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ABSTRACT

SHEDDING OF THY-l ALLOANTIGENS FROM T LYMPHOBLASTOID CELLS:

CHARACTERIZATION OF THE RELEASED MEMBRANE COMPLEXES

BY

William West Freimuth

Thy-1.2 and Thy-1.1 cell surface alloantigens shed from 8.49.1

(Thy-1.2, H-Zd) and BW 5147 (Thy-1.1, H—Zk) murine lymphoblastoid cells

were investigated by determining the ability of culture media from

these cells to induce a primary antibody response to these alloantigens.

An in vitro modified plaque forming cell (PFC) assay with thymocytes

as target cells was used to measure the formation of anti-Thy-l

antibody-producing cells. Incubation of 8.49.1 culture medium with

AKR/J (Thy-1.1, H-Zk) spleen cells resulted in a significant anti-

Thy-l.2 PFC response against target CBA (Thy-1.2, H-Zk) thymocytes.

When an equivalent amount of Bw 5147 culture medium was added, no PFC

responses were induced. In the reverse experiment, addition of 8.49.1

or BW 5147 supernatant to CBA spleen cells resulted in only BW 5147

culture medium eliciting an anti-Thy-l.l PFC response in a lawn of

AKR/J thymocytes. Further verification of the anti-Thy-l PFC response

specificity to Thy-l antigen resulted from congenic anti-Thy-l sera

pretreatment of immunizing culture medium which abrogated anti-Thy—l

PFC responses to the complementary Thy-l allotype.
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William West Freimuth

Radiolabeling studies indicated two phases of shedding of Thy-1.2

from 8.49.1 cells: the first occurred rapidly during the initial two

hours of incubation, while the second took place between 11.5 and

27.5 hours of cultivation. After the early release of radiolabeled

Thy-1.2 from 8.49.1 lymphoblastoid cells, a gradual synthesis of Thy-1.2

was observed over the next ten hours of incubation.

Addition of the conditioned media from either lymphoblastoid cell

line to Balb/C (Thy-1.2, H-Zd) and AKR (Thy-1.1, H-Zk) spleen cell

cultures modulated approximately 50% of the primary in vitro anti-SRBC

hemolytic plaque response. Adsorption of these two media with either

anti-Thy-l.l or anti-Thy-l.2 alloantisera abrogated the suppressive

activity. However, when these same Balb/c spleen cell cultures were

tested for anti-Thy-1.l PFC responses, only BW 5147 culture medium was

capable of inducing a significant PFC response which could be neutral-

ized by anti-Thy-l.l sera pretreatment.

Further characterization of the molecular nature of this suppres-

sor factor, along with shed Thy-l, was carried out by column chroma-

tography of the culture medium from glucosamine-labeled 8.49.1 and

BW 5147 cells. The suppressive activity was found predominantly in

shed material of high molecular weight (>2 x 106 daltons) in conditioned

media from both tumor cell lines. Thy-1.1 and Thy—1.2 antigenic activity

from Bw 5147 and 5.49.1 cells, respectively, was detected primarily in

column fractions containing substances with molecular weight greater

than 2 x 106 daltons. In addition, pooled fractions from shed material

of molecular weight estimated to be 3 x 105 daltons was capable of induc-

ing anti-Thy—l PFC responses.
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William West Freimuth

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of high

molecular weight shed material and anti-Thy—l immunoprecipitates of

culture medium from 3H—glucosamine, 3H-leucine and 3H-choline-labeled

5.49.1 cells and 3H-glucosamine-labeled BW 5147 cells was performed

to determine the nature of the individual components in the shed com—

plexes. Results from these studies indicated that the released high

molecular weight complexes were heterogeneous in composition. These

shed macromolecules contained significant quantities of protein, glyco-

protein, glycolipid and lipid, thus suggesting a membrane fragment may

be involved. Anti-Thy-l.2 precipitates of culture medium from radio-

labeled S.49.l cells consistently contained large amounts of glyco-

lipids and a glycoprotein of approximately 53,000 daltons. Taken

together, the results from all these experiments suggest that the

Thy—l antigen and modulatory factor are contained in large membrane

complexes shed from these lymphoblastoid cells, and that the Thy—l

antigenic moiety may reside on both a glycolipid and a glycoprotein.

The functional significance of these events in the regulation of cell-

cell interactions and immune surveillance of tumor growth is discussed.
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INTRODUCTION

The structural organization and dynamic nature of the plasma

membrane of eukaryotic cells and their association with a wide variety

of biological functions has just begun to be appreciated. Biosynthe-

sis and turnover of surface membrane constituents in normal and

neoplastic cells have been intensively studied. However, characteri-

zation and turnover of specific cell surface components from the

functional membrane have received only limited interest. Our under-

standing of the biological significance of these shed molecules and

their role in the regulation of normal and neoplastic growth and the

immune response is just evolving. The major objective of the research

to be presented was to investigate the metabolism of the specific

membrane component, Thy-l, found on the surface of two lymphoblastoid

cells and to determine biochemical characteristics of shed complexes

containing this Thy-l antigenic moiety. This molecular complex was

examined to elucidate its biological significance in relation to the

regulation of antibody responses.

A review of the literature on the turnover of basic membrane

constituents and the phenomenon of shedding specific cell surface

components is presented. The metabolism, immunogenicity and contro-

versy over the biochemical composition of the Thy-1 molecule expressed

on the surface of thymus derived cells and certain other non-lymphoid

cell types is also discussed. Finally, the role of soluble factors,
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released from lymphocytes and tumor cells,in the regulation of the

immune response is examined with emphasis on those substances which

modulate antibody responses.

These studies were initiated from earlier in vivo observations

in which lymphoma growth in syngeneic mice was abrogated by antiserum

directed against the Thy-l antigen on the surface of these cells.

Kinetic studies of protection by this antiserum first suggested that

Thy-1.2 cell surface antigen may be shed from the lymphoma cells.

