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INTRODUCTION 

A. Statement of the Problem. 

Data have accumulated identifying fibronectin as a non-specific opsonin (Saba et 

al., 1978), as having a function in wound healing (Reese et al., 1982) and in cancer cell 

growth both in vitro and in vivo (Chen et al., 1978). ~ince many of these effects are 

mediated by macrophages, and macrophages are critical in the development of immune 

responses, it seems likely that fibronectin may actively modulate these responses. 

However, this has not been investigated thoroughly. Unanue (1982) reported that a 

macrophage surface protein with characteristics similar to fibronectin was involved in the 

binding of Listeria monocytogenes to the macrophage membrane for processing and 

presentation to T -cells. However, this. protein was not definitively identified as fibronectin. 

La use et al. have reported fibronectin inhibits two portions of the T -cell response; i.e., the 

mixed lymphocyte reaction (MLR) (1982) and mitogen-induced lymphoproliferation 

(1983). The qata presented herein report the effect of fibronectin on the humoral arm of the 

immune response by assaying various parameters of the response by rat immunocytes to 

the T-dependent antigen 2,4,6-trinitrophenyl-keyhole limpet hemocyanin (TNP-KLH) as 

the model. 

The use of rats and rat fibronectin as a model system was selected because their 

circulating levels of fibronectin most closely approximate human levels (Niehaus et al., 

1980) and much of the research on fibronectin has utilized this animal. Additionally, the rat 

system is being utilized by Lause and co-workers to study fibronectin's regulatory role in 



cell-mediated immune responses, and rat macrophage secretory activity (Beezhold et al., 

1983; Lause et al., 1982-- 1985). 

TNP-KLH was selected because of its antigenic potency as originally described by 

Rittenberg and Amkraut (1966). These authors showed that TNP-KLH induced detectable 

serum anti-TNP and anti-KLH antibodies after one or two intravenous-injections without 

adjuvants (10 -15 mg/ml saline, 1ml pe~ rabbit per injection). The levels achieved were 

comparable to other hapten:carrier conjugates requiring adjuvants. In the rat however, 

Dixon et al. (1966) reported that primary intravenous injection of 0.5 mg KLH/ml 

saline/animal induced detectable anti-KLH synthesis only on day 5 when measured 5, 10 

and 30 days post-,innoculation. The same antigenic dosage in .incomplete Freund's 

adjuvant induced a 300-fold greater anti-KLH response in rats by day 20 compared to that 

achieved without adjuvant. 

B. FIBRONECTIN 

1. History. Fibronectin was originally described by Morrison et al. (1948) as a 

cold-insoluble component (cold insoluble globulin) of fibrinogen purification. This was 

done as part of the program of blood products preparation during the Second World War 

by the Department of Physical Chemistry, the Harvard Medical School (Edsall, 1978). 

Since that time fibronectin has been studied and named according to its various biological 

activities. These include Large External Transformation-Sensitive (LETS) protein, 

Fibroblast Surface Antigen (SFA), opsonic alpha-2-surface binding glycoprotein (alpha-2 

.. SBG.) and Cold Insoluble .. Globulin (Cig) (Pearlstein et al., 1980 andY amada and Olden, 

1978). 
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2. Distribution. Fibronectin is a constituent of both plasma and the cell matrix 

(Ruoslahti et al., 1982). It is synthesized in vitro by a number of cells or cell lines 

including fibroblasts, endothelial cells, chondrocytes, macrophages, hepatocytes, 

teratocarcinoma cells and early embryonic tissues (Hynes andY amada, 1982). In vivo the 

major source ofplasm_a fibronectin appears to be hepatocytes (Yamada, 1983) although 

Hynes and Yamada (1982) suggest that macrophages and endothelial cells could also 

contribute. Human plasma fibronectin levels are approximately 300 J.lg/ml with levels in 

males being slightly higher than those in females. Concentrations increase in both sexes 

with age (Erickson et al., 19g2). , Levels in neonates are 50% of adult riormal without the 
- ' . 

noted sex difference (Barnard and Arthur, 1983). 

3. Structure. Human plasma fibronectin. is _a heterodimer of two nearly identiCal 

polypeptide chains (A, B or alpha, beta) (Akiyama et al., 1981; Yamada, 1983) with a 

dimeric molecular weight of approximately 450,000 Daltons (Hayashi and Yamada, 1983). 

It is probably encoded by a single gene and ~temative forms arise from alternative spli_cing 

within the coding region yielding different fibronectin mRNA's (Komblihtt et al., 1983, 

1984; Schwarzbauer et al., 1983, 1985). · When subjected to isoelectric focusing, five 

separate fractions were present with isoelectric points ranging from 5.6 to 6.1 (Boughton 

and Simpson, 1984). Plasma and cell surface fibronectin_ are glycoproteins (Yamada, 

1981) containing from 5-9% asparagine linked complex oligosaccharides (Hynes and 

Yamada, 1982). Circular dichroism data suggest fibronectin is a highly flexible molecule 

with defined globular structures (Yamada, 1981). At physiological pH the structural , 

domains are capable of independent mobility (Lai et al., ·1984). These data and studies of 

proteolytically fragmented fibronectin have produced a model of its structure. Fibronectin 

appears to consist of seven, discreet, biologically active domains separated by protease 

sensitive amino acid sequences (Yamada, 1981). Activities have been assigned to each 

3 ' 
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domain (summarized in Hayashi and Yamada, 1983) which are: Domain 1, which is 

. located at the antino terminal end of the molecule, contains the fibrin I, heparin I and 

Staphylococcus aureus binding sites as well as·~~e glutaminyl residue involved in Factor 

XIIIa mediated cross-linking to collagen, gelatin (Mosher, 1980) and .S.. aureus (Mosher 

and Proctor, 1980). Domain 2 contains the collagen binding site (Mosher, 1980) and 53 to 

4 

. 62% of the carbohydrate in human plasma fibronectin (Hayashi and Yamada, 1983). 

Akiyama et al. (1981) reported that domain·3 binds actin, DNA, heparin and .S.. aureus. 

However, the binding activity of domain 3 was re-investigated at physiological salt 

concentration by Hayashi and Yamada (1983), and these workers failed to substantiate 

Akiyama et al. 's results. Thus, the binding activity of domain 3 remains to be elucidated .. 

Domain 4 contains the cell mem~rane binding site, the target of which may be gangliosides 

(Akiyama et al., 1981 ), glycoproteins, glycolipids (Yamada et al., 1981 ), and/or heparin 

sulfate proteoglycans (Yamada, 1983). Domain 5 contains the divalent cation insensitive 

heparin binding site (site IT) and domain 6 the second fibrin binding site (site IT) which 

may have a lower affinity for fibrin than site I in domain 1. Early studies suggested the cell 

binding region overlapped domains 4-6 (Mosher and Furcht, 1981}. However, an 11.5kD 

proteolytic fragment, which retained most of the cell binding activity of the intact moleeule, 

was isolated using monoclonal antibody which could also inhibit cell attachment to 

fibronectin. This 11.5kD fragment was assigned to the central portion of the fibronectin 

molecule, i.e., domain 6 (Yamada, 1983; Yamada et al., 1984). The activity of this site 

has now been shown to be due to the peptide sequence Arg-Oly-Asp-Ser (RODS). 

Pierschbacher and Ruoslahti (1984) andPytela et al. (1985), using the synthetic peptide 

Oly-Arg-Oly-Asp-Ser-Pro, isolated the putative fibronectin receptor from M0-63 humap. 

osteosarcoma cells. This 140kD glycoprotein was then shown to bind to fibronectin 

coated surfaces. Lam et al. ( 1985) have used peptides containing RODS to inhibit the 



binding of fibronectin to thrombin stimulated platlets ~d platlet aggregation. Domain 7 is 

defined as the carboxy terminus and contains the intersubunit disulfide bonds. -

4. Functional Properties 

a. Wound Hea).ing. Wound healing may be broken down into several overlapping 

steps. Broadly these are: 1) coagulation, 2) removal of cell debris, 3) repair and 4) 

remodeling (Reese et al., 1983a). Fibronectin has been shown to be involved in each of 

these steps in vitro and iti vivo (Grinnell, 1984; Grinnell et al., 1980, 1981; Reese et al., 

1982; Robbins et al., 1980). The function of fibronectin in wound healing is dependent 

upon its ability to bind to fibrin, collagen, actin, glycosaminoglycans, macrophages, 

platlets and fibroblasts by either specific sites on its own structure, or cell surface 

fibronectin receptors (Reese et al., 1983a). During coagulation, fibronectin is incorporated 

into the fibrin clot by interacting with both fibrinogen ~d fibrin fibers and is cross-linked 
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by Factor Xllla (Mosher, 1980). Grinnell et al. (1981) have shown that fibronectin covers 

most of the fibrin strands in yivo, and the typical clot is estimated to contain 5% fibronectin · 

(Mosher, 1980). Fibronectin appears to be necessary as scaffolding for 

monocyte/macrophage and fibroblast adhesion and their migration through the wound site 

(Grinnell et al., 1980 and 1981). 

Fibronectin can also function as a chemotactic factor, drawing human monocytes 

-~d fibroblasts to the wound site (Norris et al., 1982; Postlethwaite et al., 1981). Once 

there, human monocytes may be induced to release Monocyte/Macrophage-Derived Growth 

Factor (MDGF) which in vitro stimulates fibroblast proliferation (Martinet al., 1983). 

Bitterman et al. (1984) have shown' that plasma or macrophage produced fibronectin act as 

competence factors for ~plication of growth arrested fibroblasts. Fibroblasts within the 

wound site secrete both pro-collagen and fibronectin. Thus, fibronectin is incorporated 



into the fiber as collagen is being synthesized and processed (qrinnell, 1984) thereby 

aiding in the cellular reconstruction of the wound site. 

b. Opsonization. Wright and Douglas (1903) demonstrated that normal human 

plasma and serum contained factors which would enhance the phagocytosis of 

Staphylococcus mrogenes by human peripheral blood leukocytes. They defined this 
. ' 

6 

activity as an "opsonic effect (opsono- I cater for; I prepare victuals for)" and "designate the 

elements in the blood fluids which produce this effect" as "opsonins". Fibronectin has 

· been implicated as a non-immune opsonin. Although less effective than complement or 

immunoglobulins, it ap~ars to be critical for the function of the reticuloendothelial system 

(RES) (Mosesson and Amrani, 1980; Mosher, 1980;·saba et al., 1978). Fibronectin has 

been shown to bind to .S.. aureus but not to Escherichia coli or Mycobacterium butyricum 

(Mosher and Furcht, 1981). It also binds. to streptoccoci (Myhre and Kuusela, 1983), C1q 

(Bing et al., 1982; Pearlstein et al., 1982), C3, C3c, and C3d (Hautanen and Keski-Oja, 

1983). By bin~ng to complement components, fibronectin may aid in the clearance of 

complement lysed debris by the RES (Bing et al, 1983). Additionally, Emmerling (1981) 

reported the binding of fibronectin to asymmetric acetylcholinesterase. 

Clinically, Saba ( 1979) reported fibronectin levels are depressed during sepsis, 

trauma, burn, intravascular coagulation or surgery. In some cases, cryoprecipitate (rich in 

plasma fibronectin) has been administered with reported clinical improvement,(Mosesson 

and Amrani, 1980). Consequently, circulating levels of fibronectin have been studied in 

intensive care unit patients to determine its efficacy as a marker of clinical prognosis. 

However, in these patients, Rubli et al. (1983) rep·orted that, in addition to fibronectin, the 

levels of anti-thrombin Ill (AT-Ill), transferrin and prealbumin (all hepatic proteins) were 

depressed. These autho~~ found that the individual nadir of AT-ill was a better marker 

than the nadir of fibronectin as a marker of clinical.prognosis. 



The effect of fibronectin binding to .S. aureus on phagocytosis by leukocytes is 

controversial. Doran et al. (1981b) and Lanser and Saba (1981) reported that coating of the 

bacteria by fibronectin enhanced attachment and phagocytosis of .S. aureus by PMN's. In 
) 

an expanded study, Verbrugh et al. (1981) found that fibronectin bound to, but did not 

promote the phagocytosis of .S. aureus by human PMN's, monocytes or alveolar 

macrophages. These results were·confirmed by van de Water et al. (1983) with 

mononuclear phagocytes and P:MN's from different species. These data suggest that 

fibrone~tin is, at best, a minor component of the opsonic protein repertoire for bacteria. 

7 

c. Inhibition of Bacterial Colonization. The concentration of cell surface 

fibronectin has been implicated in the pathophysiology of bacterial diseases (Woods et al., 

1980, 1981). These authors have shown that, when compared to age matched controls, 

patients colonized by Gram negative Pseudomonas aeruginosa have reduced levels of 

buccal cell fibronectin. In in vitro experiments, f. aeruginosa adhered in significantly 

greater numbers to cells obtained from infected patients than from non-infected controls~ 

Additionally, trypsin treated normal cells, with rePuced fib~onectin concentration, were 

adhered to by f. aeruginosa in greater numbers than bound before protease treatment. This 

correlates with results from cystic fibrosis (CF) patients where f. aeruginosa colonization 

is a life-threatening problem. CF patient mucous secreting cells excrete abnormally high 

amounts of proteases, have reduced cellular levels of fibronectin, and the in vitro adherence 

of f. aeruginosa is significantly greater than normals. Hence, the ability to prevent 

adherence and colonization may be an important function of cell-surface fibronectin. 

d. \Role of Fibronectin in Cell Transformation. The level of cell surface fibronectin 

is significantly reduced after transformation of most, but not all, cells (Ruoslahti et al., 

1981; V aheri and Mosher, 1978). This is especially true of virally transformed cells (Chen 



et al., 1978). Fibronectin synthesis is reduced three to six fold after viral transformation, 

and intracellular pools are reduced four to five fold. This decrease is apparently due to a 

five fold reduction offibronectin mRNA (Pearlstein et al., 1980). The reduction in cell 

surface fibronectin was initially correlated with an increase in cell surface proteases. 

However, it has now been shown that such cells may or may not have decreased surface 

fibronectfn levels (Ruoslahti et al., 1981). It is currently postulated that a reduction in cell 

surface gangliosides, the putative receptor for fibronectin (Perkins et al., 1982; Yamada et 

al., 1981), may reduce transformed cell fibtonectin binding (Pearlstein et al., 1980). 
) 
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Unnisa and Hunter (19~1) studied the physicochemical characteristics of fibronectin 

from normal and transformed cells of hamsters and rats. They found that fibronectin from , 

both cells had a similar primary structure and were phosphorylated only at serine residues 

but that transformed cell fibronectin was phosphorylated more than normal cell fibronectin. 

However, Teng et al. (1979) reported a reduction of phosphorylation in their transformed 

chicken embryo fibroblasts. This may reflect a species difference as Teng et al. (1979) 

reported phosphorylation at threonine as well as serine residues. 

e. Effect of Fibronectin on Tumor Cell Cytostasis/Cytolysis. In vitro, fibrot;tectin 

returns transformed cells to a nearly "normal" morphology (V aheJj and Mosher, 1978) · 

without affecting their transformed phenotype (Yamada, 1980)~ Purified cell surface 

fibronectin is more effective in restoring normal morphology than purified plasma 

fibronectin (Yamada, 1980), which may be due to its ability to increase cell adhesion to the 

substratum (Pearlstein et al., 1980). Young et al. (1981) reported that fibronectin could 

inhibit growth of Walker 256 carcinoma cells in culture demonstrated ininimal cytotoxicity. 

