﬁ; thét extracellular Fn bound to timor
cells can be correlated with tumorigenicity-and-metastatic poﬁential cof
these cells. This idea is supported by experiments which show that be- 2
nign tumors do not lose their,extracellular fibronectin whereas meta-
statié tumors do (Chén‘et al. 1978a). Despite these findings, the cé;_
i relation between tumorigénicity in vivo and fibronectin éxpression in
vitro has been controversial. Recently, Stenman aﬁd Vaheri (1981) ex-
'aminedafibrgnéctin in solid humap‘tumo:s and reported that Fn is regu-
larly detected as a pericellular matrix around individual cells of soft
tissue tumors in vivo,'regardless of whether the tumor is malignant or .
benign. Carcincmas, as well as benign epithelial tumors,‘weré fourd to
be distinctlvan negative. From'thesé observations it was ccncluded
that expression of Fn in spontaneous solid tumors in man is a reflection
of tissue differentiétion rather than a characteristic distinction be~
tween malignant and benign behavior. Gibert et al..(l982) 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 mlignant potentials.
e. chemotaxis and cpsonization; implications for wound repair

Both cellular and plasia Fn fray increase the rate of fibroblastic
-migration. As a chemattrectant, Fn pfbmotes the directional migration
of fibroblasts across a nltrocellulose filter (Gauss-Muller et al. 1981,
Tsukomoto et al. 1981). This chemotactlc effect may be important in
directional migration of cells in the embryo (Katow et al. 1982), and in
wound heala.ng. In a study of Fn depos:.tlon at wound sites, Norris et
al. (1982) found that proteolytic cleavage fragments of Fn could 'Selec—‘
tively augment the recruitment of monocytes into areas of tissue inflam-
mation. More recently, Yonemasu et al. (1983) have demonstrated that
non-fragmented Fn can stimulate both ct;emotactlc and randqn loccmotion
of peripheral lolood monocytes. This ability of Fn to affect macrophage
mobility could be important in other immune phencmena requlrlng macro-
phage cocperation.

The cpsonic activity of Fn has also been extensively studied
(reviewed in Yamada et al. 1982). Plasma Fn promotes the binding and in
gestion of certain’ materials by macrophages and other reticuloendo—
thelial cells. Fn binds to S. aureus and ‘scme other gram positive organ .
isme (Doran and Raynor _1_981, Simpson et al. 1982, Myte et al., 1983), but

it is apparently unable to bind gram negative organisms (Doran et al.



1982) . ‘Fibronectin's dpsonic activity may be iuipdrtant in vivo for the
control of bacterial infections. Paﬁients with seétiéémia have de-
creased levels of circulating Fn; and :studies are being gbnducted to de-
termine if infusion of Fn into trauma bétients will improve their clini-
cal condition (Saba and Jaffe 1980). |

The chemotactic and cpsonic activities é.ssociated with Fn may be
- important at the éite of mund'rfeibair (reyiewed _in»Re:és_e et al. 1983).
Thus, Fn may help clear the wound ‘site by attracting macrcphages to the
area and by promoting the opsonization of certai:i bacteria‘ and cellular
debris. In addition, Fn's adhesi;ze abilities and its interaction with
collagen and fibrin may.contribu’te to the stability of newly reéaired

tissue.
f. immunoregulatory functions

The immunoregulatory properties of Fn are just beginning to be
studied. Fn 1s produced and secreted by human ﬁxécrophages (Alitalo et
al. 1980) and recently has been shown to bind to ‘hmnan‘monbcytes’ :
(Bevilacqua et al. 198l1). There is no evidence 'thatr Fn is synthesized‘
by or binds to lymphocytes (Bevilacqua et al. 1981, Lause et al. 1983),
even though it is pi:‘odUCed by é variety of other cells including fibro~
blasts and endothelial cells. Since Fn apparently does not bind Eo ,
lymphocytes, it is possible 'that the immunoregulatory properties of Fn
are due to its interaction with monccytes ~aﬁd macrophages. Beezhold et

al. (1983) have recently reported that Fn stimulates rat macrophages to
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secrete a protein that 1s capable of binding to mature T cells. Lause
et al. (1983) have shown that Fn is capéble of inducing T cell prblifera
tioriby a process dependent on a critical :nu;ber of macrophages. Perri
et al. (1982) studied ,ﬁhe in V‘itfa monoéyte—rnacrophage mediated cytox—
icity against two cultured human tumor lines, Malme melanoma and CAK-1
renal carcincma cells and found that the addition of Fn enhanced macro-
phage mediated cytoxicity 2-4 fold. Taken together, ‘these findings im-
plicate fibronectin as a poi:entially‘ important circulating molécule that
may play a role in the re_gulation'of immune func_tion; | |

>
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2. Natural killer cells

Natural killer celis .were ‘discoVered only 8 years ago during
efforts to study natural cell-mediated cytotoxicity. What began as an
"annoying incidental cbservation" has expanded into a broad area of
reééarch and d.isc':ov‘éry (reviewed in Hérberman, 1982c). MK functional
act1v1ty was orlglnally 1dent1f1ed as an unmedlate cytotox1c response to
tumor cells in vivo. Now, however, there are many recogmzed functions
of NK cells. NK cells belong to a subclass of lymphocytes termed null
cells, which are considered to be neither T hor B celis. NK cells
appear morphologically to be large granular lymphocytes (LGL) with aA
relatively hi_.gh proportiqn of cytoplasm that contains azurophilic gran-
ules aﬁd a kidney shaped nucleus (Timonen et al. 1981). These cells

may be isolated from blcod by use of a density gr,adiénﬁ pfepared with

Percoll, an inert silica polymer (Timonen &t al. 1980). “In humans, the .. - |

highest proportion of IGL's is found in the perpherial blocd where they
compriée 7% of all mononuclear cells (Herberman 1982a) . 'A‘n individual's
NK activity is relatively cons1stent over a perlod of several years and
- a oerson exhibiting high NK activity w1ll remain a high responder over
time (Pross( et al. 1982).

NK cells, in addition to macrophages, provide the body's fi;st 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). waever; 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 thoughtvthat tumor
cell differentiation plays some éoie in modulating its susceptibility to
NK mediated lysis (Werkmeiester et al. 1982a and'l982b).