The remainder of this dissertation is devoted to determining the

dynamics of Thy-l release by in vitro studies of this Thy-1.2 tumor

cell line and another, BW 5147, which bears the Thy-1.1 antigen.

The turnover of Thy-l on the surface of these lymphoblastoid cells

and release into culture medium was investigated by immunoprecipita-

tion of radiolabeled Thy-l during various incubation periods. An

in vitro T cell lytic plaque-forming cell assay was set up to measure

immune responses directed against the Thy-l molecule by immunizing

spleen cell cultures with shed material from lymphoblastoid cells.

Results of these experimental approaches are presented in the first

of two manuscripts (published in J. Immunol., 539:1651). The second

article (submitted for publication) focuses upon the biological

function of this shed material in the modulation of antibody responses

and its potential role in tumor escape from host immune surveillance.

In the appendix evidence is presented to further characterize the

Thy-1 moiety contained within these shed macromolecules.





LITERATURE REVIEW

I. Shedding of Cell Surface Components
 

Historical Perspective. Molecular organization, biosynthesis, and
 

degradation of plasma cell membrane components have acquired func-

tional importance in interaction of eukaryotic cells. Plasma mem-

branes were initially considered by Danielli in 1936 (1) and Davson

and Danielli in 1952 (2) to be rigid structures consisting of a

lipid bilayer surrounded by protein whose primary purpose was trans-

port of vital nutrients and structuring the cell surface. However,

pioneering investigators such as Rubin (3) suggested that the plasma

membrane was dynamic in nature. He proposed that membrane components

were released from cells and reinserted depending upon cell density.

Lower cell densities induced the release of membrane constituents,

while higher concentrations of these molecules led to reinsertion

of these components, restoring membrane integrity and allowing cell

proliferation.

Presently the plasma membrane is considered to be dynamic in

nature as described in Singer and Nicolson's fluid mosaic model of

membrane structure (4). Their model, which has been reviewed in

detail (5), proposes that globular amphipathic molecules of integral

proteins are partially embedded in a fluid lipid bilayer. Some

integral proteins are believed to transverse the lipid bilayer and

are attached or anchored to other molecules on the inner membrane

3
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like spectrin or microfilaments (5). Edelman (6) proposes that

these microfilaments are attached to microtubules allowing mobility

of these integrated molecules and act as a means of intracellular

communication. Another class of surface molecules are peripheral

proteins, which appear to be only weakly bound to the membrane and

are easily removed in aqueous buffers (4,5). The peripheral pro-

teins are suggested to be non-covalently bound to integral proteins

on the outer surface of the lipid bilayer. Carbohydrates are primarily

in the form of oligosaccharide chains covalently attached to membrane

bound proteins (glycoproteins) or to glycolipids (7,8). Glycolipids

and gangliosides are believed to have their fatty acid tails immersed

in the phospholipid bilayer with their oligosaccharide chains extend-

ing from the membrane surface into the hydrophilic periphery (8).

Since the viscosity of the lipid bilayer in mammalian membranes is

fluid at 37°C, this allows great mobility of most membrane constituents.

The membrane fluidity permits redistribution or aggregation of surface

receptors as observed in the phenomena of patching and capping (9).

Shedding: The Phenomena. Release of membrane components or fragments
 

into the extracellular environment from functional membranes of viable

cells is an event which has been described as the process of shedding

(10). The origin of this phenomenon remains unclear as observations

of soluble cellular or membrane components in the blood of various

mammals have been described without consideration for their origin or

mechanism of appearance (10). Virus budding from plasma membranes is

probably the forerunner of this concept of membrane elimination.

Studies of this event have revealed that insertion and removal of new

nembrane components is not a random process but occurs at discrete
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sites on the membrane surface (11,12). Therefore, the study of

shedding of membrane particles appears to be a natural process in

membrane turnover or elimination.

Cell Surface Membrane Turnover in vitro and in vivo. Initial inves-

tigations on membrane turnover were performed by Warren and Glick

(13), who followed the kinetics of incorporation of a variety of

radioactive precursors for proteins, glycoproteins, glycolipids, and

phospholipids in membranes isolated in Vitro from cultured murine

fibroblasts (L cells). Membrane composition and turnover have also

been investigated by externally labeling surface components using

enzymatic reactions of lactose peroxidase and galactose oxidase

(14-17). Huang et al. (14) demonstrated that the rate of synthesis

of membrane constituents was similar for growing and non—growing

cells. Replicating cells incorporated newly synthesized components

into their membrane while stationary cells eliminated membrane

material at a rate equal to its synthesis (14). Warren and Glick

(13) also found radiolabeled membrane material to be released into

the culture medium from viable cells, suggesting an active process

was involved in their shedding. There appeared to be synchronous

rate of turnover between protein, carbohydrate and lipid in a random

process irrespective of age (13). Metabolic inhibitors significantly

slowed the rate of synthesis, followed by a concomitant decrease in

the rate of degradation, suggesting a coupling of these two aspects

of membrane turnover. More recent studies on the rate of synthesis

and degradation of membrane macromolecules from murine L cells (18).

:murine lymphocytes (17), chicken embryo cells (19), murine melanoma

cells (20), monkey epithelial cells (15) and neuroblastoma cells (21)
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demonstrated a continuing synthesis of new membrane components to

replace those lost by degradation or relase. Kaplan and Moskowitz

(15) found similar rates of degradation of proteins and carbohydrates

when comparing exponentially growing and contact inhibited cultures

of monkey epithelial cells. In contrast to the previous results,

the rate of synthesis of membrane constituents was shown to be greater

in replicating cells than stationary or contact inhibited cells (15).

Several researchers have shown that proteins and glycoproteins had

heterogeneous rates of turnover (17—21) and sometimes were more pro—

nounced in growing cells (15). Kaplan and Moskowitz (15) and Hubbard

and Cohn (16) suggested that a significant portion of degradation was

due to internalization followed by proteolysis of membrane components.