Mononuclear phagocytes are cytostatic and/or cytolytic depending upon their 

source, level of activation, target cell and target-to-cell ratio (Adams, 1983; Adams and 

Dean, 1982; Morahan et al., 1982). Beta-interferon (fibroblast) enhances resident 



peritoneal macrophage cytolytic activity and maintains monocyte cytolytic activity in vitro 

(Boraschi et al., 1982; Fischer et al., 1982). Fibronectin was also reported to increase 

human peripheral blood monocyte and U937 (an immature human macrophage cell line) 

cytolytic activity against Malme-3M, a melanoma cell line; and CAK-1, a renal carcinoma 

cell line (Perri et al., 1982). Fibronectin also increased Propionibacterium acnes activated, 

murine peritoneal macrophage mediated cytostasis of MCG-T14, a mammary 

adenocarcinoma cell line at a fibronectin concentration which alone did not affect cell 

growth or viability (Raynor and Reese, 1984). Martinet al. (1984) have extended this 

·work by measuring the effect of glycosaminoglycans on macrophage. mediated 

tumoristasis. They found that heparin synergized with fibronectin and macrophages to 

further inhibit MCG-T14 growth. 

C. THE IruMORAL IMMUNE RESPONSE TO AT-DEPENDENT ANnGEN 

9 

1. Ovetyiew. The humoral immune response to a T -dependent antigen is a 

complex of interactions between different cells and products of those cells. These 

interactions occur by cell-cell contact and by the action of soluble mediators. In this section 

I will describe these cells, their' soluble products, intera~tions, and the resultant responses. 

Three cell types are involved in a T -dependent antigen response: the mononuclear 

phagocyte, the T-cell and the B-cell (Claman et al., 1966; Raff, 1970; Unanue, 1984). 

Although most of the antigen phagocytized by macroph~ges is destroyed, a subset of the 

mononuclear phagocytes (the antigen presenting cells or APC's) "process" the antigen and 

express parts of it on their cell surface in conjunction with a Class IT Major 

Histocompatability Complex (MHC) encoded determinant (Unanue, 1984 ). The processed 

Ag:Ia complex is recognized by a pre-helper T -cell (TH) (reviewed in Singer and Hod~s, 

1983) which has membrane receptors for both Ia (anti-Ia) and the "carrier" portion of the 



processed antigen. Under the influence of this interaction, the pre-TH cell begins to divide 

and becomes a clone of Ag specific TH cells (Paul et al., 1970). Interleukin 1 (ILl), 

produced by the antigen stimulated macrophage (Oppenheim et al., 1982), induces T -cells . 

to produce lnterleukin 2 (IL2) which maintains the clonal proliferation of the antigen 

stimulated helper T -cells (Farrar et al., 1982). These Ag-carrier specific TH cells then 

interact (in the presence of antigen) with Ag-hapten specific B-cells, stimulating them to 

proliferate and differentiate into clones of immunoglobulin secreting cells (ISC) (plasma 

cells) (Singer and Hodes, 1983). The TH:B cell-cell interacti<?n is also restricted by the 

MHC; i.e., an Ia encoded determinant on the B-cell is recognized by the TH cell (StC. 

Sinclair, 1983). These TH cells may also activate an antigen specific suppressor T""cell 

pathway (T s), and/or the TH cells may revert to the "small lymphocyte" morphology as T-

memory cells. 

Suppressor T -cells can suppress primary and secondary humoral as well as cell

mediated immune responses (Webb et al., 1983). To provide a more uniform model of 

immunoregulation, Green et al. ( 1983) have proposed two levels of suppressor cell 

circuits, each component consisting of an, "inducer-Ts", "transducer-Ts", and "effector-

Ts" subpopulation of Ts. cells. Levell suppression consists of two opposing cellular 
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pathways (called suppression and contrasuppression respectively). The cellular 

constituents of the suppressive arm of the pathway act by suppressing the antigen-carrier 

·specific helper T -cell either by direct cell-cell interaction or via soluble factors. The cellular 

constituents of the contrasuppression pathway act via similar mechanisms to render that TH 

cell resistant to Ievell suppression. Level 2 suppression is effected by a cell that appears 

to interact with Ievell cellular components to amplify suppression by inhibiting the 

development of contrasuppression. The soluble factors produced by these suppressor cells 

are either antigen specific or antigen non-specific. 



'( 

The activated B-cell proliferates into a clone of Ag specific cells which evenp!ally 

differentiate into IgM producing plasma cells. This proliferation and differentiation can be 

maintained by several antigen non-specific. helper lymphokines. ILl from macrophages 

plus T -cell produced B-Cell Growth Factor (BCGF) may drive antigen induced 

proliferation of one subset of murine B-cells (reviewed in Howard and Paul, 1983). 

Terminal differentiation into ISC can be induced by T-cell Replacing Factor(s) (TRF's·

Farrar and Hilfiker, 1982; Farrar et al., 1982). Alternatively under the influence ofT

amplifier cells and before commitment to IgM synthesis, B-cells "switch" to produce Ig'X' 

(X = G, A or E) and eventually become either lg'X' plasma cells or memory B-cells 

(Dresser and Popham, 1979). Not all of the antibody produced after TH:B-c~ll interactions 

are antigen specific, however. This may reflect the activation of recently committed B

memory cells by Ag~non-specific TH factors (Glimcher and Cantor, 1982). 

2. Cells of the Immune Response. The mononuclear phagocyte, designed to clear 

the blood or lymph of antigenic material, is the key cellular element of the 

Reticuloendothelial System or RES as named by Aschoff in 1924. Mononuclear 

phagocytes are present in the bone marrow and in circulation as monocytes and in various 

tissues as macrophages; i.e., liver Kupffer cells (Rogoff and Lipsky, 1980), lung alveolar 

macrophages (Lipscomb et al., 1981; Lyons and Lipscomb, 1983), connective tissue 

histiocytes and dendritic cells (Spalding et al., 1983). The macrophage cell surface 

contains receptors for, among other things, fibronectin, complement fragment C3b and the 

Fe portion oflgG. The cell surface also express~s C1q and Ia (murine H-2) encoded 

antigens (Fearon and Wong, 1983; Unanue, 1984). 

In mammals the T -cell is derived from bone marrow precursors but matures within 

the thymus. Functional subsets ofT -cells have been identified in both the mouse and 

human with respect to specific cell surface antigens. In the mouse these subsets are 
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designated as follows: T-regulator Lyt-1 +, Lyt-2,3+; T-helper Lyt-1 +, Lyt-2,3-·and T- · 

suppressor/ cytotoxic (Ts/TcTL) Lyt-1-, Lyt-2,3+ (Cantor and Boyse, 1975a; 1975b). In 

man the rough equivalents to the murine system are: T-regulators T4+, T5+, T8+; T- ' 

helper/inducer T4+, T5+, T8-; T-suppressor T4-, Ts-, T8+ (Meuer et al., 1984). T,.cells 

demonstrate many Class I MHC encoded cell surface antigens but few Class IT. The 

·number of Class IT antigens increases upon activation, and T -cells. have cell surface 

receptors for Class IT determinants which are involved in their cooperation with 

mononuclear phagocytes and B-cells. The receptors for Class IT determinants on TH cells 

are now thought to be the T4 molecule (Meuer et al,_1984). TH also have Fe receptors for 

IgM whereas Ts have Fe receptors for !gO-antigen (Moretta et al~, 1977). The T -cell 

carrier specific antigen receptor of both humans and mice has recently been described as a 

disulfide bonded transmembrane heterodimer with a molecular weight of 75 - 95kD. lJpon 

reduction the human T -cell receptor yields disparate size monomers. The larger (alpha) 

chain has a molecular weight of 46 - 49kD while the smaller (beta) chain has a molecular 

weight of 38 - 44kD. In the mouse, the reduced monomers have approximately the same 

molecular weight of40 - 46kD. When these monomers are subjec~d to isoelectric 

focusing, they are resolved into an acidic (alpha) monomer and a neutral (beta) monomer. 

The same isoelectric focusing pattern is observed for the human monomers (Haskins et al~, 

1984; Howard, 1984; Meuer, 1984). 

The unstimulated· B-cell is derived from precursors in the bone marrow where it is 

thought to mature. Birds have a unique organ, the Bursa of Fabricius, where B-cell -

maturation occurs (Glick et al., 1956). The mature B-cell membrane contains monomeric 

surface IgM (slgM) and slgD, receptors for the Fe region oflgG, C3b(50-75% of murine 

B-cells), Class I and II MHC encoded molecules, and Lyb alloantigens which are specific 

for B-cells (Benacerraf and Unanue, 1979). Fifty perce~t of murine splenic B-cells are 

Lyb-5+; 50% are Lyb-5- (Kung and Paul, 1983). 
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The plasma cell is the tenninally differentiated descendent of an antigen stimulated 

B-cell (Melchers et al., 1980). It has dramatically reduced surface immunoglobulin and is 

devoted to the production and secretion of antibody. It rarely, if ever, divides and is 

believed to survive for only a few weeks. The cell membrane of murine plasma cells 

contains the alioantigen PCA-1. 

3. Cell-Cell Interactions. In a response to the T -dependent antigen 2,4,6-

trinitrophenyl-Keyhole Limpet Hemocyanin (TNP-KLH), the responding T-cells recognize 

the "carrier" portion of the processed antigen in conjunction with Ia determinants present on 

-the APC (Goodman and Sercarz, 1983). Not all of the cells responding to Ag-la will 

become T-helpers, however. It has been suggested (Goodman and Serc·arz, 1983) that the 

T-helper response is mediated by aT-augmenting cell, suppressor T-cells (Ts) by T-

suppressor inducers and cytolytic T -cells (TCTL) by specific helpers, each responding to a-

different portion of the antigen. The T -helper may then interact with a hapten specific, 

Lyb-5-, Ia identical B-cell in the presence of antigen to induce clonal proliferation. 

Proliferation of Lyb-5+ B-cells does not appear to be MHC restricted (Singer and HOdes, 

1983). The proliferating B-cells require T-cell replacing factor(s) to differentiate into 

immunoglobulin secreting cells (ISC) (Howard and Paul, 1983). 

4. Immunoregulatory Soluble Factors 

a. Antigen Specific Factors. The regulatory cells that are involved in the humoral 

immune response control that response by either direct cell-cell contact or via soluble 

mediators. These soluble mediators have been subdivided into antigen specific helper or 

suppressor factors, and antigen non-specific factors. "Antigen-specific T-cell factors are 
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mediator molecules which are produced by helper and suppressor T -cells and which can 

perform the function of those cells in ail antigen-specific manner" (Taussig, 1980). 

i. Help. Antigen specific helper T -cell factors have been less well characterized· 

than suppressor factors due.to the difficulty in establishing TH factor producing T-cell 

hybrids (Webb et al., 19~3). However, antigen specific·helper factors have been 

demonstrated in man, non-human primates and rodents (Feldmann and Kontiainen, 1981). 

These factors have been induced in vivo and in vitro, require syngeneic mononuclear 

phagocytes for action in vitro, and may induce production or'antigen non-specific 

monokines (Taussig, 1980). They induce antigen specific primary (IgM) or secondary 

(IgG) responses (Taussig, 1980), are Ia restricted, and bear allotype, Ia and idiotypic 

determinants. 

ii. Suppression. Antigen specific suppression is mediated by T suppressor cells 

(Ts). In Ievell suppression, interaction of the inducer-Ts and transducer-Ts cells is 

antigen specific and allotype restricted. The soluble factor which mediates this interaction 

consists of two polypeptide chains, one which contains the allotype encoded restriction 

plus 1-J and one which binds antigen (Green et al., 1983). 

The interaction between the transducer-Ts cell and the effector-Ts is not clearly 

defined. In the asobenzene arsonate (ABA) system, the second cell of the cascade secretes 

an 1-J+ anti-idiotype, 1-J and allotype restricted factor which induces the effector cell to 

proliferate (Benacerraf et al., 1982). This third Ts cell (Ts3) secretes Ts Factor 3 (TsF3) 

which suppresses the response to ABA. The data presented by Green et al. (1983) suggest 

this effector portion consists of two cells which interact to produce an anti-antigen effector 

molecule that suppresses an Lyt-1 helper cell. 
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A second part of Ievell suppression is the ·~contrasuppression" pathway that interferes 

with Ievell suppression (Green et al., 1983). Like Ievell suppression, it consists of at_ 

least a triad of cells beginning with an Lyt-2+, I-J+ "contrasuppression inducer" cell 

(TCSI). This TcSI cell secretes an antigen specific, I-J+ factor (TcsiF), and both factor 

and cell may interact with the transducer cell of this pathway (TesT). This interaction may 

be allotype restricted. The contrasuppression effector cells (TcsE) are Lyt-1 +, I-J+ cells 

and interact qirectly with Lyt-1 + helper cells rendering them resistant to Ievell 

suppression. These TcsE cells secrete an I-J+ factor whose function is as yet unkno~n. 

Evidence has accumulated for a second level of suppression (Leyel 2) that may 

interact with Ievell cellular components to amplify suppression (Green et al., 1983). This 

level contains its own triad of cells and is believed to inhibit the development of 

contrasuppression. Green et al. (1983) proposed that the interaction of these three 

regulatory networks control the immune response, and are dependent on the dosage of 

antigen presented. Low zone tolerance is due to the induction and dominance of Ievell 

suppression and high zone tolerance is due to level 2 suppress.ion. The "optimum" antigen 

dose induces Ievell contrasuppression. 

iii. Immunoglobulins. In 1974 Niels Jeme proposed the "network theory of the 

immune system" (Jeme, 1974). That model expounded the concept that each member of 

the immune network was interacting with other members of the network, rather then being 

independent components. Jeme introduced the term "epitope" to replace "antigenic 
t 

determinant" and "paratope" for "antibody combining site". Intrinsic to this model was the 
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observation that an idiotype is actually "a set of epitopes displayed by the variable regions 

of a set of antibody mol~ules." Each idiotypic epitope was defined as an "idiotope". The 

"network theory" stated that each paratope recognized a complementary idiotope on an 

antibody or cell membrane receptor, and this interaction regulated the level of expression of 



that particular idiotope (Jeme, 1974; Paul and Bona, 1982). Hence, the system was in a 

· state of dynamic equilibrium until perturbed by the introduction of a foreign antigen (Paul 

and Bona, 1982). 

One difficulty with this theory was what Jeme called, "The Oudin-Cazenave 

enigma". This was the observation that immunoglobulins with different specificities shared 

idiotypes. Later there appeared in the literature the observation of dominant "subsets" of 

idiotypes which led Paul and Bona (1982) to propose the existence of "regulatory 

idiotopes". The production of antibody mol~cules bearing these regulatory idiotopes was 

preferentially stimulated during the immune response by· the interacting network. 

Rajewsky and Takemori ( 1983) reviewed the genetics, expression and function of 

idiotypes to expand the "network theory" to include T -dependent antigens and T-B cell 

interactions. Their compiled data suggest that "idiotype and artti-idiotype are operational 

terms for functionally equivalent complementary binding sites, and any idiotype is equilly 

well an anti-idiotype and vice versa". Hence, the concentration of either idiotypic or anti-: 

idiotypic antibodies is critical to the type of response; low doses (nanogram) enhance, high 

doses (milligram) suppress. Their data also indicate that idiotypic interactions can control 

T -cell responses, B and T -cell ontogeny and specificity. Recently Sherr and Dorf ( 1984 

and 1985) have described an idiotype specific helper B-cell <BH) which possesses a T -cell 

specific membrane determinant and recognizes the idiotype present on the target B-cells in 

the absence of Class IT molecules. 
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Although the previously described idiotypic interactions are dependent upon the Fab 

portion of the antibody molecule, the Fe portion may also be an important regulatory 

moiety. Morettaet al. (1977) reported Fc-mu+ human T-cells provided help to B-cells in 

response to pokeweed mitogen (PWM). Autologous Fe-gamma+ T -cells pre-treated with 

IgG immune complexes suppressed the response. Both T -cell sub-populations proliferated 

in response to PWM. Additionally, B-cells may be suppressed by direct interaction of their 



Fc-gamrna receptor with IgG immune complexes. This may be either a direct interaction or 

mediated by a soluble product of 

T-gamma+ cells, the 'immunoglobulin-binding factor' (StC. Sinclair, 1983- see below). 

b. Antigen Non-specific Factors 

i. Interleukins. The interleukins are antigen !?-On-specific regulatory factors 

produced by cells involved in the immune response. The first factor described was a 

monocyte/macrophage product named Lymphocyte Activating Factor (LAF) which is 

functionally defined as enhancing the in vitro proliferation of thymocytes or non-adherent 
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. splenocytes to mitogens (Gery et al., 1972). LAF is now referred to as Interleukin 1 (ILl, 

Mizel and Farrar, 1979). The source of ILl has been identified_ as murine macrophages; 

human monocytes and macrophages (Oppenheim et al., 1982); and the murine 

macrophage-like cell lines P388Dl, J774, PU5-1.8 and WEill 3 (Mizel, 1982). ILl 

release is stimulated by factors which perturb the macrophage membrane including LPS, 

Colony Stimulating Factor(s) (CSF) and direct cell-cell interaction with activated T-cells 

(Oppenheim et al., 1980; Oppenheim and Gery, 1982). 