The human MK cytolytic process proceeds through a series of camplex
events which have recently been resolved 1nto several clearly defineable
steps (Hisercdt et al. 1982a) . Flrst, the NK cell recognizes and blnds-
to its target cell. This binding is rapid, temperature insensitive and
requires Mg++. Next, tﬁe NK celf beccmes "activated" and modifies the
surface of the target cell rendering it susceptible to lysis. This step,
is Ca++ dependent, occurs optimally at 37 C ard is sensitive to the
effects of various pharmacological agents including lidocaine and pros-
taglandin E2 (Hiserodt et al. lQBZB)LwMSubeeéﬁeﬁtwto.these“events, the
NK cell can detach from the target and cytolysis will proceed The de~
tached NK cell is then recycled after a certain refractory periocd, and
may form conjugates with and.lyse other target cells. The actual lytic'
mechanism most likely inﬁolves the secretion of NK cytotoxic»faotérsrby
the effector cell (Wright,et’al. 1983). NK cells are capable of mount-
ing this c?tokytic attack on a target cell immediately upon contact,
without the need’for prior sensitization or recognition of determinants
coded by the major histocompatibility complex.

In addition to cytotoxicity égainst tUmor’oells, NK cells may also
e#hibit killer activity against various microbial agents: virus in-

fected target cellgw(Rager~Zisman.et al. 1982), parasites (Hauser 1982),
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fungi and bacteria (ﬁoder et al. 1981). It has also been suggested that
NK cells may play a role in therdestruction and/or controlvof growth and
development of some normal hematcpoieticland thymus cells (Roder et al.
1981) .., They also contribute toléhe rejection of bone marrow transplants
and participate in graft,vs’host disease (Herberman 1982b).

Macrophages are important regulators of NK cell aétivity. Some
studieSjindicate‘that-human:mon5é§tés_(Jb@dal et al‘:1981)-and broncho~
alveolar macrophages (Bordignon et al. 1982) can‘suppress‘or inhibit NK
activity. Due to the presence o§ supptessor monodytes, NK activity is
decreased after surgical trauma iﬁ cancer patients (Uchida 1982) and in
transplanﬁ patients (Onb et al. 1982, Guillou et al.x1982). Although
monocytes and macrophages have‘been implicéted‘as regulators of ﬁK func-
ticn, theré,is no published evidence.that macrophage presence is_re—_
quired for the occurrence of cytolytic killing by IGL cells. '

A positive reiatibnship between NK cells and macropﬁages may be
mediated by interferon in both animal model systems and humans (reviewed
- in Ununae 1981). The effécts.of interferon on NK activity’haﬁe been ex-
tensively étudied (Hefberman ed. 1982c); -NK cell activity in wvivo is
generally increased by interferon inducers. This increase can be im~
paired by the injection of agents that are tokic for maércphages.‘ Sim-
ilarly, the increése in NK aétivity 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 lymphocyte reaction

In 1963, the first report appeared in the literature stating that
1ymphoblastic proliferation occurred in cultures containing lymphocytes
~ from two unrelated individuals (Bain et al. 1963). Hirschhorn ét al.

(1963) confirmed that the mixture of imrphocytes from unrelated indi-
viduals led to cell énlargement and di_vis.;i?on., and Bach and Hirschhorn
(1964) were the first to suggest that the degree of transformation in
MIR might prove to be a useful quantitative measure of histocanpatibi’l—l
ity. Since that time, the MLR has beccme én exténsively used in vitro
test of genetically controlled antigenic recognition ard is routinely_‘
used as a measure of donor—recipient compatibility 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). Macrophages are ‘considered to be

the major stimulatory cells in the MIR due to their expréésion of anti-
genic determinants ‘c':o_ded by the Ia region of the major hiéto'cmzpatibil—
ity complex (MEC) (Rode and Gordon 1973, Ahmamn et al. 1979). Excellent
stimulation‘ in the MLR has been'achieved with highly purified popula- ,
tions of péritoneal 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 (Greineder et al. 1976). There are |
| several reports in the literature claiming stﬁnulation by B cells, but
these studies did not eliminate phagocytes from the stimulator cell pop-

ulation (reviewe_d in Davidson 1977). Minami et al. (1980) confirmed



15 .

the lack of stimulation by B cells and pointed to macrophages as the
majof_stﬁnulatory cell. . In their experiments, the degree of prolifera-
tion closely correlated with the number Qf phagocytic cells. Aiso,
'treating stimulator cells.' with gx;tibodies' against Ia antigens will in- »
hibit the MIR (A]brechtsen et al. 1977). These studies and others, have
confirmed that the I region of the MHC Codes for the antigehs respon-
sible for the Ml'.R. Since the MLR represegts a ca@léx set of celJ.ular‘
interactions known to éonﬁrol immune 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, I.éuse et al. (1982) found
that Fn added to the MIR consistently caused a dose dependent irhibition
" of the proliferative response. Fn may be actiﬁg to suppress the MIR by
" inducing macrophages to produce suppressor factors which may either mask
Ia-\likev antigens needed for stimulation or block thé_ ‘T cell proliferative

response through scme unknown mechanism.



Materials and Methods
A. Materjals
1. Media:

Unless otherwise indicated, the culture mgdia-us’led_ was RPMI 1640 to
" which was added with '10'0 U/ml si;i:éptdnycin, lOOvU/ml'penicillin, 0.25
mcg/ml fungizone, 2mM glutamine, 25mM Hepes and 2.0 gm/1 tissué grade
sodium bicarbonate (all reagenté from Gibco) . When indicated, bovine
serum albumin (BSA) (Sigma), or fetal calt serum (FCS) (Flow Laborator-

‘ies) was added to RPMI.

2. K562 cell line:

This myelogenous leukemia cell line, established by Lozzio et al.
(1975) was'kindly provided by Dr. Hsia, and was maintained in continuous
culture at 37 C, 5% Co,. in RPMI supplemented with .20% FCS. Cells were
fed every' two or three days and diluted sufficiently to maintain the

cells at concentrations of 2,--7x105 cells/ml.

16
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B. Biochemical procedures
1. TIsolation of Fibronectin:

Human .Fn was isolated from citrated plasma’by affinity
chromatographj on gelatin-Sepharcse following a modification of the
method of Rouslahti and Engvall .(i978) . gelatin (ICN) was coupled to
Sepharose (Pharmacia) by the cyancgen broiﬁide trgaunent of Porath et al.
(1973). The gelatin coated Sepharose was batch incubated with plasma for
2 hours at ‘room tempe,raﬁﬁre. The Aslurry was poured into a column and
washed with phosphate buffered saline (PBS), pH 7.4, followed by a wash
with 1 M urea in 0.05 M tris 0.15M NaCl buffer pH 7.5. The bound Fn was
eluted with 4 M urea in tris buffer, pH 7.5, and concentrated by vacumn
dialysis against 0.0l M tris buffer, pH 7.5. The final concentration
was determined by reading the protein's cptical density at 280 nm and |

using an extinction coefficient of 1.28 mg_lml. ' Fn was filter steril-

ized by passage through a 0.22 um filter. _' Purity 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 inds;.éated, Fn was prepai:ed in the presence of
10mM phenylmethylsulfonyl fluoride (PMSF) which was added to all buffers
used in the isolation procedure.