A common observation in most kinetic studies has been the

biphasic rate of elimination of protein and carbohydrate surface

constituents (l4,15,19,20,22). A portion of the membrane components

were released rapidly in the first 2-5 hours of incubation, while

other components turned over at a slower rate of 2-4 days (l4,15,19,20,22).

Membrane turnover studies in viva have been limited but focused

mainly on non-growing, long-lived liver cells (23,24) and rapidly

replicating short-lived intestinal epithelial cells (25). These

studies demonstrated that both cell types actively and continuously

synthesize surface membranes.

Shedding and Metabolism of Specific Membrane Components

Methods. Cell surface shedding of specific membrane components

has been investigated in normal lymphocytes and neoplastic cells by

both biochemical and immunological approaches. Identification of

membrane components that were released into their surrounding
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environment have been analyzed by l) isolation and biochemical char-

acterization of radiolabeled membrane components and comparison of

these components to known membrane molecules or profiles of membrane

trypsinates from cells under study, 2) studying of unique biological

function such as enzymatic activity, 3) immunoprecipitation of radio-

labeled shed material, and 4) using whole or purified shed material

to induce an antibody response in vivo against the released membrane

components.

Studies on shedding of specific membrane constituents in both

normal lymphocytes and neoplastic cells in vitro have also suggested

a biphasic: release of these macromolecules. Release of Thy-l antigen

(26), H-2 antigen (18) and lectin receptors from thymocytes (27),

thymus-leukemia (TL) antigen from leukemia cells (28), antigen recog-

nition factor from murine T lymphocytes (29), cell surface 19 from

B-lymphocytes (17,22,30), cell surface glycosyltransferases from

fibroblasts (31), neuroblastoma cells (32), and melanoma associated

antigens from murine and human tumor cells (29,33) occurs rapidly

during the first six hours of incubation in fresh medium. Recently,

release of Fc receptors has recently been observed from human lympho-

blastoid cells (34) and Fe, SRBC, and C3 receptors from human peripheral

lymphocytes (35). Kapeller et al.‘ (19) and ‘Bystryn (20), who fol-

lowed radiolabeled membrane associated or released macromolecules for

long incubation periods, have observed a slower rate of accumulation

(3f the particular shed component. Yu and Cohen (28) studied modula-

tion of TL by anti-TL serum on murine RADAl leukemia cells, which

did not alter the release of non-modulated TL antigens into culture

lnedium. However, modulated TL antigens disappeared from the cell

:surface purportedly by endocytosis or degradation on the cell surface
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(28,36). In contrast, antiserum directed against H-Z did not have

any effect on the presence of H-2 antigen on the cell surface (28,36).

Radiolabeled surface macromolecules of chicken embryo cells (CEC) or

MAA accumulated in culture medium at a rate similar to their rate of

release from the cell surface (19,20). The quantity of radiolabeled

TL and MAA accumulating in the culture medium during long-term incuba-

tion was found to be greater than was originally measured on the cell

surface (20,28). These results suggest that many newly synthesized

membrane components are rapidly shed from the cell surface, with this

process being a major metabolic mechanism of elimination of membrane

components from stationary and replicating cells. The demonstration

of shedding in so many different in Vitro systems and the finding of

soluble membrane components in humans and experimental animals sug—

gests the phenomenon of shedding is a common physiological event.

Mechanism of Release of Plasma Membrane Components. Shedding
 

has been described as a dynamic activity which is part of normal cell

metabolism. Since membrane components can be found in serum or cul-

ture medium following cell death and disintegration of the cell

membrane into basic components, it is necessary to demonstrate an

active biosynthesis of membrane constituents and their shedding

during the viable period of the cells before autolysis occurs. The

initial studies of Warren and Glick (13) demonstrated metabolic

inhibitors reduced membrane turnover. Cyclohexamide reduced the

appearance of radiolabeled membrane components in culture medium by

50%. Cone et a1. (1?) determined that antimycin A or iodoacetate

inhibited the release of cell surface proteins and immunoglobulins

from B lymphocytes. Kappellar et al. (10,19) demonstrated that
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shedding of CEC macromolecules was temperature dependent since

reduction to 4°C almost completely inhibited shedding. The role of

proteases in the shedding process was suggested by the observation

that soybean trypsin inhibitor (100 ug/ml) and trasylol (50 units/m1)

abrogated shedding by 30-50% (19). Sodium azide (10’5 to lO-ZM)

had only a slightly inhibitory effect on shedding, while cyclohexamide

(10 ug/ml) immediately inhibited >95% protein synthesis and in 2

hours reduced shedding by 30-50% (19). The limited studies done on

the physiology of shedding suggest it is dependent upon a viable cell

undergoing metabolically active membrane turnover.

Cell Cycle. A potential mechanism for regulation of shedding
 

that has not been explored is the influence of the cell cycle. Early

studies of cell cycle demonstrated that synthesis of various membrane

components occurred at different times of the cell cycle (37). Glick

et a1. (38) demonstrated that glucosamine and choline labeled carbo-

hydrates were incorporated primarily during the first growth phase.

Studies on membrane architecture during the cell cycle have revealed

that some antigens are expressed at certain stages of the cell cycle.

Research by Cikes et al. (39,40) on asynchronous and synchronous

murine lymphoma cells revealed that H-2 and Moloney leukemia virus—

determined cell surface antigens were expressed maximally in the G1

growth period and their expression was inversely related to the growth

rate of cells. Lectin binding sites (41), HL-A antigens (42) and

heparin sulfate (43) on cells have been exposed primarily during the

G1 and G2 phase of the cell cycle. Sakiyama and Robbins (44) have

recently shown that some complex glycolipids are synthesized during

G1 and early S phase. It is possible since certain antigens are
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expressed maximally during the G phase that shortly after their

1

maximal expression these antigens are shed from cell surface. This

event would explain the reduced quantity of antigen eXpressed during

later stages of the cell cycle.