ILl, in concert with a second signal (mitogen or antigen), induces the release ofiL2 

from T -cells which is believed to be a "maturation" signal for TH cells (Mizel, 1982). The 

direct effect of ILl on B-cells is less clear. ILl will stimulate antibody responses in vitro 

and promote slg expression (Oppenheim and Gery, 1982). Howard and Paul (1983) have 

proposed that in the presence of antigen, ILl drives stimulated Lyb-5+ B-cells through G 1 

into S phase, a mechanism requiring T -cell produced B Cell Growth Factor (BCGF). 

Falkoff et al. (1983) reported that ILl's effects were dependent upon suboptimal antigenic. 

dosage, hence "the strength of the initial activation signal determines the relative 



requirement of purified populations of B-cells for growth factors in their subsequent initial 

proliferative response." (Falkoff et al., 1983). 

Interleukin ~ (IL2) is produced by Thy 1.2, Lyt-1 +,23- T-cells in response to ILl 

orphorbol myristate acetate (PMA) (Farrar et al., 1982; Miller and Stutman, 1982). It 

. induces antigen-specific, -helper T -cell proliferation and the release of soluble T -cell 

lymphokines; e.g., B-ee~ growth factor (BCGF), Colony Stimulating Factor (CSF) and T

cell Replacing Factor(s) (TRF) (Farrar et al., 1982). IL2 also mediates the cell-mediated 

immune response by stimulating the release of gamma-interferon (IFN), which augments -

Natural Killer (NK) activity (Kawase et al., 1983; Lattime et al., 1983), the generation and 

proliferation of cytotoxic T -cells (Farrar et al., 1982), and the induction of Ia expression on 

non-lymphoid cells (Houghton et al., 1984). These data suggest that IL2 maintains the 

proliferation of antigen-induced helper T -cells in either a humoral or cell-mediated immune 

response. 

Interleukin 3 (IL3) was described by Ihle et al. (1981) as a product of Con-A 

stimulated murine splenocytes that had the unique ability to stiinulate the production of 

20alpha-hydroxysteroid dehydrogenase (20alphaSDH) by murine nu/nu splenocytes. 

Since 20alppa-hydroxySDH is a marker of mature T -cells, IL3 affects a T -cell 

subpopulation early in differentiation (Ihle et al., l982a). The phenotype of the cell 

producing IL3 in response to mitogens or antigens is Thyl +, Lytl + ,23-;i.e., the helper T

cell (Ihle.et al., 1982b). The responding cells are Ia-, sig-, ThyL2~, Lytl-,23- and 

hydrocortisone sensitive before IL3 stimulation (lhle et al., 1982a). These cells become 

hydrocortisone resistant after IL3 treatment but do not change known cell surface markers 

(Ihle et al., 1982b ). 
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Other less well characterized Interleukins include: 1) T-cell Replacing Factor (TRF), 

derived from helper T -cells, which acts upon proliferating B-cells as a terminal 

differentiation ~ignal to become immunogiqbulin secreting cells (Farrar and Hilfiker, 



1982). '2) B-cell Growth-Factor (BCGF) derived from T -cell lines (reviewed in Howard 

and Paul, 1983). In the presence of antigen, BCGF acts as a "co-stimulator" of 

proliferating Lyb-5+ B-cells but does not affect "resting" B-cells. 3) B-cell Diff~rentiation · 

. Factor (BCDF), also derived from a T -cell line which induces a heavy chain class switch · 

from IgM to IgG1 (murine) by LPS stimulated B-cells (Isakson, 1982). -4) 

Immunoglobulin Binding Factor (IBF), synthesized by Fe-gamma receptor+ suppressor T

cells in response to immune complexes. IBF binds to the Fe portion of immunoglobulin 

and to the B-cell membrane inhibiting their function (StC. Sinclair, 1983). 5) Soluble 

Immune Response Suppressor (SIRS), derived from Con-A stimulated suppressor T -cells, 

suppresses in vitro PFC responses when added within 24 - 48 hours of culture initiation 

(Rich and Pierce, 1974). SIRS and hydrogen peroxide treated SIRS (SIRS0 x) were 

shown to suppress the in vivo anti-SRBC response and SIRS0 x would. suppress the in 

vitro PFC response, when added at any time during culture (Schnaper et at, 1983). 

Additionally, macrophages were shown to convert SIRS to SIRS0 x and IL2 abrogated 

SIRS0 x mediated suppression in vitro (Aune -and Pierce, 1983). 

ii. Interferon. Interferon (IFN) is a .multifunctional non-specific mediator of 

immune function. It augments NK cell activity and ADCC against virally infected or 

transformed cells ~erbermann et al., 1980; Minato et al, 1980). However, virally 

induced IFN (fibroblast produced Type I) was shown to suppress the primary and· 

secondary in vitro antibody response to the T -dependent antigen, SRBC (Gisler et al., 

1974; Johnson and Baron, 1976). Johnson and Baron (1976) demonstrated that Type II 

interferon (lymphocyte produced) also suppressed the anti-SRBC response. Gisler et al. . 

(1974) reported that Type I mterferon enhanced the antl-SRBC response of low-responder 
. ' . 

mice, but suppressed the response of high-responder mice. Subsequently three types of · 

interferons have been identified based upon their cellular source and mode of induction. 
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These are "alpha" or "leukocyte" interferon, "beta" or "fibroblast" interferon and "gamma" 

or "immune" interferon. The initial Type I classification is roughly equivalent to alpha and 

beta interferon as both are induced by viral infection. Gamma interferon is induced by 

mitogen or antigen stimulation ofT and Null cells (Ratliff et al., 1982) and is roughly . 

equivalent to the Type II classification (Hooks et al., 1980). Immune interferon induces 
( 

suppressor cells to release a factor which.inhibits in vitro antibody responses (Baronet al., 

1980), and all three types of interferon suppress lymphocyte proliferation_ to PHA or 

alloantigens in the MLR (Perussia et al., 1980). Immune interferon also functions as one 

of the Macrophage Activating Factors (MAF) produced by Con-A stimulated normal 

murine splenic cells and binds to specific receptors on the macrophage_(Celada et al., 1984; 

Nathan et al., 1984). 

Recombinant immune IFN has become available for study. It has been shown to 

increase the cell membrane expression of both Ia and H-2 antigens on WEID-3· [a murine 

macrophage-like cell line (King and Jones, ·1983)], B-lymphoid cell lines and myeloid cell 

lines (Wong et al., 1983). It also induces expression ofHLA ... DR and beta2-microglobulin 

on a human melanoma and peripheral blood monocytes (Basham and Merigan, 1983) and 
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induces Ia expression on non-lymphoid cells (Houghton et al., 1984). Il;nmune interferon 

can also induce the non-MHC restricted maturation of resting B-cells to ISC without 

replication (reviewed in _Melchers and Andersson, 1984 ). Recently Cofano et al. reported 

that muririe immune interferon, either produced by recombinant DNA technology or 

partially purified from a T -cell lymphoma, enhanced fibronectin production by induced, but 

not resting, macrophages (1984). These data suggest an important immunomodulatory role 

for IFN. 

iii. Products .of Arachadonic Acid Metabolism. The effect(s) of arachadonic acid 

metabolic products upon the immune response are the subject of current intense study. The 



major branch point of the metabolic pathway yields, by the action of cycloxygenase, 

prostaglandins (PO) and thromboxanes (Tx); and, by lipoxygenase, the leukotrienes (L T) 

(Davies et aL, 1980; Hammarstrom, 1983; Samuelsson, 1983). Macrophages and 

monocytes produce PO's, LT's and Tx's while polymorphonuclear leukocyte& produce 

LT's (Davies et al., 1980 and 1983; Feuerstein et al., 1981a and 1981b; Hammarstrom, 

1983). 
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The leukotrienes were originally described as constituents of the slow reacting 

substance of anaphylaxis or SRS-A (Samuelsson, 1983). Re~ent data suggest that LT's 

may suppress both cell mediated and humoral immune responses. Payan and Goetzl 

(1983) have shown that LTB-4 will inhibit production of Leukocyte Inhibition Factor (LIF) 

by PHA stimulated T -cells. LTC-4, D-4 and E-4 were not inhibitory in this system which 

is in contrast to a study.with murine splenocytes where LTD-4 and E-4, at picomolar 

concentrations, were inhibitory (Webb et al., 1982). These authors also showed that these 

leukotrienes would inhibit a primary anti-SRBC response at micromolar concentrations in 

vitro. Rola-Pleszczynski et al. (1982) reported that femtomolar conc~ntrations ofLTB-4 

induced human suppressor T -cell activity against mitogen stimulated T -cells~ This 

suppressive action may be due either to a direct effect on T -cells or via the induction of PO 

release by mononuclearphagocytes (Feuerstein et al., 1981a; 1981b). Hence, the products 

of the lipoxygenase pathway may be involved in the suppressor cell circUit(s) (Bailey et al., 

1982). ' 

Prostaglandins of the E series have been shown to suppress mitogen, antibody, 

cytotoxic T -cell, mixed lymphocyte and ADCC responses, as well as the production of 

lymphokines in-vitro at submicromolar concentrations (Davies et al., 1980; Goodwin and 

Webb, 1980; Metzger et al., 1980). Suppression of mitogenic_ responses by macrophage 

released or exogenously added POE appears to be mediated by a soluble suppressor factor 

released by murine splenic Ts cells (Goodwin and Webb, 1980; Rogers et al., 1980). This 



factor, "PITSbeta", exerted its effect during the first two to four hours of culture (Staite and 

Panayi, 1984). Stobo et al. (1979) dissected POE mediated suppression by separating 

murine splenic T -cells on density gradients. They demonstrated an enhanced response by 

low density T -cells to PHA, whereas high density T -cells were suppressed. Webb et al. 

(1979) reported that in vivo administration of PO synthesis inhibitors will enhance in vivo 

primary respons~s to TD and TI antigens as well as in vitro responses to 

polyvinylpyrrolidone (PVP) and DNP-Ficoll (Staite and Panayi, 1984). Snyder et al. 

(1982) have shown that POE will inhibit the induction of macrophage Ia expression by 

lymphocyte conditioned media. Conversely, injection of indomethacin increased the basal 

number of Ia+ macrophages. In vitro TxB2 and several products of the lipoxygenase 

pathway blocked the effect of POE. These data suggest that cycloxygenase products are 

modulators of the immurie response rather then blanket suppressors (Stobo et al., 1979). 
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MATERIALS AND METHODS 

A. Animals. Sprague-Dawley rats of both sexes and weighing approximately 180 - 250 · 

grams were obtained from Harlan Industries and used as the experimental animals in these 

studies. Retired breeders were obtained from the Holtzman Company and were the source 

of plasma for fibronectin purification. 

B. Fibronectin purification. Fibronectin (FN) was purified by gelatin affinity column 

chromatography using a modification (Doran et al., 1980) of the method ofRuoslahti and 

Engvall (1978). Citrated plasma was incubated in batch·with gelatin Sepharose 4B 

(coupled by the cyanogen bromide reaction as described by Porath et al. (1973)) for two 

hours at room temperature. The resultant slurry was poured into a column and extensively 

washed with 0.067 M. sodium phosphate buffer containing 0.15 M sodium chloride (Dr. 

David Lause, personal communication) and then with 0.05 M Tris 

(tris(hydroxymethyl)amino-methane)) buffer (pH 7.5) containing 1M urea (both chemicals 

were purchased from Fisher). In later experiments, the slurry was washed in batch with 

LPBS and Tris-1 M urea, then poured into a column. The retained fibronectin was eluted 

from the column with 0.05 M Tris (pH 7.5) containing 4 M urea. The resultant Abs280nm 

peak was pooled and dialyzed overnight against PBS (pH 7.4). The pooled sample was 

then concentrated against PBS (pH 7 .4) by negative pressure dialysis to a concentratio~ of 

approximately 1.0 mg FN/ml. The concentration of fibronectin was determined by 
} 

measuring the concentrated sample's absorbance at 280 nanometers in a Beckman Model 

.. -25 dual beam.spectrophotometer ·and using an extinction coefficient of 12.8 for a 1% 

solution measured in a 1 em pathlength (Ruoslahti et al., 1982). 

23 

r 



Random batches of FN were chromatog~aphed on Altex TSK molecular sieve HPLC 

columns. The resulting FN chromatogram (Figure 1) demonstrated a major peak at 

440,000 Daltons indicating the intact heterodimer. 
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Figure 1. The Altex TSK molecular sieve HPLC elution profile of affmity purified rat 

fibronectin. Gelatin affinity purified fibronectin (20 Jlg/0.02 ml) was chromatographed 

on an Altex TSK 3000 SW molecular sieve column (7 .5 riun x 600 mm) coupled in series 
. . 

with an Altex TSK 4000 SW column (7.5 mm x 300 mm). The mobile phase was 

0.05·M sodium phosphate- 0.05 M NaCl (pH 6.8) with an isocratic flow rate of 

1.0 ml/min. The instrumentation consisted of a Beckman 110A dual pump gradient 

system with a 421 controller, model160 detector and a Hewlett Packard 3390A recording 

integrator. The system was calibrated with a standard mixture of thyroglobulin 

(670,000 MW), gamma globulin (178,000 MW), ovalbumin (44,000 MW), myoglobin 

(17,000 MW) and cyanocobalamin (1,250 MW). Absorbance was monitored at 280 nm. 

Courtesy Mr. Ron Perry, Medical College of Georgia. 
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Prior to each experiment pUrified fibronectin was passed through a commercial G-

25 column (PD-1 0, Phannacia) to exchange the PBS with serum free RPMI 1640 (Serum 

Free Mediutn-SFM, described below). The "protein control" consisted of SFM to which . 

had been added Rat Serum Albumin (RSA-Cohn fraction V, Sigma) in an amount 

equivalent to the fibronectin concentration. Both solutions were filter sterilized through a. 

0.22 micrometer filter (Gelman) before use. Aliquots of purified fibronectin were 

subjected to SDS-PAGE on 5% polyacrylamide tube gels under reducing or non-reducing 

conditions. 
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C. Production of TNP-KLH. TNP-KLH (2,4,6-trinitrophenylated keyhole limpet 

hemocyanin) and alum-precipitated TNP-KLH were produced as described in Bradley and 

Shiigi (1980) and Good et al. ( 1980). One hundred to two hundred milligrams of KLH. 

(Calbiochem #374805) were dissolved in 4- 8 m1 of Borate Buffered Saline (BBS, pH 

8.0) overnight at room temperature with slow stirring. ~his solution was centrifuged at 

13,000 i g for 20 min in an IEC B-20A fixed angle centrifuge to claruy the solution~ 

The supernatant was collected, and the concentration of KLH was determined by 

m~asuring the absorbance of a 1:50 dilution at 280 nanometers and using an extinction 

coefficient of 20.2 for a 1% solution measured in a 1 em pathlength. BBS was useq t~ 

zero the instrument. 