2, Labeling of Fn with 1251:
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Fibroneétin (1-1.5 mg in a final vdlmne of less than 2 ml PBS) was
added to an Iodogen (Pierce Chemical Co.) coated vial (0.1 mg Todo-
gen/v:.al) according to the methed of Markwell and Fox (1978). ‘To this

125.

vial was added 0.5~1.0 mC1 of I and the vial swirled gently for 10

minutes. Free iodine was 'seperated from protein bound 1251 by molecular
sieve chromatography on a prepackaged Sephadéx G25 column (PD~10 column,

Pharmacia) .
3. Preparation of Gelatin-coated beads:

Gelatin (ICN) was covalently bound tc; polystyrene latex beads (1.1
um in diameter, Sigma) by a modification of the car;bodiirhide reaction of
Barker et al. (1975) . Briefly, 1 ml of a 10% (w/v) suspensioh of beads
was washed twice in 0.9% saline and resuspended in 1 ml saline followed
by the addition of 120 ul of Carbodiimide (Sigma) solution '(7.5 mg,/10ml
saline prepared in glass). Immediately, 80 ‘ul of gelatin solution (40
mg/10ml. saline) was added ‘to the mixi:ur_e. This mixture was incubated -
for 30 minutes .at room temperature with shaking. Nonreacted active
sites were blocked by the addition of 2 ml gelatin solﬁtion. After an
additional 15 minute incubation the beads were washed 3 times with sa-

line (1000xg) and resuspended in 4-5 ml of PBS, nH 7.4,

4. 'Plasmin treatment of Fn:

y e

Fn was cleaved by the modification of a pre\}iously published pro- .
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cedure (Balian et al. 1979). Plasmin (Sigma) derived Erom porcine
blood, was added to Fn using an approximate enzyme to substrate weight
ratio of l:iOO. Digestion was performed at pH 7.5 and 37 C for 3 hours.
The reaction was stopped' by the Maéiditibn‘ of 10mM E-aminocaproic acid
(Sigma) and 10mM phenyhnethyl—sulfonyi .fluoride (PMSF) (Sigma). The
digest was dialyzed extensively against PBé over a 24 hour périod_ and

then immediately run on SDS-gels.to assess the eXtenf:”o_f cleavage.
5. OQuantitative determination of human Fn:

Total antigenic Fn content of selected Fn preparations were meas-

ured using a commercial J‘.Imnmoaissay kit frc'xn'Boeh:inger Mannheim Co.

6. Binding assays:

1251 labeled Fn (0.02ml) was added to‘"vafyirig' concentrations of ‘ta'-r-

get éells suspended in 0.5 ml PBS with 3.5% BSA. Cells were incubated
at 37 C in 5% Co, for one or seven houi:s, washed 3x in PBS and centri-
fuged at 200xg for 10 minutes. Supernatants v}ere removed and the radio-
activity in the labeled cell peilet was measured in a gamma counter. To
determine non-specific adhere‘nce of Fn tothe plastic tubes, céntrol

tubes were set up which contained no tar‘g_et‘,ceflls.
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C. Cellular -pfeparatiohs ‘
1. 1Isolation of peripheral blood lymphocytes:

Blood samples were dtawn aseptically and defibrinated using sterile
glass beads. The blood was diluted 1:3 with PBS, layered énto Ficoll-
. Hypaque (Pharmacia) arid__é:entrifugiéd at- 400xg for 20 n_iin}ztes foll’c:wing
the procedure ‘o‘f Boyum et al. (1968) . The lymphccyte band was col- |
lected with a pasteur pipette and' washed 2x with RPMI media. Mononuc-
lear cells were counted using a 'ﬁéxnocytqnete:, Cell viability was de;

termined by trypan blue dye exclusion.
2. 1Isolation of non—-adherent cell populations:

PBL were resuspended in 5% FCS-RPMI and ai’l_owed to settle on a
100x15 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’ fre,sh. |
RPMI. Washings were collected and non-adhereni‘:vceils Wefe adj.u'sted. 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 methly alcohol) for 3 minutes. Stain Was 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 aj_.r‘dry. é..lides.wege fixed arﬂ's;ained following
the procedure of Koski et al. (1976). '

5. Labeling of target cells or iymphocytés:

K562 target cells, lb6-107, were washéd 3x in RPMI and resuspended
in 0.02 ml media. One hundred uCi of NaSlCro4 (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 iﬁ RPMI and

adjusted to the working concentration (4x10° or 8x10° cells/well).
D. Cellular assays
1. MK Assay:

Target cells were dispensed (0.05ml/well) into 96 well round bottom

4 or ax10? cells per

microtiter plates (Cooke) at concentrations of 2x10
well. Various concentrations of Fn, BSA or media were added in 0.05 ml

aliquots. 1In certain experiments, targets were preincubated with Fn or
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'B‘SA prior to the aadition of effectors; or effectors were preincubated
with Fn or BSA prior to the addition of targets. When possible, 0.1 ml
of effector cells was added laét into the well in such a manner that
adequate mixing occured. :After :éil additions were ccmpleted, plates
were centrifuged at 250xg fdr 5 minutes. Plates were incubated at 37 C
5% 00, for 4 or 18 hours. .'Ifhey weré spun at 250xg for 5 minutes, and
-0.1 ml of supernatant was removed and quuilj‘ited in a gamma counter. Spon-
taheous i:eleasé' (SR) of 5]'Cr fron; target éells was detefmined by adding
0.1 ml media to 0.05 ml targets plus 0.05 ml Fn or BSA. Maximum release
(MR) wells contain 0.1 ml of 5% 'Efiton X. Percent lysis was calculated

as:

@:périméntal 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 x100.
2. MLR:

'PBL were isolated and resuspended in RPMI with 10% FCS at 2x10° re-
sponder cells/ml and 4:’:106 ‘stimulator cells/ml. Stimulator cells were
irradiated for 10 minutes at 110 kVp and 3.5 mA (Faxitron Series X-ray

machine). Stimulator cells were dispensed in 0.05 ml volume into flat
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bottom 96'lwe11 microtiter. plates (Lirbro) . Fn ér cbntrol média ‘was_
added in a Q.OS mJ. volume. Responder cells were added in a 0‘.1' ml vc\al-
ume in such a manﬁer as to insure adequate mixing of cells. Plates were
incubated at 37 C in 5% C02 and Ehen labeled on day 5 with 0.5 uCi/well
of 3H-thymidihe for 16-18 hours. Cultures were harvésted onto glass
fiber filter disks using a Brandel model 12V cell harvester. Radio-
activity retained on the Filter dlsk wés ;_t}easﬁred in‘a scintillation
counter using 5 ml of Ready Solv{iiquid sic;.intillat’idn fluid (Beékman)
'dispensed into vials containing the filter disks. MIR results were cal-
culated as ‘mean cpm 6f résponders alone (R,) subtracted from the mean
cpm of the allogeﬁeic response (RXSX) ie., mean(RxSx) —mean(Rx) + SE of

triplicate or quadruplicate samples.