Composition of Shed Material. Examination of the biochemical
 

composition of macromolecules shed from the cell surface has been

limited to extracting selected membrane constituents, or a particular

membrane component from whole shed material. Recent electron micro-

scopic studies of shed material have demonstrated that membrane

vesicles were released into culture medium, suggesting that these

substances are liposomal in nature (45,46). Studies on the composi-

tion of shed material has demonstrated that all types of membrane

constituents are present including proteins, glycoproteins, glyco-

lipids, aminoglycans, and phospholipids (10,13-22). The exact nature

of shed material containing a defined cell surface antigen or receptor

as it is released from a functional cell membrane is still open to

investigation.

Models of Shedding. The mechanism of shedding most commonly proposed
 

has been clasmatosis, the pinching off of microvilli (10,26,30).

Melchers et a1. (22) demonstrated that different B-lymphocytes

released two types of IgM at three different rates which were related

to the function of the B-cells. This result could explain the biphasic

release of IgM macromolecules observed in whole spleen cell population.

Selectivity of release was also demonstrated in Ramsier's study (29)

of T—cell receptor molecules and H-2 antigen shedding, where they

observed antigen stimulation increased the release of antigen receptors

but not H-2 antigens. Vitetta et a1. (30) reported that some
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immunoglobulins released from the cell surface of plasma cells also

were attached to membrane fragments. These investigators also found

that radiolabeled H—2 antigen was not released into culture medium

at the same rate as surface 19, suggesting a selectivity of release

of certain components. This result was interpreted as cell surface

19 being selectively positioned in non-H-2 region on the cell surface

or the shedding process selectively removing certain membrane com-

ponents (30). Both of these interpretations are consistent with the

selective budding of virions from plasma membranes of infected cells

(11,12).

Studies on the metabolism of Thy-l and H-2 in thymocytes also

demonstrated a selective and rapid release of only Thy-l from the

cell surface (26). Considering H-2 antigens were integral proteins

and suggesting Thy-l to be a peripheral molecule, Vitteta et a1. (26)

postulated that either H—2 was positioned in patches in the membrane

so microvilli could pinch off between H—2 antigens, or the outer layer

of the lipid bilayer pinched off with only peripheral macromolecules,

leaving the randomly embedded H-2 antigens on the cell surface. A

recent report by Walsh and Crompton (47) demonstrated that human HLA

and Ia antigens could be labeled on the inner surface of the lipid

bilayer of lymphocyte plasma membrane, while human IgM and mouse IgM,

19D and Thy-l could only be radiolabeled on the outer membrane surface.

This observation suggests that cell surface Ig and Thy-l are peripheral

antigens and would agree with the suggestion of Vitetta et al. (26,30)

that only peripheral macromolecules are shed.

Electron microscopic studies of shedding of murine mammary tumor

virus (MuMTV) specific antigens from murine ascites leukemia cells and

release of spectrin-free vesicles from human lymphocytes revealed
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liposome-like structures surrounding the cell periphery (45,46).

Calafat et a1. (45) found that antibodies against MuMTV antigens

induced redistribution of these antigens into patches and caps from

which vesicles were released into culture medium containing MuMTV

antigens. In contrast, Thy—1.2 and H~2.8 antigens on the cell sur-

face were not shed in any significant quantity, again suggesting

selective release of certain membrane surface components varying in

each cell type. Vesicle release from "aged" human erythrocytes is

dependent upon ATP depletion and not related to hemolysis (46). The

"aging" process appears to be similar to shedding, as a selective

release of certain membrane constituents was reported. Lutz et a1.

(46) observed that >95% of the macromolecules released constitute

a uniform population of spheres containing major integral membrane

proteins in similar quantity to that found on the cell surface

except for the two-fold enrichment of acetylcholinesterase. Diverg-

ing from earlier results, the release of spectrin-free molecules

represents a selective release of membrane domains lacking peripheral

membrane proteins.

Biological Function of Shed Macromolecules. A wide variety of bio-

logical roles has been described or implied for membrane components

shed into the external environment. Cell surface constituents

released from lymphocytes have demonstrated several biological

activities such as T-cell antigen receptor (29), soluble suppressor

substances (48) and modulators of immune responses (49,50). Shed

Inembrane macromolecules have been postulated to enhance tumor pro-

gression (51). Release of tumor associated antigens has been observed

:in several animal and human tumors (51—55). Rat sarcoma or hepatoma
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tumor specific antigens (TSA) (51,54) and tumor-associated glyco-

protein released from replicating TA3-Ha tumor cells (55) enhance

escape from immune destruction theoretically by blocking humoral

and cellular responses, thus inhibiting direct immunological attack

on tumor cells. Alexander found that rats with rapidly proliferating

metastatic sarcoma tumors had a high level of soluble TSA in the

tissue surrounding the tumor and in their serum (51). A concomitant

reduction in immunological response against the tumor was also seen.

Shedding of membrane macromolecules has been proposed to play a

role in cell replication, growth, development and differentiation.

Rubin originally suggested that the release of surface components

induced instability in the membrane surface, which prevented cell

proliferation (3). Kapeller et a1. (19) concentrated shed material

from neoplastic CBC and returned it to growing CEC cells, demonstrating

a significant reduction in shedding. This observation and a noticeably

slower rate of shedding of cells at high densities suggested to these

researchers that the quantity of shed material in the environment may

affect membrane turnover of these cells (19). Aggregation-promoting

factor, which enhances tissue specific association of embryonic cells

to form organized tissue and developing tissue, has been isolated as

a glycoprotein from the cell surface and found to accumulate in cul-

ture medium, suggesting shedding as a mechanism of release from

embryonic cells (56) . The colony stimulating factor of bone marrow

cells is produced by a variety of cells (57). Price et a1. (58) have

shown the cell surface membrane to be the reservoir of colony stimu-

lating activity. Macrophage growth factor, which is also synthesized

armi released into culture medium by certain cell types, has been

identified as a trypsin-removable cell surface moiety (59) . The
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possibility exists that other soluble substances previously described

in culture medium, in vitro, or identified in serum, in Vivo, may have

been released by the active process of shedding. Further research

on the shedding phenomenon may give greater insight in such areas as

membrane turnover, cellular communication, cell proliferation and

regulation of the immune response.