The amount of TNBS (2,4,6-trinitrobenzene sulfonic acid, ICN) per mg KLH ·to 

obt~ the optimal molar ratio of 10 tq 12 moles TNP per 100,000 gm KLH as originally 

described by Rittenburg and Amkraut (1966), was experimentally determined for each Lot 

of KLH. Generally 70 - 80 J!g TNBS/mg KLH yielded the appropriate ratio. Ten 

milligrams of TNBS were dissolved in 1 m1 of BBS, and the calculated volume was added 

dropwise in. the ·dark to the slowly stirring solution of KLH. The mixture was allowed to 

stir for two hours and then immediately passed over a column of AG1-X8 (Dowex, 5 m1 
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re.sin/100 m~ KLH) equilibrated with BBS to terminate the re~ction and remove unreacted 

TNBS. Two milliliter fractions were collected and: the protein containing fractions were 

pooled and dialyzed against 1liter ofDulbecco's PBS (DP13S, pH7.2) at 4°C in the dark in 

dialysis tubing specially prepared for tissu~ culture (Mishell and Shiigi, 1980)~ The DPBS ' 

was changed a total of 7 times over a period of two days. r 

The dialyzed TNP-KLH was clarified by centrifugation at 15,000 x g for 20 min 

in the IEC B-20A fixed angle centrifuge. The molar ratio of TNP per KLH was determined 

spectrophotometrically by measuring the absorbance of a 1:50 dilution at 280 and 340 

nanometers respectively, using DPBS to zero _the instrument. The absorbances were , 

inserted in the follow-ing formula's: 

[KLH] = (ABS280 X DILUTION) - ((0.337)(ABS340 X DILUTION)) , 

1.85 X 105 

[TNP] = (ABS340 X DILUTION) - U0.257)(ABS280 X DILUTION)) . 

1.14 X 1Q4 

Moles TNP: 100,000 gm KLH = [TNPJ . 
[KLH] 

Unless indicated otherwise, all preparations were sterilized before use. 

D. Preparati<?n of Alum Precipitated TNP-KLH .. ·To slowly stirring TNP-KLH under a 

sterile transfer hood was added drop wise a sterile 0. 9% ·solution of alum 

(AlK(S04)2.12H20, Fisher) in sufficient volume to obtain a ratio of 18 mg alum/mg 

TNP-KLH'·(Bradley and Shiigi, 1980). The pH of the combined alum and TNP-KLH was 

adjusted to 6.5 with0.1 m1 aliquots of fresh, sterile 1 N NaOH (Fisher).· The mixture 

·was stirred for 30 min and then centrifuged in.a swinging bucket rotor at 1000 x g·for 



10 min at 4 o C. The supernatant was removed by aspiration and the precipitate was washed 

three times with 50 m1 of ice cold, sterile DPBS (pH 7 .2) at 4 oC~ The final pellet was 

suspended in a sufficient volume of DPBS to achieve a concentration of 2 mg TNP

KLH/ml DPBS. The suspension was stored wrapped in aluminum foil at 4 °C. 
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E. Antisera. Rat IgG was purchased from Sigma.· Rabbit anti-rat immunoglobulins 

(broad spectrum) were obtained from Aycurate Chemicals (#Z-147). The concentration of 

these immunoglobulins was determined using the Biorad protein assay and Standard I 

(bovine g~ globulin). 

Rabbit anti-TNP-KLH antiserum was prepared from hyper-immunized rabbits as 

described in Herscowitz artd Stavitsky (1970). Affinity purified anti-TNP-KLH was 

prepared by batch incubating the rabbit antiserum with TNP-KLH linked Sepharose 4B 

(coupled by the cyanogen bromide reaction as described by Porath et al. (1973)) for 8 ~at 

room temperature in a foil wrapped container. The slurry was poured into a foil 'Wrapped 
\ 

column and washed with DPBS (pH 7.4) until the Abs280nm returned to approximately 
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baseline. The retained protein was eluted with 0.1 M Glycine-HCl .. buffer (pH 2.3, 

Fisher), and the peak fractions (2 ml/fraction, 16ml) were pooled and dialyzed.against 

three 1liter changes ofBBS (pH 8.4) at 4°C. After dialysis the anti-TNP-KLH was 

concentrated 3-fold by negative pressure dialysis. against BBS (pH 8.4), filter sterilized and 

stored at -20°C. 

F. In Vivo Priming With Alum Precipitated TNP-KLH. Rats were injected 

subcutaneously in the region of the superficial cervical and brachial lymph nodes, and in 

the hind footpads, with no more than 0.1 · m1 of alum pre~ipitated TNP-KLH per injection 

(2 mg/ml). ·Draining lymph nodes were aseptically collected 7 days post-innoculation. 

G. Cell Preparation and General Culture Conditions 

1. Lymphocyte Isolation and Culture. Lymp~ node leukocytes were isolated by. a 

modification (Dr. David Lause, personal communication) of the procedure of Herscowitz 

and Stavitsky ( 1970). In vivo primed nodes were pass.ed through an 80 mesh wire screen 



c into approximately 10 m1 of ice cold Hanks' Balanced Salt Solution (HBSS, pH 7.2, 

GIBCO). The resultant cell suspension was pipetted five times to disrupt cell clumps and 

then passed through a 125 mesh wire screen (Belco) into ice cold HBSS. These cells were 

diluted to 50 m1 with ice cold HBSS in a 50 m1 conical centrifuge tube (Corning) and 

centrifuged at 200 x g for ten minutes in an IEC CRU-5000 swinging bucket centrifuge at 

4 °C. The supernatant was removed by aspiration, the centrifuge tube was gently rapped to 

dislodge the pellet, and the cells were suspended by pi petting 10 m1 of ice cold HBSS into 

the tube and pipetting the suspension five times. The cells were diluted to 50 m1 with ice 

cold HBSS and centrifuged as before. The contaminating red blood cells (RBC) were· 

removed by incubating the cells in 10 m1 of Tris-ammonium chloride buffer for ten minutes 

in a 37°C water bath (Schwartz, 1971), diluted to 50 m1 with room temperature HBSS, and 

centrifuged as before. These cells were washed once with HBSS, once with Complete 

Medium (CM-described below), and then suspended in CM and stained for viability by 

Eosin Y exclusion (Mishell et al., l980a) and counted on a Neibauer hemocytometer. 

2. T Cell Enrichment. Enrichment for lymph node T cells was accomplished by a 

modification of the method as described by Julius et al. (1973). One package of sterile 

nylon wool in LP-1 Leuko-Pak Leukocyte Filters (Fenwall) was washed overnight at 37°C 

in 41iters of freshly boiled deionized, distilled water containing 0.2% sodium bicarbonate 

(Fisher) and 0.2% EDTA (Sigma). The nylon w<;>ol was then subjected to six cycles of 

autoclaving and cooling to room temperature in 4 liters of deionized, distilled water. The 

distilled water was changed with each cycle. After the final wash the nylon wool was 

spread onto an aluminum foil covered oven tray, dried for three days in a 37°C oven and 

stored at room temperature. 

The treated nylon wool was teased apart and brushed with fur brushes to remove 

tangles and knots (Dr. Shyuan Hsia, personal communication). Two point four grams of 
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the nylon wool was packed to the 24 m1 mark in a 35 m1 Luer lock tip.syringe (Becton

Dickinson), sealed and autoclaved. This column was fastened to a ring stand under a 

sterile transfer hood, a sterile stopcock was affixed with an 18-gauge needle attached, and 

the column was washed with 300 m1 of 37oC CM after removal of bubbles with a sterile 

pipette. The column was then incubated at 37oC for one hour in a humidified incubator 

under 5% C02 and then washed with 60 m1 of 37oC CM. The needle was changed to 21-

gauge, and the column was run dry. 

To the above column were loaded no more than 400 x 1 o6 lymph node cells in 6 

to 8 milliliters of CM at a flow rate of approximately one drop per second. After the cell 

suspension was completely loaded onto the column, 2 m1 of 37oC CM was layered above 

the nylon wool and the column was incubated for 45 min as described previously. The 

non-adherent cells were-collected by washing the column with 80 m1 of 37°C CM at a flow 

rate of approximately one drop per second. These cells were washed twice with CM by 

centrifugation as described previously and then suspended in CM. The cells were stained 

for viability by Eosin Y exclusion (Mishell et al., 1980b) and counted on a Neibauer . 

hemocytometer. Macrophage contamination was generally less than 0.3% as assessed by 

enumerating the non-specific esterase positive cells by the method of Koski et al. (1976). 

3. Macrophage Induction and Isolation. Peritoneal exudate cells (PEC) were 

obtained from rats injected 3 days previously with 10 m1 of sterile 10% Bacto Fluid 

Thioglycollate Medium (Difco ). The PEC were aseptically washed from the peritoneal 

cavity into a conical 50 m1 centrifuge tube (Corning) with 25 m1 of ice cold HBSS (pH 

7.2) containing 0.76% sodium citrate (Cit-HBSS, Mallinckrodt Chemical Works), 

vortexed vigorously, and diluted to 50 m1 with ice cold Cit-HBSS. The PEC were 

centrifuged for ten minutes at 200 x g at 4 oc and the supernatant was removed by 

aspiration. The centrifuge tube was gently rapped to dislodge the pellet, and the cells were 
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suspended by pipetting 10 ml of ice cold Cit-HBSS into the tube. The resultant cell 

suspension was pipetted five times and then passed through a 100 mesh wire screen . 

(Belco) into ice cold Cit-HBSS to remove any remaining cell clumps .• The cells were 

diluted to 50 m1 with ice cold·Cit""HBSS and centrifuged as before. The contaminating 

RBC were removed by incubating the PEC in 10·ml of 37°C Tris-ammonium chloride 

· buffer for .ten minutes in a 37°C water bath (Schwartz, 1971 ). These cells were diluted to 

50 m1 with room temper3:ture Cit-HBSS and centrifuged as before. The pellet was washed 

twice with HBSS and' suspended in CM·for counting and viability staining as described 

previously. Adherence purified PEC were obtained by .plating 90 - 130 x 106 viable cells 

in 10 inl CM onto 100 mm x 15 mm Fisher Bacteriologi~al petri dishes (Fleit et al.~ 

1984). The petri dishes were incubated for 2 hr at 37oC under5% C02 then extensively 
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washed with CM. Thtee milliliters of CM were added to each dish which was then scraped · 
. . . 

with a cell scraper (Costar). The harvested adherent PEC were irradiated (2000 rad) with a 

Picker X-ray source (Cleveland, Ohio) and stained for both viability and non-specific 

esterase activity as previously described. 

Splenic leukocytes were obtained by mincing rat spleens in ice cold HBSS while 

suspended on a wire screen above 5 m1 of ice cold HBSS and processing th~ resultant cell 

suspension as described previously for lymph node cell· suspensions except 100 mesh 

screens (Belco) were used to remove cell clumps. Plastic adherent splenic leukocytes 

(SAC) were obtained by the same method used to collect adherent PEC. The harvested 

SAC were stained for viability and non-specific esterase as previously described after X-

irradiation. 

4. In Vitro Culture System. The in vitro culture system used was a modification of 

the Mishell Dutton technique (Mishell and Dutton, 1967), using flat bottom 96 well 



microtiter plates (Costar) instead of culture dishes. The complete culture medium (CM) 

was RPMI 1640 with L-glutamine (GffiCO) supplemented with 10% heat inactivated fetal 

calf serum (FCS), 0.25 Jlg fungizone/ml (Flow Laboratories), 100 U penicillin/ml, 100 Jlg 

streptomycin/ml (GffiCO), buffered to pH 7.2 with 11.2 mM HEPES (N-2-

hydroxyethylpiperazine-N'-2-ethane sulfonate, Sigma) and 25 mM of tissue culture grade 

sodium bicarbonate (Sigma}. In most experiments, 0.2 m1 cultures containing 5 x 105 

viable lymphocytes were used. Cultures were.i11:cubated in an humidified, 5% C02 - 95% 

air environment at 3 7°C. The cultures were initiated by the addition of medium containing 

TNP-KLH, non-specific esterase positive cells, fibronectin or rat serum albumin as 

indicated. 
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Experiments designed to deterinine antibody synthesis were conducted in 24 well 

culture plates (Flow) containing 3 or 5 X 106 viable lymphocytes per well in CM 

containing 10% heat inactivated, gamma globulin free FCS purchased from GffiCO 

(Rosenberg et.al., 1982). The plate was placed in a sealed container pre~equilibrated with a 

5% C02 - 95% air environment and gently rocked at 3 - 4 cycles/minute in a 37oC oven. 

(Bick and Shreffler, 1979). On day 2 the entire culture medium was replaced with 1 m1 of 

CM. This was accomplished by gently aspirating the culture medium from the wells 

without disrupting a cluster of cells (created by the rocking) in the center of the well. The 

cultures were fed with d.1 m1 of CM containing 20% FCS on days 1, 3 and 4. On day 5 

the cultures were collected in 12 x 75mm plastic culture tubes (Falcon 2054) and 

centrifuged at 1000 x g for ten minutes in an IEC CRU-5000 swinging bucket centrifuge at 

4 °C. Each culture supernatant was collected and stored at -20°C until assayed. 
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H. Assay·s 

1. Measurement of Lymphoproliferation. Lymphoproliferation was measured by 

the incorporation of [3H]-Thymidine. Briefly, cultures were supplemented ·with 0.5 J.LCi 

of 6. 7 mCi/mmole [3:H]-TdR (Arilersham) in a vol~nie of 20 ~1 of CM 8 hr before harvest. 
. . . 

The cells were harvested onto glass microfiber filters (\Vhatman 934-AH) with a MASH II 

semi-automated cell harvestor and dried overnight at 37°C. The retained radioactivity was 

determined by placing the microfiber filters into Biogamma vials (Beckman) containing 

2 m1 of Ready-Solv EP (Beckman) and counting them in a Beckman LS-7500 liquid 

scintillation counter. Samples were routinely counted for ten minutes. 

2. Measurement of Antibody Synthesis. Total and TNP-KLH specific antibody 

synthesis was deterinined by ~ immunoradiometric assay (IRMA) modified from Grenett. · 

and Garver (1980). Briefly, 100 Jll of the material to be cross-linked (10 Jlg/ml) plus 

50 Jll of carbodiimide (1 mg/ml- Sigma) both in 0.1 M carbonate buffer (pH 9.6- Fisher) 

were incubated overnight at 4oC in flat bottom microtiter vinyl assay strips (Costar). The 

following day the well.s were warmed to room temperature and washed three times with· 

PBS (pH 7.4) containing 200 Jlg gelatin/ml (ICN). Then, 200 Jll of0.1 M carbonate 

buffer (pH 9.6) containing 200 Jlg gelatin/ml were added, and the microtiter wells were 

then incubated for 2 hr at room temperature. The wells were washed with PBS (pH 7.4) 

containing 1% Tween-20 (PBS-T, Sigma). One hundred microliters of sample containing 

the unknown protein were aliquoted into appropriate wells and incubated overnight at 4 °C. 

The following day the microtiter wells were warmed to room temperature and washed three 

·times with PBS~T. This was followed immediately by the addition of 100 J.il (5 x ·1oS . 

cpm/ml) of 1251 labeled rabbit anti-rat immunoglobulins, in PBS-T containing 1% BSA 

(pH 7 .4, Sigma), to wells containing unknown protein. Th~- microtiter wells were sealed 



(Costar serocluster plate sealers) and incubated at 37oC for 2 hr and washed three times 

with PBS-T. Then each individual vinyl well was cut-off and placed into a Biogamma. vial 

for determination of retained radioactivity in a Beckman model 5500 gamma counter. 