Results and Discussion

A. Pn preparations

- In the research reported here, si'.xteen different Fn preparations
were isclated by gelatin-Sepharose affinity éhrcmatography. Eight ef |
these Fns were from individual plasma donors, whilethe remaining ei‘ght
‘were made from the byproducts of facﬁor ﬁII production~ (slime A). Teln
preparations were analyzed on 5.0% SDS polyacrylamide gels under both
reducing ard nonf:educing condivtilc:)ns. Five preparations we're‘ treated
with plasmin and then analyzed on\SDS;gels. In addition to Fns prepared
by the author, two Fn prepa:atioﬁs were obt;ined from outside sources.
Representative gels of the Fn preparations are shown in Figure 1.
Periodicaliy, the biologicel activity of the preparétiohs used in this

research was determined by their ability to agglutinate gelatin coated

latex beads and Ato bind to Staphylococcus aureus. Representative prep-
arétions were tested for antigenic aetivity by Ehe use of a commercial
immunoassay kit, and found to have similar er higher Fn concentrations
than measured by optical density at 280 nm and using an extinction coef-

ficient of 1.28 mg-"lml.

B. Natural Killing Results

Initial NK assays were perfofmed to demonstrate’ that the experi-

mental procedures used resulted in adequate l'evel_s of killing and to lde-

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) JOM Fn, 4) sllme 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.
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termine. if either fresh or'frozen cells oould be used as effector cells.
Adherent cell depleted mononuclear cells from seven different donors
were used as effector cells in these experimehts at effector:target
(E:T) ratios ranging from 5:1 to;100:1.>_The results of two typical exper-
iments are shown in Table 1. These experiments demostrate adequate kill-
ing over a widé range»of.effector:target ratios. The percentage spon-
taneous release, as calculated by#the for@ula given in Materials and
Methods, was consistently lower than lS%.H‘Throughout these and subse-
'quent experiments, some donors showed consistently high NK mediated cyto-
toxicity against K562 while other donors displayed low levels of killing.

Effector cells were normally 1=olated 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 iiquid‘nitrogen
until use, or, following isolation,ICells were left in media at 4 C over-
night and used the following day. Although viability of cells stored in
liquid nitrcgen was consistently greater then 90%, the killing ability
of these cells was significantly diminished from frosh cells as shown in
‘Table 2. Storing cells overnight for use the next déy did not alter NK
activity (Table 2). This same effect was seen using donor cells DF and
WO (data not shown) . Ihus, in all further experiments, effectors were
freshly isolated and used within a 24 hour period.

To determine if Fn mediated a dose-dependent effect on MK cytotoxi-
city,.NK aésays 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: MK activity against K562 éells

BEpt. 1 . Expt. 2

E:T ratio % lysis - ,  E:T ratio % lysis
5:1 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 against

K562 target cells. Cytotoxicity is given as mean $
lysis + SE of triplicate cultures. Donor cells
used were 1) JW, 2) DF.

27



28

Table 2: Comparison of effector cell. types

effector cell type % lysis
7D fresh - . 508
frozen B 123
Dbo - same day 55%
next day 52%

Comparison of NK activity using either a) fresh
or frozen effector cells, or b) cells used
immediately after isolation or the next day.
All E:T ratios shown here are 30:1.-
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were used as effector cells in these experiments. Bovi‘ne se;'um albumin
(BSA) was used as a control for non—speé:ific protein intéractions. Re-
sults of a representative experiment of four experiments are shown in |
Table 3. At each of the E:T réiz:l'i:os shown, neither Fn or BSA at any con-
centration tested produced ‘a significant differenqe. in percent lysis.
The Fn used‘ in this experiment was freshly prepared immediately beforé
.use from a single plasma donor (Div'o) . a

In order to. determine if this lack of é‘ffect was restricted to this
single Fn isolate, a separa{:e expériment was performed in which two dif-
~ ferent Fn preparations were used‘AQith 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/:fnl 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 activity were ob-
served with either Fn preparation. Using yet aﬁothér ceil donor (JW) in
a dose-response experiment, Revlon 34 Fn at 0, 300 or 500 ug/ml showed
no effect on NK activity (Figure 3). Two additional experiments, uéing
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
ro:].e in NK activity, experiments were performed. using both adherent de-
pleted and whole menonuclear cell preparations. In experiments using 4
hour assay t:onditions, 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/mi, did not alter NI.<h ac-

tivity in either the presence or absence of effector cells containing



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

- Effector :Target Ratios

Bal 15:1 30:1 50:1 .

Treatment B :
0 media 0.1+ 3 10 + 4 20 + 7 27+ 7
50 ug/ml. BSA  -0.3 + 3 8 + 4 21+ 6 30 + 7
- Fn 0.7+ 3 10 + 4 17 + 6 25+ 6
100 ug/ml BSA  -0.5 + 3 7 + 4 21+ 6 2%+ 6
Fn 0.6 F 3 . 9F 4 14F 5 25F 6
200 ug/ml BSA  -0.5 + 3 7+ 4 17+ 5 25+ 6
Fn 0.6 ¥ 3 8 ¥ 4 4% 5 25% 6
300 ug/ml BSA" 0.9 + 3 7 + 4 17+ 5 23+ 6
Fn  -0.3F% 3 8 ¥4 6% 5 23F 6

Influence of increasing Fn DMo 7-25 concentrations on NK activity
using effector cells from donor JG. Values are mean % lysis + SE.
Fn and BSA treatments were not significantly different by Student's
t analysis. '
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Figure 2. Effect of Slim_e A Fn and Rev 34 Fn °1',’1.’ NK Activity. :  |

Influence of two different Fn preparations on NK activity using DF effector
cells. Proteins prééent at 264 ug/ml: (A) Rev 34 Fn, (@) Slime A Fn,

and ( @ ) BSA control. Results are expressed as mean $ lysis + SE.