II. Cell Surface Alloantigen Thy-l
 

The presence of the cell surface alloantigen Thy—l (theta) was

discovered by Reif and Allen in 1963 (60) during their investigation

of a system for immune cytolysis of mouse thymic lymphocytes. Anti-

Thy-l antiserum was produced by multiple injections of AKR thymocytes

intraperitoneally into C3H mice compatible in the same H-2 allele.

This isoantiserum demonstrated strong cytolytic activity against

thymocytes of AKR origin (60-62). Presently, the Thy-l cell surface

antigens are described as the Thy-1.1 alloantigen (formerly AKR-theta)

expressed on the surfaces of AKR thymocytes and a few closely related

strains (63,64). The great majority of inbred mouse strains bear

the Thy-1.2 alloantigen (formerly C3H-theta) on their respective

thymocyte membranes (64). Reif and Allen's expanded studies (61,62)

of Thy-1 revealed that certain leukemia cells, neonatal tissue and

non-lymphoid cells bear this marker, suggesting a broader scope of

interest and importance as a membrane component.

Distribution of Thy-l Antigen. Thy—l is a widely distributed antigen
 

found on a variety of cells and expressed in different quantities on

murine lymphocytes. The Thy-l antigen has been defined by cytotoxicity

(60-62), cytolytic inhibition assays (65), and by immunofluorescent

techniques (66) with either anti-thymocyte alloantiserum (60-62) or
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heterologous absorbed anti-mouse brain-associated Thy—l (BA-Thy-l)

antiserum, which is reactive against both Thy-l allotypes (67).

Expression of Thy-l antigen has been ascribed to murine thymus-

derived (T) lymphocytes (60—62,68,69), lymphoblastoid cells (65),

and non-thymus derived cells such as epidermal cells (70), normal

and neoplastic mammary cells (71), fibroblasts in mice and rats (72)

and brain tissue in mice (61,67,73), rats (74) and possibly humans

(75), with the cerebral cortex containing the largest quantities in

mice (73). The amount of Thy—1 antigen present on T—lymphocytes,

determined by cytotoxicity (6) or immunofluorescent staining (66,77)

using a fluorescent-activated cell sorter,has been used to differen-

tiate at least two T-cell subpopulations. Thymocytes have a higher

density of Thy-1 expressed on their cell surface as compared to

peripheral T-lymphocytes found in the spleen or lymph nodes

(61,66,69,76,77).

Thy-l Antigen as a Differentiation Marker of Lymphocytes. Studies by

Owen and Raff (68,69) on the developmental pathway of embryonic thymus

stem-cell to peripheral thymus-derived lymphocytes demonstrated that

Thy-l and TL antigens were cell surface markers of differentiation.

These investigators observed that Thy-l alloantigen was not present on

l4-day-old CBA embryo thymus cells. However, after 4 days in culture

these embryonic cells were susceptible to cytolysis by anti-Thy-1.2

sera and complement, as were lB-day-old thymus embryo cells. These

studies were confirmed in vivo when C3H (Thy-1.2) embryonic thymus

cells were grafted into thymectomized, irradiated bone marrow-

reconstituted AKR (Thy-1.1) mice. Owen and Raff observed a migration

of Thy-1.2 and TL positive cells into the spleen and lymph nodes 28
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days after transplantation (68). These investigators interpreted

this result as an indication that a second stage of differentiation

occurred. More recent studies with thymosin (78) and thymopoietin

(79) have demonstrated that in vitro cultures of bone marrow stem

cells (Thy-1 negative) can be induced to differentiate to Thy-l

positive lymphocytes upon addition of either of these thymic

hormones (80,81).

Biochemical Isolation and Characterization of the Thy—l Alloantigen.
 

The biochemical composition of the Thy-l antigen remains a contro-

versy, as evidence has been presented for the protein (82,83), glyco-

protein (84-97) and glycolipid (26,81,98-101) state of the Thy-l

molecule. The disagreement over the biochemical nature of Thy-l can

be partially explained by the diversity of approaches and cell types

used to isolate and characterize the Thy-1 antigenic moiety. Investi-

gators have extracted Thy-1.1 and/or Thy-1.2 from murine T-cells

(26,82,92-95,98-101), brain tissue (81,95,99-101) and lymphoblastoid

cells (83,96,97) and rat thymocytes and brain tissue (74,84-91).

Congenic antisera, non-congenic alloantiserum and heterologous

adsorbed rabbit-anti—mouse brain antiserum have been used in a

variety of biochemical and immunological approaches to characterize

supposedly the same or similar antigenic moiety. Therefore, in the

following review of these studies one must keep in perspective the

differences in methodology when examining the results.

Protein Nature of Thyfl. Atwell et a1. (82) studied the nature

of Thy-1 surface protein on CBA (Thy-1.2) thymocytes radiolabeled

by lactoperoxidase iodination of tyrosine residues. Iodinated

proteins were solubilized in a solution of 10 M urea and 1.5 M acetic
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acid. The soluble and non-dialyzable cell material was immunopre-

cipitated in a double antibody system using anti-Thy-l.2 antiserum

and excess goat anti—mouse 19 before being examined by disc gel

electrophoresis on 5% sodium dodecyl sulfate (SDS) polyacrylamide

gels. These experiments yielded a major radioactive peak estimated

to be 60,000 molecular weight (m.w.), which they claimed was the

Thy-1.2 protein (82). Kucich et a1. (83) examined the presence of

the Thy-1.2 molecule on the 5.49.1—TB—23 lymphoblastoid cell line

by inhibition of anti-Thy-l.2 cytolytic antiserum with enzyme treated

5.49.1 cells. Limited digestion of 5.49.1 cells with crude papain,

crystalline papain, and insoluble protease prevented these cells

from absorbing the anti-Thy-l.2 activity from mouse alloantisera

(83). These results were interpreted as indicating that a protein

moiety was necessary for Thy-1.2 activity.