Where applicable a statidard curve for the unknown protein was produced during each 

assay. Antibodies were labeled with 1251 using Iodogen (Pierce Biochemical Co., 

Rockford, IL) according to the method of Markwell and Fox (1978) as modified by Doran 

and Spar (1980). 
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3. Measurement of Lymphocyte Binding to Macrophage Monolayers. Unseparated 

or T enriched populations of in vivo primed lymph node cells were radiolabeled with 

(Na2)51cr04 as described by Grabstein (1980) and Sanderson (1964). One hundred 

million cells in 10 m1 CM were incubated with 1 mCi of (Na2)51Cr04 (New England 

Nuclear, 200- 900 J.LCi/J.Lg chromium in sterile normal saline, pH 8) at 37°C under 5% 

C02 in a conical 50 m1 centrifuge tube (Coming) for 3 hr. The centrifuge tube was 

swirled by hand every 20 min to maintain suspension of the cells. At the completion of the 

incubation, the cells were centrifuged at 200 x g for 10 min at 37°C, the supernatant 

decanted, and the centrifuge tube gently rapped to dislodge the pellet. The cells were 

suspended by pipetting 10 m1 ofHBSS into the tube and gently pipetting the suspension 

five times. The suspension was diluted to 50 m1 of HBSS and centrifuged as before. To 

reduce non-specific background radioactivity, the cells were suspended in 50 m1 HBSS 

and incubated as before for 30 min. The centrifuge tube was swided by hand after 15 ·min 

of incubation. The cells were centrifuged again, washed once with CM containing 20% 

FCS (20%-CM), and the cell concentration was adjusted to approximately 10 x 1 o6 

cells/ml with 20%-CM for use. 
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4. Measurement of Fibronectin - TNP-KLH Interactions. The interactions of FN 

and TNP-KLH were measured by a modification of the IRMA previously described. In the 

frrst series of experiments, TNP-KLH and RSA were linked to the bottom of the microtiter 

vinyl assay strips and then [125I]-FN was added to measure FN binding to TNP-KLH. In 

the second series FN and RSA were linked to the bottom of the microtiter viny 1 assay strips 

and then [1251]-TNP-KLHwas added to measure TNP-KLHbinding to FN. 

I~ Statistical Analysis of Data. Data were analyzed by Analysis of Variance, Student

Newman-Kuels test and Student's t test as described in ~ar ( 197 4 ). The confidence level 

was set at 95%. 



RESULTS. 

A. Initial Optimization of In Vitro Culture Conditions to Determine Antigen Specific 

Lymphoproliferation. 

The optimal TNP-: KLH concentration and cell number used in the in vitro 

experiments was determined as shown in Figure 2. In this representative experiment, the 

number of .in vivo primed lymphocytes was varied from 300,000 to 900,000 per culture, 

and the antigen concentration was varied from 0 to 400 J..Lg TNP-KLH/ml. When [3H]

Thymidine ([3H]-TdR) incorporation into DNA was measUred on day 3 of culture, 

responsiveness was demonstrated as a broad plateau beginning at 25 J..Lg TNP-KLH/ml 

(5 J..Lg/culture) for cell concentrations above 500,000 primed lymphocytes per culture. 

Therefore,. these were used as the optimal conditions for the remaining experiments. 

Next, the optimal day to measure lymphocyte proliferation was determined. In vivo 

primed lymph node cells (500,000) were cultured in the prese~ce of increasing 

concentrations· of TNP-KLH. On days 3, 4 and 5 of culture the cells were labeled with 

0.5 J..LCi of [3H]-TdR and harvested 8 hours later. The data shown in Figure 3 

demonstrate that optimal proliferation was obtained on day 3 .at all TNP"" KLH 

concentrations studied. At this time period a broad peak of TNP-KLH induced 

proliferation was observed from 25 J..Lg/ml to 200 J..Lg/ml. Subsequent proliferation 

experiments utilized 25 J..Lg TNP-KLH/ml, 5 x 1 o5 viable ly~phocytes/culture assaye~ on 

day 3. 
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Figure 2. The proliferative response of primed rat lymphocytes to TNP-KLH. Lymph 

node leukocytes were collected from Sprague-Dawley rats immunized 7 days previously 

with subcutaneous injections of alum precipitated TNP-KLH (0.2 mg/injection). Modified 

Mishell-Dutton cultures were established in flat bottomed, 96 well microtiter plates at the 

cell co~centrations shown. Cells were incubated for 72 hours at the antigen concentrations 

shown. Cultures were pulsed for 8 hours with 0.5 J.LCi of [3H]-TdR (6.7 mCilmmole) on 

day 3, harvested using a MASH II cell harvester, and [3H]-TdR incorporation into DNA 

determined in a liquid scintillation counter. These data are expressed as mean specific 

uptake of [3H]-TdR (experimental cpm minus control cpm) ± S.E.M. (n = 6). 
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Figure 3. Kinetics of the proliferative response of primed rat lymphocytes to TNP-KLH. 

Lymph node leukocytes were collected and processed as described i~ Figure 2 and on days 

3, 4 and 5 the cultures were pulsed for 8 hours with 0.5 J.!Ci of [3H]-TdR (6.7 

mCi/mmole) and harvested as before. Data are expressed as mean specific uptake 

(experimental cpm minus control cpm) ± S.E.M. (n = 8). 
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B. Regulatory Effect of Fibroilectin .on TNP-KLH Induced Lymphoproliferation In Vitro. 

The effect of fibronectin on antig~n induced lymphoproliferation by unseparated, in 

vivo primed rat lymph node leukocytes was measured using rat serum albumin as the 

protein control (Figure 4). Fibronectin at sub-physiological concentrations resulted in 

increased proliferation when compared to proliferation in the presence of RSA. However, · 

above 81.2 J.Lg proteinlmi, fibronectin inhibited proliferation greater than rat serum 

albumin. This pattern of inhibition at physiological fibrone.ctip. concentrations was similar 

in two other experiments, although the enhancement at sub-physiological fibronectin 

concentration was not observed. 

The proliferative response to a T -dependent, antigen requires the interaction of the 

antigen presenting cell, carrier-specific helper T -cell and, depending on the time frame of· 

the culture, the hapten specific.B-cell. Since fibronectiil is ktiown to,modulate macrophage 

activity, in vivo primed lymph node leukocytes were enriched for T -cells by passage 

through a nylon wool column. In order to determine the .accessory cell requirements· in ~is 

system, T -cells were cultured in the absence or presence of increasing numbers of 

irradiated, thioglycollate induced, peritoneal exudate cells (PEC) as a source of antigen 

presenting cells. TNP-KLH (25 J.Lg/ml) induced [3H]-TdR incorporation, in the presence 

of the optimal regulatory concentrations of fibronectin or rat serum albumin (325 J.Lg/ml), · 

was measured on day 3 of culture (Figure 5).- When no antigen was added to culture, 

background proliferation was negligible. As the number of PEC increased, proliferation to 

. TNP-KLH was increased, and a broad peak was observed from 0~5 to 3.0% added PEC. . 

Above 3.0%, PEC inhibited proliferation in all treatments. 
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Figure 4. The regulatory effect of fibronectin on the proliferative response of primed rat 

lymph node leukocytes to TNP-KLH. The unseparated leukocytes were collected and 

processed as described in Figure 2. The unseparated cell population contained 1. 7% non

specific esterase positive cells. Cultures were pulsed for 8 hours with 0.5 J..LCi of [3H]

TdR (6.7 mCi/mmole) on day 3, harvested using a MASH II cell harvester, and [3H]-TdR 

uptake determined in a liquid scintillation counter. These data are expressed as mean 

specific uptake (experimental cpm minus control cpm) ± S.E.M. (n = 8) .. 
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Figure 5. ·The effect of fibronectin on the proliferative response of enriched rat lymph node 

T -cells in the presence of various concentrations of peritoneal exudate cells (PEC). The· 

primed leukocytes were collected as previously described in Figure 2. Syngeneic PEC 

were obtained from rats stimulated 3 days previously with thioglycollate medium and . 

contained 60.8% non-specific esterase positive cells. T-cells were incubated for 72 hours 

in the presence or absence of 325 Jlg FN or RSA/ml, with or without 25 Jlg TNP

KLH/ml at the PEC concentrations indicated. Cultures were labeled and harvested as 

previously described (Figure 2). Data are expressed as mean specific uptake (experimental 

cpm minus control cpm) ± S.E.M. (n = 4). 
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Thioglycollate induced PEC are active as phagocytic cells but have a reduced 

surface concentration of Class II molecules and are, therefore; poor antigen presenters 

(Unanue, 1984). Therefore, non-stimulated, plastic adherent rat splenic macrophages 

(SAC), known to possess higher concentrations of Class IT antigens, .were used as antigen 

presenting cells in the following experiments (Figure 6A). As the number of SAC in culture 

increased to 5%, the presence of 325 J.lg fibronectin/ml inhibited lymphoproliferation to 

1NP-KLH in an SAC concentration dependent manner. The negative values reported for 

SAC concentrations greater than 0.1 %. suggested that fibronectin itself was affecting 

proliferation. 

In the absence of 1NP-KLH, the presence of fibronectin resulted in an increased 

proliferation ofT -cells above either of the controls at SAC concentrations from 0.5% to 2% 

(Figure 6B). These data are in agreemen.t with Lause et al. (1984) who demonstrated that 

fibronectin was capable of stimulating lymphoproliferation by non-:-stimulated·, T-enriched 

rat lymphocytes. However, as shown in Figure 6A, in the presence of' antigen and 

fibronectin, net proliferation was substantially inhibited when compared with either of the 

controls. These data are in agreement with Lause et al. (1983) who reported that· 

fibroneetin inhibited proliferation of rat T -enriched lymphocytes to the mitogens 

phytohemagglutinin (PHA) and concanavalin A (Con A), and that this inhibition was 

accessory cell (macrophage) dependent. 



15000 ........................................................................ . 

-10000 ........................................................................ . 

SPLENIC MACROPHAGE CONCENTRATION <~ T-CELLS) 
I 

-I mm sFM ~ RSA f2l FN 

Figure 6A. The effect of fibronectin on the proliferative response of rat T -cells in the 

presence of various concentrations of splenic macrophages. The primed lymphocytes were 

collected and processed as described in Figure 2. Syngeneic splenic .macrophages (SAC) 

were obtained by plastic adherence purification of splenic leukocytes. T -cells were 

incubated for 72 hours in the presence or absence of 325 J.lg FN or RSA/ml, with or 

without 25 J.lg TNP-KLH/ml at the SAC concentrations indicated. Cultures were pulsed 

for 8 hours with 0.5 f.lCi of [3H]-TdR (6.7 mCilmmole) on day 3, harvested using a 

MASH IT cell harvester, and uptake determined in a liquid scintillation counter. Data are 

expressed as mean specific uptake (experimental cpm minus control cpm) ± S.E.M. 

(n = 4). 
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Figure 6B. The proliferative response ofT -cell enriched rat lymphocytes to fibronectin in 

the presence of splenic macrophages without TNP-KLH. Data were obtained from Figure 

6A and are expressed as the mean cpm ± S.E.M. (n = 4 ). 
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C. The Effect of Fibronectin on Lymphocyte Viability In Vitro. 

Although the data presented in Figures 6A and 6B suggest that in the presence of 

TNP-KLH, fibronectin inhibited lymphoproliferation, the mechanism by which this occurs 

is not known. A possible explanation was that fibronectin plus antigen was toxic to the 

cells in culture. The data shown in Figure 7 indicate that TNP-KLH at concentrations as 

high as 200 J.Lg/ml had no effect on lymphocyte viability for the first three days of culture. 

When cultured for 5 days, even low concentrations ofTNP-KLH had an adverse effect on 

viability; although, the decline was gradual through 100 J.Lg TNP-KLH/ml. However, 

25 J.Lg/ml inhibited lymphoproliferation in the presence of fibronectin in only 3 days of 

culture (Figure 6A). Thus, the inhibition of proliferation was unlikely to be due to TNP

KLH cytotoxicity. 
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Similar studies were undertaken to measure viability of primed, T-enriched 

lymphocytes in the presence of 1.5% splenic macrophages cultured with fibronectin, RSA 

or in SFM. This SAC concentration was selected because it routinely demonstrated optimal 

support for the TNP-KLH response in the presenceofRSA or SFM, yet in the presence. of 

fibronectin proliferation was inhibited. The data presented in Figure 8A show that -the 

addition of antigen to SAC supported cultures in the presence of RSA or fibronectin 

reduced cell viability. Generally, in the absence of antigen, fibronectin by itself did not 

affect cell viability when compared to cells in the presence of RSA or in SFM. From these 

data it appears that antigen is the limiting factor in cell viability. 

Concurrent with the viability study reported in Figure 8A, a proliferation study was 

performed (Figure 8B) utilizing aliquots of cells, antigen and protein from the same batch 

that was used to test for via~ility. Fibronectin inhibited proliferation as before, and at 1.5% 

SAC fibronectin inhibited proliferation over 50% compared to serum free medium, but 

reduced viability by only 10% (8A). These data suggest that the inhibition of [3H]-TdR 



incorporation mediated by fibronectin in the presence of TNP-KLH was affected minimally 

by the level of cell cytotoxicity as a result of the culture conditions. 
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Figure 7. The viability of primed rat lymph node leukocytes in vitro in the presence of 

TNP-KLH. Lymph node leukocytes were collected and processed as described in Figure 

2. They were incubated for 72 or 120 hours at the antigen concentrations indicated. On 

days 3 and 5, the viability of the cultured cells was determined by Eosin Y exclusion. The 

data are expressed as the mean ± S.E.M. (n = 3). 
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Figure 8A. The effect of TNP-KLH and FN on viability of primed, T -cell emichedrat 

lymphocytes in vitro. The primed lymphocytes were collected and processed as described 

in Figure 2. Syngeneic splenic macrophages were obtained by plastic adherence 

purification of splenic leukocytes. The cells were incubated for 96 hours in the presence or 
~ 

absence of 325 Jlg FN or RSA/ml, with or without 25 Jlg TNP-KLH/ml at the SAC 

concentrations indicated. On day 4 the viability of the cultured cells was determined by 

Eosin Y exclusion and [3Hj -TdR incorporation was determined in parallel (Figure 8B )~ 

These data are expressed as the mean± S.E.M. (n = 3). 
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Figure 8B. The effect offibronectin on TNP-KLH induced lymphoproliferation by the T

cell enriched population utilized in the viability experiment reported in Figure 8A. Data are 

expressed as mean specific uptake (experimental cpm minus control cpm) ± S.E.M. 

(n = 4). 
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A second possible mechanism by which fibronectin could -inhibit antigen induced 

lymphoproliferation- may be its interaction with TNP-KLH, thereby preventing antigen 

uptake and processing by the macrophage for presentation to the helper T -.cell. This 

question was addressed in a series of experiments to test the ability of 125Iodine labeled 

TNP-KLH or fibronectin to bind to each other in the IRMA described in Methods. In the 

first series of experiments, rat serum albumin, TNP-KLH or gelatin was linked to the 

bottom of microtiter vinyl assay strips by carbodiimide and incubated overnight at 4°C. 

After washing with Dulbecco's PBS containing 1% Tween-20 (DPBS-T, pH7.4), 

5 x lo4 cpm of [125I]-fibronectin was added to each well, and the plate was incubated at 

37°C for 2 hours. The [125!]-fibronectin was removed by aspiration and washing with 

DPBS-T, and the retained radioactivity was measured. As is shown in Figure 9, the 

amount of [1251]-fibronectin bound to TNP-KLH was 20-fold less than to gelatin (positive 

control). In Figure 10 the amount of [125IJ-TN:P-KLH bound to fibronectin was 12-fold 

less than to rabbit anti-TNP-KLH antibody (positive control). Therefore, although 

fibronectin was able to bind to TNP-KLH, it did so at such a low level that 'fibronectin was 

probably not acting to directly increase binding of TNP-KLH to the macrophage surface. 
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Figure 9. Binding of [1251]-FN to TNP-KLH. [125I]-FN (5 x 104 cpm) in 0.1 m1 of 

PBS-T containing 1% BSA (pH7.4) was incubated in flat bottom microtiter vinyl assay 

strips containing carbodiimide linked RSA, TNP-KLH or gelatin (positive control) for 2 

hours at 37°C. The wells were washed three times with PBS-T, and each individual vinyl 
-

well was cut-off and placed into a Biogamma vial for determination of retained radioactivity 

in a gamma counter. An empty tube control (blank) was run to measure non-specific 

binding of [125I]-FN to the vinyl assay strips. Data are expressed as the corrected mean 

cpm (non-specific background subtracted) ± S.E.M. (n = ·s). ** Statistically 

significantly different from other variables at P << 0.001 by One Way Analysis of 

Variance (ANOVA) and Student-Newman-Keuls (SNK) test. *Statistically significantly 

different by ANOV A and SNK, 0.01 < P < 0.025. 
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Figure 10. Binding of [1251]-TNP-KLH to fibronectin. [125I]-TNP-KLH (5 x 104 cpm) 

in 0.1 m1 ofPBS-Tcontaining 1% BSA (pH 7.4) was incubated in flat bottom microtiter 

vinyl assay strips containing carbodiimide linked RSA, FN or affinity purified rabbit anti

TNP-KLH (positive control) for 2 hours at 37°C. The wells were washed three times with 
. ' . 