N
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Figure 3. NK Activity at Two Fn Concentrations.

NK activity of JwW effector cells in the presénce of media alone (@), BSA
control (A), or Rev 34 PFn (@). Protein concentration was either 300 or

500 ug/ml as indicated.
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. monocytes. A second expe.riment using different effector cells, ‘showed
similar results (Figure 4). 1In the presence of.300‘ ug/ml or 500 ug/ml,
Fn did not alter cytolysis of K562 by either non-adherenﬁ effector cells |
or effector cells containing monocytes. These experiments indicate that
in é 4 hour assay system, monocytes in ‘concentraticné normally present
in whole mononuclear cell preparations, do not interact with Fn to'cause
a change in NK cell mediate;i lysis. . _

Monocytes are known to have éytolytic 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 tai:get cells (Herberman 1982a). There-
fore, experin\énts were performed using 18 hour incubation ?eriods.‘ One
representative experiment is shbwn in Figure 5. ' Compared to the 4 hour
system, higher percent lysis was achieved in the 18 hour assay; however,
ﬁhe presence of Fn had no effect on cytoiysis either in the presence or
absence of menocytes. | | | )

| Next, adherent depleted céll preparations were used in 18 hbur ‘
assays to determine if pre-treatment of Fn with cells would affect NK

_activity. Effector cells or éhrqnium labeled target cells were préincu—-

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, chromium release was measured. As can be seen

in Figure 6, cell lysis was not altered by the pi:e—incubétion of Fn witl'_l
either K562 targets or effectors. |
Experiments were also performed to assess Fn's ability to bind to

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



Figure 4, NK Activity using Adherent~Depleted and Whole Mononuclear

Cell Preparations as Effectors.

MK activity of two différent effector pop_uiationsv froxﬁ donor JW: hatched

bars represent whole mononuclear cell pcpulations, noﬁhatched bars represent
adherent cell depleted effectors. Clear bars are media controls, open circled
- bars represent assays pérformed in the éresence of 300 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 Absence of

Monccytes. T

MK activity is shcown in 4 (left panel) or _18 (right panel) hc;ur assays. -Open
figures (O, Q) shov':';JD whole mononuclear cell preparations, while solid
‘symbols (M,®) represent JD non;aaherent effector. ‘cells. Dotted lines |
represent Fn treatment (500 ug Rev 34/rnl.) ,solid lines represent h\edia
controls. Values are given as mean % lyéis. Error bars are nét shown as
noné of the values differed significantly from media cohtrols’using the

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

MK activity using 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 numberé of K562 cells. Table 4
shows the amount of 125i—Fn bound to these cells at the end of 1 hour
Aincubétion. In a secohd experiment 12 ug of a radiolabeled single donor
Fn was added to K562 cells and 1ncubated for seven hours. Significant

" binding of Fn by target cells was not demonstrated in either experiment.
By calculating the amount of radicactivity per molecule of Fn, one can
estimate that <100 molecules of Fn were bound to each K562 cell. Sur-
face céllular receptors known to mediate immune function, are present on
cell surfaces in considerable numbe:s. For example, on thiocglycollate
induced rat macrocphages, 1x105 Fé receptors/cell have been detected
(Ezekowitz and Gordon 1982). Thus it would appear unlikely that the
small amount of Fn bound to K562 cells would be able to interfere or

potentiatevimmune reactivity directed against these cells.
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Table 4: K562 binding experiment

cell concentration - mean cpm + SD

o ~ 131 + 26

1x10° 387 16
~ 2.5x10° 501 + 14

“5x108 822 + 189

8x10° 794 + 115
Results of 1251

“I-Fn binding to K562 tagget cells
after a one hour incubation. Total =~ I-Fn :
..added per tube was 13 ug or 745,348 cpm.
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C. NK Discussion

NK cells are thought to act as an inmportant first line defense
against tumor development becaixse"of their ability to rapidly lyse tumor
cells, virally infected cells and other types of target célls. Before
lysis cah cccur, the NK c_ell rﬁust effectively bind to the target. cell
via some type of receptor-ligand-'_interacﬁj,on (Hiserodi{: et al. 1982a). |
Because Fn is present on the surface of scme types‘ of tumor cells (Sten-
man and Vahaheri 1981, Gibert et al 1982) and is also'kndwn to promote
cell-to—cell (Yamada et gal ’ 1978){. and cell-td—substrate (Rajaraman 1983)
adhesion, .experiments were performed to examine the possible role of
plasma Fn in NK cell mediated iysis.

During the course of these experiments, numerous conditions were
varied in an attempt to éhow a Fn effect on NK céll mediated lysis.
Parameters which were varied included: E:T ratios, sodrcé- and concentra-
tion -of Fn added, presence or absence of monccytes, length of incubation
times and pre-treatment of effectors or target cells with Fn.

The finding that frozen effector cells exhibit 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 'reportéd here, indicate that frozen efﬁector
cells demonstrate a significant loss of NK activity against K562 targets
in 4 hour assays.

In experiments reported here, thr;'ee different pfeparations of plasma

Fn were used; Fn isoclated from single plasma donors, Fn obtained commer-
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cially from Revlon Cdrp».., and Fn isolated. from the byproduct of factor
VIII preparation (slime A). Each of the preparations .'showed antigenic
activity as measured in a Boehringér-,Mannheim kit asséy and functional
activity as measured by their aﬁ:ility to agglutinate gelatin coated gel-

atin b_eads and to bind to cells of Staphylococcus aureus. Thus, each of

these Fn preparations had seemingly intact functional properties, yet
failed to influence NK activity in vitro. . '

The fact that pla.ana Fn had no effect on NK cell mediated lysis
does not preclude the possibility :that cellular Fn might be active at
‘the effectdf-target contact region'. In studying cell-to-cell adhesion,
Yamamada et al. (1982) reported that glutaraldehyde fixed and trypsinized
human erythrocytes were readi]Ty.' agglutinated by cellular Fn, but only |
poorly by plasma Fn. Thué, even though plasma Fn can mediate cell-to- .
substrate adhesion and transform cells to a more normal morphology,
cell-to—cell adhesion may be mediated successfully only by cellular Fn.
.This possibility ié addressed indirectly by the action of monensin, a
" carboxylic ‘ioﬁophore,' that blocks the lytic activity of NK cells (Carpen
et al. 1982). Interestinély, monensin has also been shown to block the
secretion of Fn by human fibroblasts such that Fn may be found in the
cytoplasm of these cells but is not bound ﬁo the cell surface (Virtanen
et al. 1982). One can specuiate that if NK celi 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 monensin does block cytolyti'c. activity by NK

cells, this blockage is not due to lack of NK cell to target cell bind-
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ing. The formation of ceil-to—cell contact in these experiments was
normal (Carpen et Aalv. 1982) . Thus, it appears unlikely that even cellu-
lar Pn has an active role in NK cell mediated lysis. |