Glyc0protein Nature of Thy-l
 

The Rat System. An antigen reactive with anti-Thy—lll sera
 

has been detected on the surface of rat lymphoid and brain cells,

while the Thy-1.2 allotype is not expressed in the plasma membrane

of these cells (74,84-91). Acton et a1. (74) estimated that there

were more than 5 x 105 Thy-1.1 antigenic sites detected on 95% of

rat thymocytes, 12% of spleen cells and 2% of the lymph node cells

examined. Initial studies of the characterization of Thy-1.1 from

rat tissue demonstrated that Thy-1.1 could be solubilized from cell

membranes by a variety of non-ionic detergents and weakly ionic bile

salts (84). Presence of cell surface Thy-1.1 was measured by a radio-

immunoassay utilizing iodinated anti-immunoglobulins on glutaraldehye-

fixed thymocytes previously treated with anti-Thy-l.l sera in the
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presence of detergent (84-88). Letarte-Muirhead et al. (84,85)

demonstrated that Thy-1.1 antigenic activity could be effectively

solubilized by deoxycholate and a non-ionic detergent, Lubrol-PX.

Extracts were studied by gel filtration and sucrose gradients, which

gave different molecular weight estimates. Gel filtration with

deoxycholate columns yielded a major peak of activity between 45,000

to 65,000 m.w. Calculation of stokes radius and sedimentation values

led these researchers to describe rat Thy—1.1 as a 28,000 m.w. sub-

stance (84,85). The higher molecular weight seen in column chroma-

tography was explained by the detergent bound to the Thy-1.1 molecule

(102). These researchers "purified" deoxycholate solubilized Thy-l

from rat thymocyte membranes by gel filtration and affinity chroma—

tography on antibody or lentil lectin columns. Sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) of the Thy-1.1 molecules

binding and not binding to lentil lectin yielded glycoproteins of

25,000 and 27,000 m.w., respectively, plus heterogeneous high molecular

weight substances (84,85). Thy-l purified in a similar manner from

the rat brain was also a glycoprotein of about 24,000 daltons and was

antigenically indistinguishable from the thymocyte Thy-1.1 antigen

(86).

Rabbit antiserum prepared against rat brain was able to detect

three antigens: Thy-1.1 antigen, rat-specific antigen and a cross-

reacting antigen found on mouse and rat tissue by the previously

described radioimmunoassay. Morris et a1. (88), using identical

procedures for isolating Thy-1.1, found all three antigenic moieties

apparently associated with the same glycoprotein of 28,000 m.w.

Studies with rat and mouse brain have also demonstrated three

antigenic moieties associated with the Thy-l found on murine
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thymocytes (95). Arndt et a1. (95) solubilized thymocyte brain antigen

in the mouse by urea-NP-40 or deoxycholate treatment, followed by

column chromatography, which showed all three Thy-1 reactive sub-

stances were 35,000 dalton substances. The serology, gel filtration

and isoelectric focusing of these substances demonstrated that they

were inseparable, suggesting that they were the same antigenic moiety

(95).

Chemical analysis of Thy-1.1 extracted from rat thymocytes and

brain indicated that the Thy-1.1 molecules were both glycoproteins

of 25,000 m.w. consisting of 30% carbohydrate with similar amounts

of each amino acid, but different in carbohydrate composition (89,90).

Deoxycholate was removed from the Thy-1 molecule by ethanol precipi-

tation of the purified complex. Brain Thy-1.1 has galactosamine

residues and little sialic acid, while thymocyte Thy-1.1 did not have

galactosamine residues (89,90). In addition, two-fold or greater

differences in the quantity of fucose, galactose, glucose, and sialic

acid existed between these molecules. Thymocyte Thy-l molecules which

did and did not bind to lentil lectin columns have small differences

in most carbohydrate residues, which may account for differences in

affinity for lectins. Thy-l antigenicity was destroyed at 80°C for

10 minutes and by pronase, but not by other proteolytic enzymes,

which suggested to these researchers that the Thy-1.1 antigenic

activity resides in the protein moiety (89,90). Recently, Kuchel

et a1. (91) reexamined the molecular weight determinations of Thy-l

membrane glycoproteins from rat thymus and brain, to assess the

influence of deoxycholate bound to these molecules after membrane

solubilization. Sedimentation-equilibrium and deoxycholate—binding

data demonstrated that 24% of the molecular weight was due to
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deoxycholate micelles bound to the glycoproteins. In the presence

of deoxycholate the thymus and brain Thy-l glycoproteins were calcu-

lated to be 18,700 and 17,500 daltons, respectively. In the absence

of deoxycholate, brain or thymus Thy-l formed large homogeneous

complexes of 270,000 or 300,000 m.w., respectively.

Murine System. Several investigators who have studied
 

murine thymocyte surface antigen Thy-l have concluded that it is a

low molecular weight glycoprotein (92—97). Trowbridge et al. (92,94)

used absorbed rabbit anti-thymocyte and anti-mouse T lymphoma sera,

or anti-rat BA—Thy-l serum to immunoprecipitate two lactose peroxidase

iodinated cell surface glycoproteins of 200,000 m.w. and 25,000 m.w.

and smaller quantities of other membrane material on polyacrylamide

gels. The 25,000 m.w. glycoprotein was equally reactive with all

three of these antisera, suggesting that this single molecule con-

tained all three antigen specificities or that all the antigenic

determinants were identical (94). Trowbridge and Hyman (93) studied

several Thy-1 variants of mouse lymphoma cell lines to biochemically

characterize their genetic defect. Their investigation demonstrated

that the loss of the serologically defined Thy-l antigen correlated

with the absence of a 25,000 m.w. radioactive (BR-mannose labeled)

band corresponding to the Thy-l antigen on the Thy-1 positive cell

membrane. These investigators also established that Thy-l was not

synthesized in the Thy-l negative variants, though some negative

variants synthesized a modified Thy-l glycoprotein containing very

little carbohydrate and no galactose which was degraded rapidly (93).