PBS-T, and each individual vinyl well was cut-off and placed into a Biogamma vial for 

determination of retained radioactivity in a gamma counter. An empty tube control (blank) 

was run to measure non-specific binding of [1251]-TNP-KLH to the vinyl assay strips. 

Data are expressed as the corrected mean cpm (non-specific background subtracted) ± 

S.E.M. (n = 8). ** Statistically significantly different from other variables at 

P << 0.001 by One Way ANOVA and SNK test.·* Statistically significantly different by 

ANOV A and SNK, 0.001 < P < 0.005. 
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A third possible mechanism for fibronectin's inhibition ofT -cell proliferation to 

TNP-KLH was that fibronectin could stabilize the binding of carrier specific helper T -cells 

to antigen presenting macrophages. This could increase the "apparent" macrophage 

concentration and inhibit.lymphoproliferation. Consequently, in vivo primed T -cells were 

labeled with 51cr and then incubated with either splenic adherent cells or adherent 

peritoneal exudate cells in vitro in the absence or presence of TNP-KLH and either rat 

serum albumin or fibronectin. 

When PEC were incubated with 325 Jlg fibronectin/ml in the presence or absence 

of 25 Jlg TNP-KLH/ml, the binding of [51Cr]-labeled T-cells was unaltered (Table 1). If 

PEC were incubated overnight with 32~ Jlg fibronectin/ml and 25 J..Lg TNP-KLH/ml, ·the 

protein containing solutions removed, and [51Cr]-labeled T-cells added, binding was 

slightly decreased (Table 2, Experiment 2). When 250 Jlg TNP-KLH/ml was used in a 2 

hour preincubation, binding of [51Cr]-T-cells was slightly increased (Table 3). If splenic 

adherent macrophages (Table 4) or PEC (Table 5) were pre-incubated with· 250 Jlg TNP

KLH for 2 hours, and then [51cr]-T-cells were added in the presence of325 J..Lg FN or 

RSA/ml, binding of the primed T -cells was unaltered. These data suggest that, in this 

system, fibronectin does not markedly increase or decrease the stability of the binding of 

carrier specific helper T -cells to antigen presenting macrophages. 

54 



Treatmenta 

SFM 

SFM 

RSA 

RSA 

FN 

FN 

Table 1 

Binding of [51Cr]-T-cells To Adherent Peritoneal 

Exudate Macrophages Without TNP-KLH Pulse 

Experimentb 

(±) TNP-KLH 1 2 

(-) 9556.5 ± 489.5 17296.0 ± 1134.7 

(+) 9422. (2)· 14840.7 ± 1542.7 

(-) 10015.3 ± 137.9 17886.4 ± 1185.4 

(+) 11160.7 (2) 16459.4 ± 844.6 . 

(-) 9054.4 ± 133.1 16821.2 ± 730.6 

(+) 8794.5 (2) 14399.2 ± 1266.2 
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a Thioglycollate induced PEC (5 x 1 os /0.2ml) were incubated overnight in' 96 well 

microtiterplates at 37oC under 5% C02. Non-adherent cells were removed by washing 

with HBSS, and the adherent cells were incubated with 325 Jlg FN or RSA/ml in the 

presence or absence of 25 Jlg TNP-KLH/ml in CM. One million 51Cr labeled, in vivo 

pruned, T -cells in 0.1 m1 CM were pipetted into each well and the microtiter plate sealed. 

Final incubation volume was 0.2 ml. In experiment 1, the plate was incubated at 37°C 

under 5% C02 for 4 hours. In experiment 2, the plate was first centrifuged at 50 x g for 4 

minutes at 22°C. and then incubated for 3 hours at 3 7oC under 5% C02• At the end of the 

incubation period, the non-adherent [51Cr]-T -cells were removed by ~ashing with CM, 

and the adherent cells were released by treatment with 0.2 m1 of 1 N N aOH/well, and the 

retained [51Cr]-T -cells were measured in a gamma counter. 

b Data are expressed as the corrected mean cpm (non-specific background subtracted)± 

S.E.M. (n = 3). 



Table2 

Binding of [51Cr]-T -cells To Adherent Peritoneal Exudate Macrophages Incubated 

Overnight With Fibronectin and TNP-KLH 

Experimentb 

Treatmenta (±) TNP-KLH 1 2 

SFM (-) 11306.0 ± 763.5 13976.8 ± 290.1 

SFM (+) 12731.1 ± 1697.5 12561.4 (2) 

RSA (-) 8513.1 (2) 15140.0 ± 221.4 

RSA (~) 8371.1 (2) 14501.6 ± 1173.0 

FN (-) 8715.9 (2) 19475.4 ± 1452.8 

FN (+) 9006.2 (2) 16859.9 ± 319.7 
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a Thioglycollate induced PEC (5 x 1Q5/Q.2ml) were incubated overnight in 96 well 

microtiterplates at 37oC under 5% C02 with 325 J.Lg FN or RSA/ml in the presence or 

absence of 25 J.Lg TNP-KLH/ml in CM under culture conditions described in Table 1. 
Non-adherent cells, antigen and protein containing solutions were removed by washing 

with HBSS. One million 51Cr labeled, in vivo primed, T -cells in 0.1 m1 CM were pi petted 

into each well and the microtiter plate sealed. Final incubation volume was 0.2 ml. In 
experiment 1, the plate was incubated at 37oC under 5% C02 for 4 hours. In experiment 2, 

the plate was first centrifuged at 50 x g for 4 minutes at 22oC and then incubated for 3 

hours at 37oC under 5% C02• At the end of the incubation period the non-adherent [51Cr]

T -cells were removed by washing with CM, and the adherent cells were rel~ased and 
counted as for Table 1. 

b Data areexpressed as, the corrected mean cpm (non-specific background subtracted) ± 
S.E.M. (n = 3). 
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Table 3 

Binding of [51cr ]-T -cells To Peritoneal Exudate Macrophages 

Treatmenta (±) TNP-KLH [51cr]-T-cells Boundb 

SFM (-) . 11557.0 (2) 

SFM (+) 12300.3 ± 1242.2 

RSA (-) 14225.7 ± 419.5 

RSA (+) 12301.4 ± 1736.4 

FN (-) 11595.9 (2) 

FN (+) 13534.2 ± 744.1 

a Thioglycollate induced PEC (5 x 1Q5/0.2ml) were incubated overnight in 96 well 
microtiterplates at 37oC under 5% C02• Non-adherent cells were removed by washing 
with HBSS. The PEC were then incubated in the presence or absence of 250 J.Lg TNP

KLH/ml (final concentration) with 325 J.Lg FN or RSA/ml for 2 hours at 37°C under 5% 
C02• Antigen and protein containing solutions were removed by washing with HBSS as 
previously described, and 1 x 106 primed [51Cr]-T-cells in 0.2 m1 CM were added to each 
well. ·The plate was centrifuged at 50 x g for 4 minutes at 22°C and then incubated at 37°C 
under 5% C02 for 3 hours. At the end of the incubation period, the non-adherent [51Cr]

T -cells were removed by washing with CM, and the adherent cells were released and 

counted as before. 

b Data are expressed as the corrected mean cpm (non-specific background subtracted) ± 
S.E.M. (n = 3). 



Treatmenta 

SFM 

RSA 

FN 

Table4 · 

Binding of [51Cr]-T-cells To Adherent Splenic 

Macrophages Mter 2 Hour Pulse With 1NP-KLH 

[51cr]-T-cells Boundb 

5386.3 ± 434.0 

4997.7 (2) 

4947.8 ± 486.8. 

a Adherence purified splenic macrophages (5 x 105/0.2tnl) were incubated overnight in 96 

well microtiter plates at 37oC under 5% C02• Non-adherent cells were removed by 

washing with HBSS, and the adherent cells were incubated with 250 Jlg ·1NP-KLH/ml in 
CM for 2 hours. The antigen containing _medium was removed by washing with HBSS 

and replaced with 0.1 m1 CM containing either FN or RSA (325 Jlg/ml final incubation 

concentration). One million 51Cr labeled, in vivo primed, T -cells in 0.1 m1 CM were 

pi petted into each well and the microtiter plate sealed. Final incubation volume was 

0.2 ml. After the plate had been incubated at 37oC under 5% C02 for 4 ho1rrs, the non

adherent [51Cr]-T-cells were rell_loved by washing with CM, and the adherent cells were 

released and counted as before. 

b Data are expressed as the corrected mean cpm (non-specific background subtracted) ± 
S.E.M. (n = 3). 
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Treatmenta 

SFM 

RSA 

FN 

TableS 

Binding of [51Cr]-T-cells To Adherent Peritoneal 

Exudate Macrophages After 2 Hour Pulse With TNP-KLH 

[51Cr]-T-cells Boundb 

14593.3 ± 1175.6 (6) 

15186.8 ± 970.9 (5) 

14283.8 ± 971.2 (6) 

a Thioglycollate induced PEC (5 x 1Q5/0.2ml) were incubated overnight in 96 well 
microtiterplates at 37oC under 5% C02• Non-adherent cells were removed by washing 

with HBSS, and the adherent cells were incubated with 250 J..Lg TNP-KLH/ml in CM for 2 
hours. The antigen containing medium was removed by washing with HBSS and replaced 
with 0.1 ml CM containing either FN or RSA (325 J..Lg/ml final incubation concentration). 
One million 51Crlabeled, in vivo primed, T-cells in 0.1 ml CM were pipetted into each 

well and the microtiter plate sealed. Final incubation volume was 0.2 ml. The plate was 
first centrifuged at 50 x g for 4 minutes at 22oC then incubated for 3 hours at 37oC under 

5% C02• Non-adherent [51Cr]-T -cells were removed by washing with CM, and the . 

adherent cells were released and counted as before. 

b Data are expressed as the corrected mean cpm (non-specific background subtracted) ± 
S.E.M. The number of replicates per variable are inc;licated within the parentheses. 
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The incorporation of [3H]-Thymidine in the antigen induced lymphoproliferation 

experiments was measured on either day 3 or day 4, depending upon the protocol. 

However, fibronectin may alter the kinetics of lymphocyte proliferative activity. To resolve 

this possibility, proliferation by in vivo primed T -cells was measured on days 2 through 5 

in the presence of 1.5% adherent splenic macrophages and 25 Jlg TNP-KLH/ml (Figure 

11 ). The data demonstrate that fibronectin was inhibitory for proliferation at all days 

studied. Hence, within the limits of the assay, the inhibitory effect evoked by fibronectin 

was operative throughout the physiologic stages of lymphocyte activation. 
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Figure 11. Kinetics of the proliferative response of primed rat T-cells to TNP-KLH. 

Lymphocytes and splenic adherent cells were obtained and cultured as previously described 

(Figure 2). On Days 2 through 5 cultures were labeled with 0.5 JJ.Ci of 6. 7 mCilmmole 

[3H]-Td.R for 8 hours and harvested using a MASH IT harvester and uptake determitied in a 

liquid scintillation counter. Data are expressed as mean specific uptake in the presence of 

1.5% splenic macrophages (experimental cpm minus control cpm) ± ~.E.M. (n = 8). 
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D. Temporal Aspects of Fibronectin ~hibition of Antigen Induced Lyinphoproliferation 

In vivo primed,. T -cell enriched, lymph node lymphocytes were cultured for 72· 

hours in the presence of 1.5% adherent splenic macrophages and 25 J.Lg TNP-KLH/ml 

(Figure 12). During this culture period, the addition of either325 J.Lg RSA/ml or FN was 

delayed until the times indicated, and [3H]-TdR incorporation was measured at 72 hours. 

Although the variability in incorporation was high in these experiments (probably due to the 

requisite physical manipulation of the cultures), the data indicate that fibronectin must be 

present within the frrst hour of culture to inhibit lymphoproliferation in response to TNP

KLH. 

Adherent splenic macrophages were collected, and aliquots were distributed into 

microtiter wells in the absence or presence of 325 J.Lg RSA/ml, FN and 25 J.Lg TNP

KLH/ml complete medium. Two hours (Figure 13) or 24 hours {Figure 14)later, the 

culture medium was removed and replaced with 0.2 m1 CM containing 5 x loS viable T

cells. As shown in Figure 13, pre-incubating SAC with fibronectin for 2 hours failed to 

result in inhibition ofT -cell responsiveness when compared to controls. The data were 

also inconsistent and hence unreliable. However, 24 hour pre-incubation of adherent 

splenic macroph~ges with fibronectin (Figure 14) resulted in a pattern of inhibition · 

observed in previous 3 day lymphoproliferation experiments. These data suggest that the 

macrophage is a limiting factor in the suppression of lymphopr~liferation in the presence of 

fibronectin. Lause et al. (1985) report that fibronectin's inhibition of rat T -cell reactivity to 

PHA is also macrophage dependent. 
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Figure 12. Effect of the time of addition of FN on the proliferative response of in vivo 

primed T -cells to TNP-KLH. T -cells and splenic adherent cells were obtained and cultured 

in the presence of 25 Jlg TNP-KLH/ml and 1.5% adherence purified splenic macrophages 

as previously described (Figure 2). FN or RSA (325 J.Lg/ml final concentration) were 
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· added at the initiation of the experiment and at the times· indicated. Seventy two hours post- , 

initiation, the cells were ~abeled with 0.5 J.LCi of 6.7 mCi/mmole [3H]-TdR for 8 hours, 

harvested using a MASH IT harvester, and uptake determinedin a liquid scintillation 

counter. Data are expressed as mean specific uptake (experimental cpm minus control cpm) . 