Monocytes are known to bind Fn to their cell surfaces (Bevilacqua

et al.j 1981), but in experiments reported here, the presence of mono-
thes in the e‘ffectorv cell population did not alter cytolytic activity
when Fn was included in the :assay. Fn did not enhance a monocyte med-
iated killing effect in-either 4 or 18 hour assays agains,t K562 cells.
Eowever, using éiffer‘ent assay coriditions and other target cells, Perri
et al. have shown that plasma Fn:'enhances in vitro monccyte-macrophage
mediated tumoricidal activity (Perri et al. 1982). 1In 48 hour assays,

exogenous plasma Fn, a_dded to wells contéining mhocyte/nacrophage mono—~
layers and radiolabeled tumor cells, consistently caused a dose depen—
dent enhancement of tumoricidal activity against two cultured human
tumor cell linés; Malme melancma and CAK-1 renal'carcinorﬁ;. These”
authors s_uggested 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 MK 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
binaing. 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 would strengtﬁen 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 gells by stimulating macroc-
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 macrcpiages to produce a factor which éugments
lymphcproliferative responses to mitogens. waever, in the 18 hour
cytotoxicity reported~hére,an apparently did not stimulate monocyte'
production of'factors which-inflﬁence NK gell mediatéd lysis of K562
cells. | .. ‘

A preliminary report'by Reese et al. (1983) stateé that Fn has
the ability to act synergisticaliy_with murine NK cells to lyse MCG-T14
mouse mammary carcinoma cells in.4 hour assays. In their report,
splenccyte cell populations were used as the source of effector cells.
These cell preparatiOnsAwere 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 mur-
ine effector spleen cells. They attribute their variable Fn effects on
MK activity to maércphage secretion of stimulatory and inhibitory sub-
stances (Reese, personal communication). However, sinbe 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 Results

ﬁmnan lymphocytes generally exhibit a log phase of proliferation to
‘alloantigen from 4-6 days of a mlxed lymphocyte reéponse (Du Bois et al.
1974). To determine if Fn's effect on the MIR followed simildr kin-
etics, a time course study was performed. Table 5 shows representative
results of a 3 day time cburse study. In this experimept, plasma Fn was
added to culture wells at concentrai:ions of 9, 18, 45 and 90 ﬁg/well.
Cultures were labeled wi.th ?H—thyinidine 18 hours prior to harvesting.
The influence of Fn on the MLR wés the most prcnounced in cultures har-
vested on day 6. Thus in all future experiments, cultures were pulsed
on day 5 and harvested on day 6.

Following determination of the optirmim time course of prolifera-
tion, a total of 21 different Fn treatments were tested foi ‘their effect
on the MIR using lymphocytes from ten different donors. _Mcnoestgerase
stains were performed on final lymphocyte preparations to determine
mono_,cyte content of plated éélls. Morocyte content was routinely 5-12%
of total nbnonuclear cells; Fn's influence on the MLR appeared unrelated
to moﬁocyte concentration of either responder or stimulator cells within
this rangé.

In'general, the results of these experiments supporrt the following
claims: a) Fn made from byproducts of factor VIII preparation (slime A),
which shcowed addi_tionai protein bands on SDS gels, caused an enhancement
of the MIR, b) a lycphilized preparation showing oniy intact 440 Kd My

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

ug/culture of Fn

Harvest .

day , 0. -9 .18 o _ 45 90
5 16.2 + 0.9 18.8 + 0.5 18‘.5 + 0.3 18.2 + 6.2 19.9 + 1.9
6 11.4 + 0.5 15.2 + 1.7 25.3 + 5.6 28.9 + 2.6 21.8 + 0.3

7 14.7 + 2.1 22.6 + 2.7 23.6+ 4.2 18.2+ 1.3 17.5+ 0.7

Time course study showing the dose-dependent effect of Fn DDo 8-23
on the all_L_ggeneic mixed lymphocyte response. Values are mean
+8bx 10 ", stl donor cells were 1) DMo 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, suppréss the
MLR, and d) Fn made from indivic‘xual doncrs and from slime A which was
purpesely cleaved with plasmin, caused no effect on the MLR.

Six different slime A Fn preparations and two Fns isolated from
individual plasma donors all caused enhancement of the MLR. These prep-
arations demonstrated good gelatin 'binding activity ’a:s‘ measured by their
ability to clump gelatin coated iate’x beads, but as can be seen in Fig-
ure 1, these preparationé showed multiple protein bands cn both reduced
and non—reduced SDS gels.

Fn's enhancing effect on the MLR can be seen in Figure 7. In this '
experiment, slime A Fn 11-10 or human serum albumin (HSA) control was |
addéd to culture wells at concentrations of 10, 20, or 40 ug/well. 1In
the presence of Fn, the proliferation showed a dose—dependent enhance-
ment when ccmpared to HSA and media control wells. Slgnlflcant enhance-
ment was seen at Fn concentrations as low as 10 ug/well correspdnding to
a—-physidlogical concentration of 50 ug/mil. |

Using three different allogeneic pairs, slime A Fn 1-3 also caused
a concentration dependent enhancement in ali cellular combinations and -
their reciérocal pairings; i.e., R:LS2 vs stl' In Table 6, the six pos-
sible responder and stimulator pairings are shown. In each case, en-
hancement of the response 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 shows the results of an experiment in which three different



.Pigure 7. Enhancing Effect of Slime A Fn 11-10 on the MLR.