These authors suggested that Thy-l antigenicity is retained in the

carbohydrate moiety at the terminal sugar residues and Thy-l negative



21

variants arise due to the loss of glycosyltransferases required to

synthesize the precursor of Thy-l (93).

Johnson et a1. (96), using the 5.49.1 TB-2.3 lymphoblastoid

line, demonstrated that neuraminidase or trypsin treatment of these

cells would inhibit cytolysis of the Thy-1.2-bearing 5.49.1 cells

by anti-Thy-l.2 sera. This result suggested that sialic acid was

part of the Thy-1.2 antigenic determinant expressed upon this glyco-

protein. Recently, Zwerner et a1. (97) isolated and characterized

the Thy-1.1 molecule from the cell surface of BW5147 lymphoblastoid

cells using large-scale mammalian cell culture to produce kilogram

quantities of cells. Modifications of previous procedures used in

the study of rat Thy-1.1 were applied to the murine system and

demonstrated that a glyc0protein of 25,000 m.w. was effective in

absorbing the cytolytic actiVity of congenic and heterologous anti-

Thy-1.l antisera (97).

Glycolipid or Ganglioside Nature of Thy-1. Cell surface iodina-
 

tion of murine thymocytes and T-cells, followed by immunoprecipitation

of cell lysates with congenic anti—Thy-l sera, succeeded in isolating

a Thy-l antigenic complex (98). Vitetta et a1. (98) demonstrated

that the antigenicity of Thy-l was abolished by treatment with the

non-ionic detergent NP-40. Following density gradient sedimentation,

virtually all of the Thy-l antigen sedimented in the lipoprotein

region of the gradient, suggesting that a lipid moiety was associated

with the Thy-l complex. Sodium dodecyl sulfate-PAGE of the iodinated

Thy-1.1 and Thy-1.2 immunoprecipitates yielded a broad spectrum of

radioactivity with peaks at 35,000 daltons and a high molecular weight

peak near the tOp of the gels. Non-ionic detergent treatment of
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immunoprecipitates removed radioactivity from the precipitate, but

was still present in the detergent extract. Labeling of thymocytes

with 3H-precursors of several amino acids, fucose, and galactose

demonstrated that only radiolabeled galactose was incorporated into

Thy-1 antigenic complex after a four hour labeing period. Poly-

acrylamide gel electrophoresis of galactose labeled Thy-l gave a

broad spectrum of radioactivity from the tracking dye (migration area

of glycolipids) to the 35,000 m.w. peak, suggesting a complex con-

taining protein and glycolipid moieties (98). In another study these

investigators examined the molecular weight of 3H—galactose labeled

Thy—1.2 released from thymocytes. The findings indicated a broad

radioactive peak between 23,000 and 50,000 daltons and two small

peaks of radioactivity at approximately 65,000 and 75,000 daltons,

respectively (26).

Esselman and Miller (99) characterized an antigen found on both

murine thymocytes and brain cells which was capable of inhibiting

cytotoxicity of anti-BA-Thy-l antiserum. Total lipid extraction

from these tissues was performed by chloroform-methanol-water two-phase

system in which the ganglioside rich upper phase inhibited cyto-

toxicity of anti-BA-Thy-l serum (99). Thin layer chromatography was

used to separate the isolated gangliosides. Only G , when recon-

DlB

stituted with cholesterol:lecithin, was completely inhibitory (99).

In contrast, Arndt et a1. (95) used a somewhat different method of

extraction to isolate GDlB from murine thymocyte membranes. Their

isolated GD was not capable of absorbing the cytotoxic activity of
18

rabbit anti-BA-Thy-l serum. These investigators observed that delipi-

dation of Thy-l antigen by organic solvents caused an 80% loss of

original antigenic activity. Thy-l antigenic activity could be
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restored by lecithin and cholesterol or NP40 detergent, suggesting

that a lipid moiety is essential for the antigenicity of the

thymocyte-brain antigen (95). In later studies Miller and Esselman

(100) found that the GMl ganglioside extracted from murine thymo-

cytes and brain could absorb the cytotoxicity of anti-Thy—l.2 sera

and, to a lesser extent, rabbit anti-BA-Thy-l. Two- to four-fold

greater quantities of G from AKR mice were required to absorb

Ml

anti-Thy-l.2 cytotoxicity as compared to GM from Thy-1.2—bearing

1

C3H mice, suggesting that a specificity for the Thy-l allotypes is

found in GM1 ganglioside (100). Further studies on differentiating

T cells demonstrated that pretreatment of bone marrow cells or thymo-

cytes with choleratoxin or choleragenoid, which binds primarily cell

surface GM1 (103,104), abrogated the cytotoxicity of anti—Thy-l.2

and anti-GM1 antisera without affecting anti—H-2 cytotoxicity (81).

The neuraminidase or thymic factor treatment of bone marrow cells

led to differentiation of a cell population which allowed anti-Thy-l.2

or anti-GM1 to lyse a significant percentage of the formerly resistant

bone marrow cells. These studies suggest an unmasking or a rapid

induction of expression of Thy-1.2 antigen (81). In support of these

findings were the co-capping experiments of Thiele et al. (101), who

used anti-Thy-1.2 and choleragen to demonstrate a common ligand-

induced redistribution between these two molecules on the surface of

CBA (Thy—1.2) thymocytes. However, cholera toxin did not inhibit

binding of anti-Thy-l.2 as measured by immunofluorescence, suggesting

to these investigators that the cholera toxin receptor is closely

associated with Thy—1.2, but distinct from any of the antigenic

determinants. Immunofluorescent studies by Stein-Douglas et al.

(105) demonstrated that binding of anti-GM1 or anti—asailo 6M1 to
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murine thymocytes was not related to Thy-1 allotype, but these

gangliosides were specific membrane markers for thymus-derived cells.