+ S.E.M. (n = 4). 
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Figure 13. The effect on t -cell proliferation of preincubating splenic macrophages with 

FN for 2 hours. T -cells and splenic adherent cells were obtained and cultured as 

previously described (Figure 2). SAC were pre-incubated for 2 hours with either 325 Jlg 

FN or RSA/ml with or without25 J.Lg TNP-KLH/ml. After 2 hours, the protein containing 

solutions were removed by washing with CM and replaced with 0.2 ml CM containing 

5 x 105 viable, T-cells. On day 3, cultures were labeled with 0.5 )lCi of 6.7 mCi/mmole 

[3H]-TdR for 8 hours, harvested using a MASH II harvester, and uptake determined in a 

liquid scintillation counter. Data are expressed as mean specific uptake in the presence of 

1.5% splenic macrophages (experimental cpm minus control cpm) ± S.E.M. (n = 4). 
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Figure 14. The effect on T -cell proliferation of preincubating splenic macrophages with 

FN for 24 hours. ~ T -cells and splenic adherent cells were qbtained and cultured as 

previously described (Figure 2). SAC were pre-incubated for 24 hours with either 

325 Jlg FN or RSA/ml with or without 25 Jlg TNP-KLH/ml. Mter 24. hours the protein 

containing solutions were removed by ~ashing with CM and replaced with 0.2 m1 CM 

containing 5 x 105 viable, T-cells. On day 3 cultures were label~d with 0.5 J.LCi of 6.7 

mCilmmole [3H]-TdR for 8 hours, harvested using a MASH II harvester, and uptake 

determined in a liquid scintillation counter. Data are expressed as mean specific uptake in 

the presence of 1.5% splenic macrophages (experimental cpm minus control cpm) 

+ S.E.M. (n = 4). 
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E. Effect of Fibronectin on Immunoglobulin Synthesis 

In vivo primed, unseparated lymph node leukocytes were collected 7 days post

inoculation and established in culture in 24 well culture plates· ( 1 m1 volume). To these 

cells were added 325 Jlg FN or RSA/ml and the TNP-KLH concentration was varied from 

0 to 40 Jlg/ml. On day 2 the entire culture medium was replaced with 1 m1 of CM. This. 

was accomplished by gently aspirating the culture medium from the wells without 

disrupting a cluster of cells (created by the rocking) in the center of the well. The cultures 

were fed with 0.1 m1 of CM containing 20% fetal calf serum on days i, 3 and 4. Three 

days after replacement (day 5), the culture mediij.m was collected and total and antigen 

specific immunoglobulin synthesis was determined by the IRMA with rabbit anti-rat 

immunoglobulin or TNP-KLH linked to the bottom of the vinyl assay wells. · 

In the presence of increasing concentrations of TNP-KLH and 3 x 1 o6 primed 

lymphocytes/ml, peak total immunoglobulin synthesis response was observed between 5 

and 10 Jlg TNP-KLH/ml (Figure 15A). Beyond 10 Jlg TNP-KLH/ml, total 

immunoglobulin synthesis was diminished. This pattern was repeated when antigen 

specific immunoglobulin synthesis was measured (Figure 15B) suggesting that the optimal 

TNP-KLH concentration for antibody synthesis under these culture conditions was 

between 5 and 10 Jlg/ml. 

When 5 X 1 o6 primed lymphocytes were cultured in the presence of increasing 

concentrations of TNP-KLH, 10 Jlg/ml stimulated the peak response in both total and 

antigen specific immunoglobulin synthesis (Figures 16A and 16B). However, the 

magnitude of the total synthesis response was less in the presence of 5 x 1 o6 than 

3 X 1 o6 primed lymphocytes. Hence, further immunoglobulin synthesis experiments 

utilized 3 X 106 viable primed lymphocytes per culture. 
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Figure 15A. The total immunoglobulin synthetic response of 3 X 1 o6 primed rat 

lymphocytes/culture to TNP-KLH. Lymph node cells were collected as previously 

described (Figure 2). One milliliter cultures containing 3 x 1 o6 viable cells were 

established in 24 well plates in· the presence of the antigen concentrations indicated and fed 

daily with 0.1 m1 of CM containing 20% FCs~ On day 2 the culture media was replaced 

with CM, and the culture·s were incubated until day 5. The media was then collected, 

clarified by centrifugation and stored at -20oC until assayed. Total immunoglobulin was 

measured using an IRMA similar to that in Figure 9. Total rat immunoglobulin bound b~ 

carbodiimide linked rabbit anti-rat immunoglobulin was determined with [125!]-rabbit anti-
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! rat immunoglobulin. A standard curve was established using a commercial rat IgG 

preparation. The IRMA dilution factor for this experiment was 1:32. Data are expressed as 

Jlg immunoglobulin synthesized per culture (mean± S.E.M.) (n = 4). 
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Figure 15B. The antigen specific immunoglobulin synth~tic response of 3·x 106 primed 

rat lymphocytes/culture to TNP-KLH. Lymph node cells were collected as previously 

described (Figure 2). One milliliter cultures containing 3 x 106 viable cells were 

established and cultured at the antigen concentrations indicated as described in Figure 15A. 

TNP-KLH was linked to the polyvinyl assay wells by carboc:llimide, and [1251]-rabbit anti

rat immunoglobulin was used to mea~ure the amount of rat immunoglobulin bound to 

TNP-KLH. The IRMA dilution factor for this experiment was 1:16. Data are expressed as 

the corrected mean cpm bound (non-specific background subtracted)± S.E.M. (n = 4). 



c 
L1J 
N-
cni: ww 
::r:cn 
~ -H 
.~ z: 

a: ow 
-I: . ~ 

C) 
:::1. 

4 ................................................................................... . 

-~ 

3 ·~·· ........................................ . 

0 2.5 5.0 10.0 20.0 40.0 
1-lG TNP-KLH/ML 

Figure 16A. The total immunoglobulin synthetic response of 5 X 1 o6 primed rat 

lymphocytes/c.ulture to TNP-KLH. Lymph node cells were collected as previously 

described (Figure 2). One milliliter cultures containmg 5 x 106 viable cells were 

established and processed as described in Figure 15A at the antigen concentrations 

indicated. The IRMA dilution factor for this experiment was 1:32. Data are expressed as 

Jlg immunoglobuli~ synthesized per culture (mean± S.E.M~) (n= 4). 
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Figure 16B. The antigen specific immunoglobulin synthetic response of 5 x 1 o6 primed 

rat lymphocytes/culture to TNP-KLH. Lymph node cells were collected as previously 

described (Figure 2). One milliliter cultures containing 5 x 106 viable cells were 

established and processed as described in Figure 15A at the antigen concentrations 

indicated. The IRMA dilution factor for this experiment was 1 :~2. Data are expressed as 

the corrected mean cpm bound (non-specific background subtracted)± S.E.M. (n = 4). 
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In yivo primed, unseparated lymph node cells were collected 7 days post

inoculation and established in- culture in 24 well culture plates as previously described. To 

these cells were added 325 Jlg FN or RSA/culture and 5 Jlg TNP-KLH/culture. As is 

shown in Figure 17 A, net total immunoglobulin synthesis in the presence of fibronectin · 

and antigen was unaltered when compared with SFM ~r RSA. However, net specific 

TNP-KLH immunoglobulin synthesis wa,s substantially inhibited when compared with 

either of the controls (Figure 17B). The negative values indicate that fibronectin also 

stimulated specific inurtunoglobulin synthesis in the absence of exogenous antigen, 

analogous to fibronectin's stimulation of [3H]-thymidine incorporation by primed T-cells in 

the absence of exogenous TNP-KLH (Figure 6B ). 
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Figure 17 A." The effect of FN on total immunoglobulin synthesis induced by 5 J.lg TNP

KLH/culture. Primed, unseparate~.lymphocytes were collected and processed as 

previously described (Figure 2). One milliliter cultures containing 3 x 1 o6 viable cells 

were established in 24 well plates in the presence of 325 JJ.g FN or RSA/ml ± 2.5 JJ.g 

TNP-KLH/ml and fed daily with 0.1 m1 of CM containing 20% FCS. On day 2 the 

culture media was replaced with CM, and the cultures were incubated until day 5. The 

IRMA dilution factor for this expeJ;iment was 1:64. Data are expressed.as mean specific ng 

immunoglobulin synthesized per culture (experimental minus control)± S.E.M. (n = 4). 
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Figure 17B. The effect of FN on antigen specific immunoglobulin synthesis induced by 

5 J..Lg TNP-KLH/culture. In vivo pri~ed, unseparated lymph node cells were collecte_d 

and processed as previously described (Figure 2). One milliliter cultures containing 

3 x 106 viable cells were established and processed as de~cribed in Figure 17 A. The· 
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IRMA dilution factor for this experiment was 1:2. Data are expressed as mean specific cpm 

bound (experimental minus control) ± S.E.M. (n = 4). 



In order to further investigate the mechanism of action of fibronectin in this system, 

its effect on antibody synthesis induced by suboptimal levels of TNP-KLH was 

determined. In contrast to its effect at optimal antigen concentration, fibronectin stimulated 

total and antigen specific immu11oglobulin synthesis at suboptimal TNP-KLH concentration 

(Figures 18A and 18B). When TNP-KLH was present at 2.5 ~g/ml, fibronectin 

stimulated the production of 61 ng of immunoglobulin per culture. At the same antigen 

concentration, total immunoglobulin production was undetectable in SFM, and less than 

5 ng/culture in the presence ofRSA (Figure 18A). Fibronectin stimulated antigen specific 

synthesis 2-fold above SFM and 2.3-fold above RSA (Figure 18B). · 
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Figure 18A. The effect of FN on total immunoglobulin synthesis induced by suboptimal 

TNP-KLH concentration. Primed, unseparated lymphocytes were collected and processed 

as previously described (Figure 2). One milliliter cultures containing 3x 106 viable cells 

were established in 24 well plates in the presence of 325 Jlg FN or RSA/ml ± 2.5 Jlg · 

TNP-KLH/ml and fed daily with 0.1 m1 ofCM containing 20% FCS. On day 2 the 

culture media was replaced with CM, and the cultures were incubated until day 5. · The 

IRMA dilution factor for this experiment was 1:4. Data are expressed as mean specific ng 

immunoglobulin synthesized per culture ·(experimental minus control)± S.E.M. (n = 4). 
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Figure 18B. The effect ofFN on antigen specific immunoglobulin synthesis induced by 

suboptimal TNP-KLH concentration. In vivo primed, unseparated lymph node cells were 

collected and processed as previously described (Figure 2). One milliliter culture~ 

. containing 3 x 106 viable cells were established and processed as described in Flgure 

18A. Samples were assayed for 1NP-KLH specific immunoglobulin synthesis without 

prior dilution. Data are expressed as mean specific cpm bound (experimental minus 

control) + S.E.M. (n = 4 ). 
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DISCUSSION 

A. REGULATORY ROLE OF FIBRONECTIN ON THE IMMUNE. RESPONSE 

1. Regulatory role on antigen induced lymphoproliferation. The purpose of the 

research reported in this thesis was to elucidate the effect of fibronectin on the immune 

response to the T-dependent antigen, TNP-KLH. Lymph node cells primed 7 days 

previously by subcutaneous injection with alum precipitated TNP-KLH were isolated, and 

the effect of intact, heterodimeric fibronectin (Figure 1) on the proliferative response of 

these leukocytes was tested. Before investigation of the regulatory potential of fibronectin, 

the parameters of the culture system required standardization. Thus, nearly maximal 

lymphoproliferation was achieved with 25 J.Lg TNP-KLH/ml when assayed on day 3 

· (Figures 2 and 3). 

Under the optimal assay conditions, the data showed that at physiological 

concentration, fibron~ctin inhibited antigen induced lymphoproliferation (Figure 4 ). At 

high concentrations rat serum albumin also inhibited lymphoproliferation, as reported for 
q 

other systems (Murgita et al., 1975; Sell et al., 1977). However, inhibition by fibronectin 

was consistently greater than that induced by rat serum albumin. Lause et al. (1983, 1985) 
. . 

have also demonstrated a similar effect of fibronectin on mitogen induced 

lymphoproliferation. In those studies, fibronectin inhibited [3H]-thymidine incorporation 

by unprimed rat leukocytes to the T -cell mitogens Con A and PHA, and to the B-cell 

mitogen LPS. Furthermore, fibronectin also inhibited proliferation by unprimed purified 

T.,cellsto,PHA.in.,the .. presence.of.sU;pportive .. macrophage.concentrations. 
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Fibronectin has been sh~wn to bind to monocytes and macrophages (Bevilacqua et 

al., 1981; Lause et al., 1985; Pommier et al., 198~). Since macrophages are necessary in 

the support of various immune responses, and when obtained from different sources show 

unique effects, it was necessary to examine the effect of fibronectin in the presence of 

different populations of macrophages. In the presence of PEC, fibronectin neither 

consistently stimulated nor inhibited T -cell proliferation to TNP-KLH (Figure 5). 

However, in the presence of splenic macrophages, fibronectin markedly inhibited antigen 

induced proliferation in a macrophage concentration dependent manner (Figure 6A). This 

inhibition was further dissected· and shown to result from two different effects: 1) a potent 

mitogenic effect of fibronectin on the primed T -cells in the presence of supportive 

-~acrophage concentrations (Figure 6B) and 2) an inhibition of [3H]-Td.R incorporation by 

the same cells in the presence of TNP-KLH (Figure 6A) .. Fibronectin's mitogenic effect · 

-on T-cells was ·also demonstrated by Lause et al. (1984). However, these author~ used 

7 x 105 cells/culture, and [3H]-TdR incorporation into DNA ~as measured on day 5. 

rather than day 3. 

From the results of this investigation and of others, fibronectin can be classified 
( . 

with several other immunoregulatory normal plasma proteins. Alpha-fetoprotein (AFP) is 

a normal constituent of fetal and newborn sera and has been implicated in the maintenance , . 

of the implanted, ~stoincompatible fetus. Peck et al. reported that AFP is capable of 

suppressing T-dependent, but not T-independent, immune responses in vitro (1978). 

Further studies by these authors have shown that AFP preferentially induces the 

. proliferative pathway of suppressor T-cells (Peck et al., 1981, 1982). Secondly, Lu et al. 

_ .. (l5J84) ,:demonstmted,.that AFP-.had, .. an_,effecton,the-antigen-_presentmg_macrephage by 

reducing the level of macrophage surface Ia molecules by 50%, and Unanue suggested that 

AFP's effects may be due to the reduction ofla+ macrophages (1984). 
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Human alpha2-m,acroglobulin (A 2M) is present in the plasma at a conc;entration of 

2.5 mg/ml (Travis and Satvesen, 1983). As a broad spectrum protease inhibitor, A 2M 

functions by "trapping" a protease, and preventing it from interacting with substrates larger 

than 21kD. Although the trapped protease remains catalytically active, it is rapidly cleared 

by the RES (Hubbard, 1978). The A2M-protease complex inhibits lymphocyte 

proliferation following T -cell mitogenic and antigenic stimulation (Miyanaga et al., 1982). 

This suppression was mediated through adherent cells (Hubbard et al., 1981). 

C-reactive protein (C~) is an acu~ phase protein whose concentration increases 

several hundred-fold following tissue injury (Kushner, 1982). CRP was originally 

described as binding toT-cells and inhibiting their funGtion (James et al., 1982). 

However, the same laboratory was unaple to reproduce these results with highly purified 

and biologically active CRP unless it first interacted with a ligand (James et al., 1982). 

Serum Amyloid-A (SAA), a second acute phase reactant, also increases in concentration 
- . 

several hundred-fold following trauma.· SAA has been shown to inhibit mitogen and 

antigen induced lymphoproliferation in man (Li et al., 1982) and mice (Benson and Aldo

Benson, 1982). 

2. Regulatory role of fibronectin on TNP-KLH induced antibody synthesis. 

Lymphoproliferation in response to exogenous antigenic stimulation is an early and 

quantitatively detectable process in the development of the humoral immune response. The 

final outcome of the response is the synthesis and secretion of antigen specific 

immunoglohtilin by a clone of hapten specific B-cells. Since fibronectin intetferes with the 

early stages of immune responsiveness, it was necessary to examine the effect of 

fibronectin on TNP-KLH specific and total immunoglobulin synthesis. 

Before investigation of the regulatory potential of fibronectin on immunoglobulin 

synthesis, the parameters of the culture system required standardization. Thus, nearly 

79 



maximal antigen specific and ~on-specific immunoglobulin synthesis was achieved with 5 -

10 J.lg TNP-KLH/ml and 3 x 106 cells/ml when assayed on day 5 (Figures 15A and 

15B). Wh~n 5 x 106 cells/ml were used, the same patte~ was observed but the absolute· 

differences were less (Figures 16A and 16B). Therefore, 3 x 106cells/ml were used in 

subsequent experiments. 

Fibronectin did not alter net total immunoglobulin synthesis when compared with 
' ' 

RSA or SFM (Figure 17A). However, fibronectin inhibited TNP-KLH specific 

immunoglobulin synthesis (Figure 17B). This inhibition was the result of two different 

effects: 1) a potent stimulation by fibronectin of TNP-KLH specific immunoglobulin 

syntheis in the absence of exogenous antigen and 2) an inhibition of TNP-KLH specific 

immunoglobulin syntheis by the same cells in the presence of TNP-KLH. 