Effect of Slime A Fn (11-10) shown as the solid équares on thé MLR using
donor cells RP (responder 1), or SA (responder 2). Solid circles represent

HSA controls. Results represent specific s_timl.‘:llation: mean cpm of

RyS; = R, * SE x 1073,
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Table 6: Fn enhancement of the MLR using six allogeneic pairs

6.8 + 0.5

7.9
3.3
2.2
6.8

4.8

-

-+

+

+

+

0.2

0.3

0.9

0.8

0.5

protein concentration ug/culture

. 15 30 45

Fn 8.8+ 0.1 11.1+ 0.5 13.5
BSA 6.0F 0.1 6.4% 0.1 7.6
Fn - 11.0 + 0.5 12.5+ 0.5 18.1
"BSA 12.3¥.0.2 10.1¥ 0.3 11.8
Fn 5.1 + 0.3 5.8 + 0.9 7.6
BSA 3.4F% 0.5 2.7% 0.7 2.3
Fn 4.2+ 0.5 7.1+ 0.7 8.4
BSA 1.9F 0.2 1.9F 0.2 3.2
Fn 9.4+ 0.9 10.0 + 0.7 14.6
BSA 8.6 0.6 6.6% 0.2 7.7
Fn 8.2+ 0.8 13.1+ 0.5 13.9
BSA 4.0¥ 0.6  4.3F% 0.2 5.0
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 Slime A Fn 1-3 causes a dose-dependent enhancement of six

different allogeneic MLR pairings, beginning with concentrations

as low as 15 ug/culture. Values are given as mean cpm (
Donor cells were 1) SM 2) RC 3) ML.

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

ug/culture mean.cpm X 1073

0 6.3+ 0.2

Fnl-4 . 15 9.7 + 0.4
31 9.6 T 0.1
16 12,4 F 0.3

Fn 1-10 23 9.9 + 0.2
16 10.6 ¥ 0.2

69 9.0 ¥ 0.2

Fn 1-31 19 9.3 + 0.2
39 . 9.8 % 0.2
58 1.1 0.3

Comparison of the effect of three different slime A Fn
- preparations on the MIR pairing Rlsz. Donor cells

were 1) JaG 2) DF. _galues. are given as mean cpm

(R;S,~Ry) + SE x 107", : .
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slime A Fn preparations were used with one allcgeneic pair. Each of the
Vth:ee slime A Fn preparations resulted in significant enhancement of the
MIR. Results from the experiments described thus far, led to the con-
" clusion that Fn enhances the préliferative response between allogeneic
lymphocytes. However, due‘to the appearance of multiple protein bands
cn SDS gels, it was not possible tbArule cut the possibility that this
enhancement was céusedjby a'ffagment of Fn og‘a non-Fn 9ontaminant.

Due to the variation in appéarance of Fn préparations on SDS gels,
a Fn preparaticn was tested which was obtained from Dr. Jean-Jacques
Ntmgénthalér of the Central Labdfat§ry of the Swiss Red Cross Traﬁs—
fusion Service. This Fn, desigﬁated JJIM, was made in the presence of
the protease inhibitor phenylmethyl sulfonyl fluoride (?MSF) and scdium
azide, extensively dialyzed and finally lycphilized. JJM Fn displayed
the characteristic Fn pattern without seconda;y bands on reduced and
non-reduced SDS gels stained with Coomassie Blue dye. When tested in
MILRs using three séparate 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 3H—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 JIM 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 thé MLR by JIM Fn is shown using six different allogeneic
, paifs. Solid lines and symbols represent Fn addition, ddtted lines and
open symbols represent HSA controls. Each panel shows one responder cell
type plated witl} two different stimulator cell types. St:imulaAtor‘célls

(@) SM, (A)RC, (=)Jw. Results are eépressed as cpm specific stimulation.
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ticns, viability was determined by trypan blue dve exclusion on day 6 of
culture. At each conceﬁtration tested, cell number and viability re=
mained similar to that of control wells: 7.6x105 cells/well, 89% viabil-
ity, 6.9x10° cells/well, 83% viability, 7.5¢10° 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 noﬁ-frag—
mented Fn preparation, efforts wel;e' made to isolate iﬁtact Fn-from an
individual plasma donor. The JD 3-2 Fn was isolated very carefully by
a) washing the gelatln-Sepharose 1n batch with 4M urea ‘prior to incubat-
ing with plasma, b) washing the gelatln-Sepharose plasma column exten-—
sively with PBS c) adjusting the flow of the column to a very slow drip
rate, and d) perhaps most impori:antly, using the Fn immediately after
isalation. Fn JD 3-2 appeared completely intact on geis run inmeaiately
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

1x10°

and 2x105 stjmi:lator cells/well. The findings in this experiment
suppport the theory that intact molecules of Fn suppfess the MLR.

To test the possibility that Fn fragments were responsible for en- |
hancing effects, five different Fn preparations were made and treated
with iolasmin. 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 Ilefi-: at 37 C revealed aﬁy fragments.

In two experiments using a single donor Fn isclated in the presence



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

Stimulator Concentrations.

Inhibition of the MIR using JD 3-2 Fn is shown by the solid symbols. HSA
controls are shown in open symbols. Squares répresent a stimulator

'~ concentration of 2 x 105 cells/well. Circles represent stimulator
concentrations of 1 x 105 cells/well. Vélués represent cpm of

specific -stimulation. Donor cells were 1) DF, 2) RC.
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of PMSE", 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. When tested in MLRs they had no significant effect on
proliferative résponse. Table 8 shows the representative results of
both of these experiments. A third experiment which was performed uSing _
~aFn made in the absence of PMSF, showed similar res_ults. (data not' shown) .
Up to this point, the only inhibition.of the MLRthad cccurred using
freshly made intact Fn JD 3-2 or 1yéphilized Fn JﬁM. .Other Fn prepara-
tions which did not produce supp;:eSsion either contained additional pro-
tein bands on gels or were manipulated for several days priof to use.
Therefore, an experiment was designea to ﬁest both slime A Fn (5-20) and
single dqnor Fn (JG 5-20) imnediately after isolation, as well as frag-
ments generated by piasmin cleavage of these p‘reparationé. : 'I’hrougﬁ_
appropriate scheduling, the Fn would be as fresh as possible when used
in both experiments. The results “ofb this ‘experiment conf_irm the claim
that fresh, intact Fn if used immediately after isolation will cause |
suppression of mixed iymphocyte proliferation (Figure 10). Decreased
3H-thymidine 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 MIR while slime A Fn still had no effect (Table 9).



54

Table 8: Effect of plasmin or 37 C treatment on the MLR

Experiment 1 RS, .
protein concentration ug/culture
35 75 113

Omedia 37CPn 47.3+ 3.1 57.9 + 3.2  54.7+ 1.3
51.7 + 2.7 o -
HSA 52.2+ 3.2 56.1+ 8.3  6l.1+ 2.8

Experiment 2 R182
protein concentration ug/culture
13 _ 26 . 39

0 media  plasmin Fn 4.2+ 0.4 4.6+ 0.4 5.0+ 0.8
4.2 + 0.2 . ~ .
HSA 4.9+ 0.4 4.3+ 0.4 4.6+ 0.3

Results of two 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 l) DF 2) RC. Values are given as

mean cpm (RXSX-RX) +SEx 10 ",



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

MLRs performed in the presence of varying concentrations of Fn JG 5-20
(solid squares), HSA (solid circles) and Slime A Fn 5-20 (solid triangles).