At 2.5 J.lg TNP-KLH/ml, fibronectin induced a 60-fold increase in· non-specific, 

and a 2-fold increase in TNP-KLH specific, immunoglobulin synthesis (Figures 18A and 

18B). These data are in striking contrast with the lymphoproliferation studies where 

fibronectin suppressed [3H]-TdR incorporation a~ optimal TNP-KLH concentration. The 

key difference may be the antigen dosage. In Figure 18A, non-specific immunoglobulin 

synthesis stimulated by 2.5 J.lg TNP-KLH/ml was undetectable, whereas in the 

lymphoproliferation studies 25 J.lg TNP-KLH/ml stimulated nearly maximal [3H]-Td.R 

incorporation. 

In response to antigen, cells of several pathways ·are induced to proliferate and 

differentiate with macrophage help, depending upon the antigen dosage (Reviewed in 

Green et al., 1983). These are the carrier specific TH cell, the Levell suppressor, 

contrasuppressor and the Level 2 suppressor pathways respectively. If fibronectin acts by 

increasing the"" efficiency" of the macrophage as an antigen presenting cell, then at 

suboptimal TNP-KLH concentration, fibronectin could raise the apparent antigenic dosage 
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to an "optimal" level. Secondly, at the "optimal" _antigenic dosage, fibronectin may raise 

the apparent concentration into the supra-optimal range. 

What effect would this have? In the lymphoproliferation studies, exogenous 

· fibronectin would raise the apparent antigen concentration to supra-optimal levels. · This 

could induce the develop~ent of Level 2 suppression which blocks the proliferation of 

contrasuppressors and allowing Levell suppressors to inhibit the proliferation of TH cells. 

Therefore, in the presenc~ of fibronectin and optimal TNP-KLH concentration, the cells 

proliferating may be the Levell and _Level 2 suppressors. In the absence offibroneetin, 

but in the presence of optimal TNP-KLH concentration, Leve~ 1 suppressors, 

contrasuppressors and TH cells are proliferating. Therefore, in the absence of fibronectin, 

more cells are proliferating and capable of incorporating [3H]-TdR into their DNA than in 

the presence of fibronectin. 

This would explain the reduction ofTNP-KLH specific immunoglobulin· synthesis 

observed in the presence of near optimal antigen concentration (Figure 17 A and 17B ). 

With the helper T -cells inhibited by the combined effects of Levell and 2 suppre.ssors, · 

' TNP-KLH specific immunoglobulin synthesis was inhibited. At suboptimal TNP-KLH 

concentration, fibtonectin could raise the apparent antigen concentration into the optimal 

range. This would explain the results in Figure 18A where total immunoglobulin synthesis 

was detectable only in the presence of fibronectin, and the two fold increase above SFM 

and RSA when antigen specific immunoglobulin synthesis was measured (Figure 18B ). 

These possibilities assume that fibronectin has a direct effect on the macrophage. 

This has been reported by numerous groups.- Fibronectin has been shown to affect the 

metabolic state of the macrophage by increasing the membrane expression of C3 and Fc

gamma receptors (Bevilacqua et al., 1981 ), increasing the ingestion of particles' opsonized 

by C3b or IgG (Pommier et al., 1983), or particulate activatorS of the alternate complement 

pathway (Czop and Austen, 1982; Czop et al., 1982). Fibronectin can also maintain the 
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bactericidal activity. of macrophages in vitro (Proctor et al., 1985). Beezhol~ et al. (in 

preparation) have demonstrated that fibronectin increases ILl synthesis by macrophages. 

David et al. (in preparation) have shown that fibronectin will reduce the level of activation 

of induced macrophages. Fibronectin is, therefore, capable of altering the metabolic state 

of the macrophage. 

Complement components are also capable of differentially affecting 

immunoglobulin synthesis. Highly purified human C3a suppressed antigen-specific and 

polyclonal immunoglobulin secretion but did not affect mitogen or antigen induced 

lymphocyte proliferation (Morgan et al., 1984). This effect was early acting, dependent on 

the presence of both T -cells and syngeneic macrophages in culture, and generated non-

specific suppressor T-cells (Morgan et al., 1985). The kallikrein derivative of iC3b (C3d-

K) is also a potent suppressor of mitogen, antigen and alloantigen induced T -cell 

proliferation. The mechanism of action appears to be the induc~on of PGE 1 release by the 

accessory cells present in culture (Hugli, 1984 ). Conversely, C5a augmented both 

immunoglobulin synthesis and T -cell proliferation in the same system and, when added 

simultaneously with C3a, C5a overrode the C3a mediated suppression of immunoglobulin 

synthesis (Morgan et al., 1985). 

_, 

3. Mechanism of fibronectin mediated suppression of lymphoproliferation at 
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optimal TNP-KLH concentration. The mechanism of fibronectin's inhibitory effect was 

examined in subsequent experiments. TNP-KLH was shown to have a minimal effect on 

the viability of unseparated leukocytes through day 3 of culture (Figure 7). In the pre~ence 

offibronectin and TNP-KLH, viability ofT-cells repleted with 1.5% adherent splenic 

macrophages was reduced 10% compared with the controls; i.e., serum free medium or rat 

serum albumin (Figure 8A). However, fibronectin inhibited [3H]-Td.R incorporation by 

T -cell enriched lymphocytes over 50% in the parallellymphoproliferative study 



(Figure 8B). Thus, fibroriectin's inhibition ofTNP-KLH induced lymphoproliferation 

was not due exclu-sively to in vitro cytotoxicity but must also result from modulation.of 

either lymphocyte or macrophage activity. 

An additional explanation of fibronectin 's suppressive effect would be that it binds 
, . . 

to TNP-KLH thereby preventing the antigen from interacting with macrophages. Iodinated 

fibronectin did- bind to substrate attached TNP-KLH in an amount statistically greater than 

to RSA or the empty tube control (Figure 9). Secondly, [125!]-TNP-KLH bound to 

substrate attached fibronectin in an amount statistically greater than to RSA or the empty 

tube control (Figure 10). However, the amount of [1251]-FN bound to TNP-KLH or 

[125!]-TNP-KLH bound to fibronectin was 10 to 20-fold less than the amount bound to 

the positive controls, gelatin or anti-TNP-KLH. These data suggest that the amount of 

TNP-KLH that would be bound by fibronectin and then bound to the macrophage cell 

membrane by the macrophage fibronectin receptor would be very small. Secondly, the 

amount of TNP-KLH bo~nd by plastic bound fibronectin would also be too little to 

neutralize the antigenicity of TNP-KLH. 

It is well known that antigen induced lymphoproliferation and antibody synthesis 

require macrophage participation, normally by direct macrophage:T -cell contact, which 

must last for at least 60 minutes (Unanue, 1984). Substances which increase or enhance 

this interaction may modulate the response. However, fibronectin does not appear to affect 

the binding of primed T -cells to syngeneic PEC or adherent splenic macrophages 

(Tables 1-5). Using a variety of incubation periods and protein combinations, fibronectin 

neither increased nor decreased the binding of 51cr labeled T -cells to macrophage 

monolayers. These results show that the macrophage-fibronectin dependent inhibition of 

antigen induced lymphoproliferation was not due to interference of the binding of carrier 

specific T -cells to the macrophage. 
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Fibronectin does not alter thekinetics of the proliferative response to TNP-KLH by 
. . 

the primed T -cell enriched lymphocytes in this system (Figure 11 ). When measured on 

days 2 through 5, proliferation in the presence of fibronectin and 1.5% adherent splenic 

macrophages was consistently below the controls. These data imply that the observed 

inhibition at day 3 was not simply due to an alteration in the time of peak proliferation ~ the 

presence of fibronectin. 

- Temporally, fibronectin must be present within one hour of the initiation of culture 

to inhibit lymphoproliferation (Figure 12). Macrophages require 45 - 60 minutes to 

process and present soluble and particulate antigens toT-cells .(Allen and Unanue, 1984; 

Chestnut et al., 1982; Grey et al., 1982; Unanue, 1984). This suggests that fibronectin 

may affect either the uptake or processing of TNP-KLI{ prior to presentation to the carrier 

specific T -cell. Nevertheless, once the processed antigen is ·present on the surface in 

conjunction with Class IT molecules, fibronectin is unable to suppress the response. 
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To further investigate the effect of fibronectin on macrophage processing ofTNP

KLH, splenic macrophages were pulsed for 2 hours with fibronectin with or without TNP

KLH, washed, and then primed, T -cell enriched lymphocytes were added. This pulsing 

scheme did not result in reproducible inhibition of proliferation (Figure 13) which was 

probably due to the diffic:ulty in successfully pulsing rat macrophages with antigen for such 

a short period (This is· a known technical difficulty "encountered by others using the rat 

model system [Dr. Loebel, personal communication]). However, 24 hour preincubation of 

the splenic macrophages with fibronectin was successful in inhibiting TNP-KLH induced 

lymphoproliferation when the T -cells replaced the protein containing solutions in culture 

(Figure 14 ). These data lend support to the hypothesis that fibronectin's immunoregulatory 

effect is.mediated through the antigen presenting cell. 

In support of this model, Lause et al. (1985) reported that fibronectin would 

suppress the proliferative response of rat T -cells to PHA. These authors were able to · 



obtain a similar inhibition pattern by preincubating their macrophages with fibronectin for 

one hour. Preincubating their T -cells, under the same conditions, did not result in 

inhibition of PHA induced lymphoproliferation. 

B. PHYSIOLOGICAL SIGNIFICANCE OF FffiRONECTIN'S 

IMMUNOREGULATORY ACTIVITY 

1. Modulation of macrophage Ia levels. Fibronectiri may be unique in that it binds 

to macrophages but not to T -cells. Thus, the following mechanisms are proposed to . 

explain fibronectin's immunoregulatory activity. Unanue (1984) has shown that the uptake 

and processing of Listeria monocyto~enes is accomplished equally well by immune 

stimulated macrophages, which are high in surface'Ia concentration and are effective 

antigen presenters, and by irritant-induced macrophages, which are low in surface Ia 

concentration and are poor antigen presenters. The critical factor in effective antigen 

presentation was the concentration of cell surface Ia. If fibronectin acts directly on the 

macrophage by modulating the level or accessability of surface Ia, then these macrophages 

may be less effective in presenting antigen to the carrier-specific T-cell which would result 

in reduced lymphoproliferation. 

8.5 

2. Modulation of prostaglandin levels. Fibronectin may also modulate the release 

of E class prostaglandins. Prostaglandins of the E series, at submicromolar concentrations, 

have been shown to suppress mitogen, antibody, cytotoxic T -cell, mixed lymphocyte and 

ADCC responses, as well as the production oflymphokines in vitro (Allison et al, 1978; 

Davies et al., 1980; Goodwin and Webb, 1980; Metzger et al., 1980; Unanue, 1981). 

Macrophages produce large amounts of POE upon phagocytosis of IgG or C3b opsonized 

particles-, but the amount released varies with the state of macrophage activation (Hadding 



et al., 1982; Schnyder et al., 1982; Unanue, 1981). PGE has clearly been shown to inhibit 

the expression of macrophage Ia, thereby inhibiting the presentation of antigen to helper T

cells (Unanue, 1984). Any alteration in the level ofE class prostaglandins by fibronectin 

would have a profound effect on the immune response. 

3. Modulation of the macrophage response to neoplasia. Fibronectin may be 

involved in tumour associated immunosuppression and metastasis. As previously 

described, virally transformed cells secrete fibronectin into the culture medium rather than 

incorporate it into the extracellular matrix (Chen et al., 1978) .. Simian vacuolating virUs 40 

(SV -40) transformed human keratinocytes increase their fihronectin synthesis upon 

transformation (Edelman et al., 1985). In vivo, fibronectin is found surrounding the cells 

of soft tissue tumours but not sarcomas (Stenman and V aheri, 1981 ). Transformation

associated proteases could degrade the released fibronectin, releasing fragments which are 

capable of enhancing the growth of Rous sarcoma virus transformed cells (Chen et al., 

1984; De Petro'et al., 1981). This transformation enhancing ~actor (TEF), derived from 

fibronectin fragments, has been isolated from the plasma of tumour patients (De Petro et 

al., 1983). 

Macrophages are critically involved in the immune response to neoplastic cells. 
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Directly, they kill.tumour c~lls by ADCC or cell-cell cytotoxicity (Adams and Johnson, 

1982). Indirectly, they present tumour antigens to helper T-cells for the induction of 

cytotoxic T-cells. However, most tumour bearing animals are notably immunosuppressed. 

This immunosuppression is caused by macrophage prostaglandin production and 

suppressor T-cell induction (Mizushima et al., 1984; Ting and Hargrove, 1982). Hence, 

depending upon the rriicr<;>environment, fibronectin may enhance macrophage mediated 

cytostasis/cytolysis of transformed cells by directly interacting with.the tumour cell, thereby 
- - ·-~. ~:..#0 . 

ren9ering it more susceptible to macrophage anti-tumour activity (Martin et al., 1984; 



Raynor et al., 1984 ). Conversely, fibronectin may enhance metastasis and tumour cell 

growth by suppressmg macrophage activity. 
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4. Maintenance of homeostasis. The presence of regulatory proteins such as 

fibronectin in the circulation have been explained in terms of maintaining an equilibriU:m 

between host-def~nse and tissue damage. As an example, protease and complement 

inhibitors maintain a "fail-safe" mechanism prepared to inactivate potentially hazardous lytic 

enzymes or structural proteins when activated improperly due to disease. They may 

perform a similar role in regulating the immune response. If the elements of the immune 

response are not controlled properly or if a "normal" immune response lasts too long, 

immune mediated tissue injury results. Consequently, the immune response is normally 

maintained in a suppressed state, at least in part, in response to the serum regulatory 

factors. Fibronectin may be another such regulatory molecule. It may act by enhancing 

certain immune responses in one circumstance, but suppressing the response in another. 



SUMMARY 

The. potential of fibronectin to modulate the immune response to the T -dependent 

antigen, TNP-KLH in vitro, was investigated. The incorporation of [3H]-Thymidine into 

DNA by one week, in vivo primed, lymph node cells in response to TNP-KLH was 

inhibited by physiological concentrations of affinity purified fibronectin. In the presence of 

thioglycollate_ induced peritoneal exudate macrophages, fibronectin did not inhibit [3H]

Thymidine incorporation by purified, primed, lymph node T -cells. ·However, in the 

presence of adherence purified splenic macrophages, fibronectin inhibited T -cell 

proliferation. 

Fibronectin's effect on immunoglobulin synthesis was dependent upon the 

concentration of TNP-KLH present in cultUre. At the optimal TNP-KLH concentration, 

fibronectin inhibited antigen specific immunoglobulin synthesis by. lymphocytes which had 

been primed in vivo one week previously. At subqptimal ·antigen concentration, fibronectin 

increased both antigen specific and non-specific immunoglobulin synthesis above that seen · 

with controls. 

The mechanism of fibronectin's effect was examined. Inhibition of 

lymphoproliferation ·was probably not caused by cytotoxicity of the protein combinations. 

Second, fibronectin did not affect the binding of primed T -cells to macrophage monolayers, 

nor were the kinetics of the experimental system altered. Third, the interaction of 

fibronectin with TNP-KLH was probably too small to affect macrophage uptake and 

processing ofTNP-KLH. However, the effector cell-for fibronectin's effect appears to be 

.. ,the,m,acrqph~geas,.fibrene.ctin:must-~be.~resent ·within,ene:hour;'.of:cultw:e·initiation·:for 

inhibition of lymphoproliferation to occur~ and macrophages preincubated with fibronectin 
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and TNP-KLH were capable of inhibiting T -cell prolifer~tion. These data establish that 

fibronectin exerts an immunoregulatory role on 'both the lymphoproliferative and antibody 

responses to TNP-KLH in vitro. 
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