Results are expressed" in terms of cpm specific stimulation.
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Table 9: Effect of plasmin cleaved Fns on the MLR

ug/culture  mean cpm X 1073 +SE
o

JG Fn 5-20 5
10
15

slime A Fn 5-20 8
16

24

HSA 13

-39

Effect of plasmin cleavgg
mean cpm (R,S,~R,) x 10 ~,
are significantly different from the 0 control as
evaluated by the Student t test.

1) Jw 2) DF.
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E. MLR Discussion

In results presented here, the heterogene_ity of Fn preparations
caused a marked difference in the effect of Fn on the MLR. Intact Fns
obtained from individual donors and used immediately after isolation and.
cne lycphilized preparation used iﬁmediately after reconstitution, had a
sﬁppressive effect on the MLR. This suppression was hot; due to a cyto~
toxic effect of Fn since both cell numbers. and iviabilities were .si;milar
in controls without Fn and in wel;s having a maximum Fn concentration cof
60 ug/well. The same three Fn preéarations which caused inhibition of
- the MLR, also caused a dpse-dependent decrease in the uptake of 3][-I—thy—
midine by responder celis _cultui:ed alone; These cells showed prolifera-
tive capacity during the 5 day incubétion period, but their abil.ity to
incorporaﬁe 3H—thYmii:’line was diminished.

In contrast, seven Fn preparations caused enhancemeri_t of the MIR.
These Fns were shown to contain protein bands of molecular weights
other than 440,000 daltons. Most of these additional bands displayed
molecular weighﬁs befween the 200 Kd and 92 K4 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.
Althoﬁgh 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 kncwn to influ-
ence the immune response, proteases (Bretz 1978) genérélly have small

molecular weights (eg., elastase 34 K4, trypsin 30 Kd). Since most of
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the additional bands were in the 92-200 Kd MW rarge, ‘it is unlikely that
these proteins were iproteases. It is also important to remember that
these proteins were isoléted by affinity chromatcgraphy on gelatin Seph-
arose ard fherefore should have some ability to bind gelatin.

In addition, if these proteins were non-Fn contaminants, the Fn an-
tigenic inmunoassy would have shown lower concentrations of Fn as com—
pared with protein measurements determined by cptj.ca]f density at 280 rm.
The immuncassay kit, which measures Fn concentration by antigenic activ-
ity, revealed Fn concentrations either similar to or higher than that
measured b}?:optical density. It‘is most likely, therefore, that these
secondary profein bands were gelatin binding Fn fragments.

Considering the two opposite effects of Fn on the MIR, it seemed
logical to conclude that intact Fn molecules mediate suppression of"the
MLR whereas, fragments of Fn might cause enhancement.m Ho;vever, whenFn
was treated with plasmin and successful cleavage ‘occurreé, these plasmin
derived 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
small molecular weight fragments with the most‘predominant; fragment
having a molecular weight of 30 Kd (Balian et al. 1979). The Fns
cleaved here vielded fragmenﬁs of similar moleculér weight; however, none
of these fragﬁments had an effect éh the MLR. The biological activities
of various fragments of Fn have been mapped to particular regions of the
Fn molecule by cleavage with a number of proteases; éathepsin D and

plasmin (Balian et al. 1979), trypsin (Hayashi and Yamada (1982’) , alpha
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thrombin (Furie and Rifkin l980). Since different Fn fragments have not
been tested ;ndividually for their effect on the MIR, it is impossible

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 ehhancement of tﬁe MLR; thus, one would

' not necessarily expect to find similar effects of théseitwo different
fragmented Fns on the MIR.

Besides using Fn preparations.that were freshly isolated, other Fn
preparatiohé were left at 4 C, 37 C or‘extensively manipulated (i.e.,
frozen, thawed, dialyzed, left at room temperéture). These Fns showed
no effect on the mixed lymphocfte responses. Thus, these results empha-
size the impqrtance of uéing freshly prepared, intact Fn to achieve sup-
pression of the MIR.

This is the first report that fresh intact Fn cause; suppression of .
the MIR in huﬁans, butva similar discovery has been reported in;studies
using inbred rats (Lause et al. 1982). These aﬁthors»saw scme inconsis-
tency between different Fn preparations at low concentratiOns (1-5
ug/culture) required to achieve inhibition.of the MLR, but in general
they cbserved consistent inhibiticn at concentrations of 10-50 ug/cul-
ture. In experiments reported here, suppression occurred at the lo&est.
concentrations tested which was 10 ug/culture. |

In addition to shqwiﬁg a suppressive effect on the MLR, Fn has been
implicated in other immune regulatqry 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). |
The mechanism by which plasmé Fn mediates immunoregulation is un-

known, but it probably occurs through Fn's interaction with macrophages
since Fn is known to be produced by (Alitalo et al. 1980) and bind to
macrophages (Bevilacqua et al. 198l). Other proteins known to have im-
munoregulatory activity have been studied Yo deteminé’_ the ‘mechanism by
which they suppress the MLR. In mice, alpha fetcproteiﬂ' (AFP)‘ induces
the formai;ion of suppressor T cells whi\ch can effectively interfere with
the co-cperative interaction between T cells, B cells and macrophages
(Murgita et al. 1977) . Alpha-2-macroglobulin (A2M) suppresses 1/:he human
MLR by a non-cytotoxic mechanism that interferes with the collaboration

of @n@tes/mcr@hages with lymphocytes (Hubbard et al. 1981).
- The stimuiating 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 niacrophages, B cells and activated T cells. Fn
is thought i:o interact with vsu.gar moietiesl on some glyccoproteins
(Julkunen et al. 19835 ; therefore, it isv possible that Fn suppresses the

MLR by binding to and masking i:he Ia antigens needed for stimulation.



Summary

The role of plasma fibronectin (Fn) as an immunoregulatory molecule
was investigéted using two in vitro assay systems: natural killing (NK)
against K562 target cells and the mixed lymphocyte response (MIR). In
NK assays, Fn showed no ’effect cn the cytolysis of target éells delsp‘ite
variation of such parameters as effector cell donors , effector to target
ratios, source and concentration of Fn added; presenée 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. Ereshly made Fn
from two individuals and a lycphilized preparation made from multiple
donor outdated plaéma which showed no fragmentation on SDS gels, all me-
diated a suppression of the MLR. Fn prepared from byprod;.xcts 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. Since Fn has opposite effects on the MLR
which are seemirgly 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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