The exact biochemical nature of Thy-l remains unresolved after

prolonged research and often conflicting results. Presently it

appears that the Thy-l molecule contains a carbohydrate moiety and

is quite complex in structure. A likely possibility to explain the

variety of claims of the Thy-l antigenic moiety is an antigenic

carbohydrate moiety attached to different backbones such as protein,

lipid, or sphingolipid such as is found in blood group antigens or

viral antigens (106,107). If this proposal were true, it would explain

the recognition of different portions of the complex Thy-l molecule

by congenic, allotypic and heterologous antisera.

Immune Response to Thy-1 Antigens. Genetic control of the anti-Thy-l
 

response has recently been thoroughly reviewed by Zaleski and Klein

(64). The genetic locus which encodes for the cell-surface Thy~1

alloantigens is carried by chromosome 9 in mice (108). The Thy—l

locus has two alleles: one Thy-la (encodes for Thy-1.1) is carried

by a few closely related strains of AKR mice with an analog of this

allele having been found in rats, while the Thy-1b allele (encodes

for Thy-1.2) is carried by most wild type and inbred strains of mice

that have been tested (63,64). All mouse strains examined have the

ability to produce antibodies against the Thy-l alloantigen which

they lack, but the amount of antibodies produced varies with the

genotype of each strain tested (64). The study of this antibody

response led to the development of assays to measure both serum

antibody levels and quantity of antibody forming cells in vivo.
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Serum Antibody Test and Thy-1 Plaque Forming Cell Assay. Detec-
 

tion of anti-Thy-l antibodies in the serum of mice immunized with

thymocytes, bearing the other Thy-l allotype, was tested in the

presence of rabbit complement for its cytolytic ability against

thymocytes of the immunizing strains (60-62,109). A more recent

method of detecting and enumerating anti-Thy—l antibody producing

cells in Vivo was devised by Fuji et al. (10) in 1970. This method

is a modification of the plaque forming cell (PFC) technique described

by Jerne and Nordin (111). The assay required a single intravenous

injection of Thy-1.1 thymocytes into Thy—1.2 recipients (or the

reverse protocol) (110). Six days later the mice were sacrificed

and the number of PFC in their spleens was determined by mixing

spleen cells with immunizing thymocytes in agar gel. Anti-Thy-l

antibodies diffused from antibody forming cells (embedded in agarose)

into a lawn of target Thy-1 bearing thymocytes.) Following incuba-

tion with rabbit complement target cells, surrounding anti-Thy-l‘

producing cells were lysed. Plaques were enumerated in agar gels

after drying and fixing with ethanol, producing clear circular areas

(plaques) against a cloudy white background.

Specificity of Anti-Thy-l Respgnse. Evidence that this plaque
 

assay was actually measuring antibodies directed against the specific

Thy-l allotypes on the cell surface of target thymocytes was demon-

strated by several approaches. Experiments with mice that differed

in H-2 types and other cell surface membrane antigens but with iden-

tical Thy-l allotype never showed any significant PFC response at the

immunizing doses used (112-115). Plaque forming cells were detected

in C3H (Thy-1.2) mice injected with AKR (Thy-1.1) thymocytes only
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when thymocytes from any strain expressing the Thy-1.1 antigen were

used as target cells, but not when Thy-1.2 bearing thymocytes were

target cells (113). In the reciprocal method of injecting AKR mice

with C3H thymocytes, PFC could only be detected when target thymo—

cytes from Thy-1.2 positive strains were used.. This did not occur

with Thy-1.1 bearing thymocytes (114). When mice of the same histo-

compatibility type or congenic mice differing only in Thy-l allotype

were tested, only PFC directed against the immunizing Thy-1 allotype

could be detected (115). Another indication of Thy-1 specificity was

that only Thy-1 bearing tissue used for immunization would elicit

an anti-Thy—l PFC response, while tissue with the highest content

of Thy-l (thymus) gave the best results as a source of target cells

(109,111,115).

Magnitude and Kinetics of Primary and SecOndary Responses. Pri-

mary anti-Thy-l.l PFC responses tested from various strains differed

when they produced anti-Thy-l.l responses. Fuji et al. (113) defined

mice as high responders as >104 PFC/spleen, low responders as <103

PFC/spleen, with intermediate responders between these values. Anti-

Thy-1.2 PFC responses in general were lower. Mice producing a

response >103 PFC/spleen were termed high responders and mice

eliciting <103 PFC/spleen were low responders (114). A measurable

PFC response was first detected after 2 days for high and low

responders, quickly increasing until it peaked at 4-7 days for high

responders and 6 days for low responders (64,109,112). The PFC

response declines rapidly in low responders such that 10 days post-

injection no PFC can be detected, while it takes three weeks in high

responders for the same result. Following a second thymocyte
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injection, the secondary response peaks 3 days later, higher than

the primary response in low responders but lower in some high

responders (109). Levels of serum anti-Thy-l antibodies correlated

well with enumeration of PFC and the kinetics of responses (109).

Primary responses measured PFC producing mainly IgM antibodies,

while secondary responses induced IgG-producing PFC as indicated by

their respective sensitivity or resistance to 2-mercaptoethanol

treatment (112).

Genetic Control of the Anti-Thy-l Response. Evidence for genetic
 

control was first indicated by the considerable variation in anti-

Thy—l PFC response measured in several mouse strains and confirmed

in studies of hybrid mice (109,116). Extensive genetic studies of

the anti-Thy-l response by Zaleski and Klein has led these investi-

gators to propose that genetic control of the magnitude of PFC

responses is carried by one major codominant gene termed Ir-Thy-l,

closely linked to the H-2 complex, plus at least one minor locus

(Ir-5) outside of the H-2 complex (64,116). These researchers have

given a detailed hypothesis suggesting that the mechanism of gene

action is similar to intermolecular antigenic competition (64).

In Vitro Studies of Anti-Thy-l Response. Anti-Thy-l.2 PFC
 

responses were studied in vitro by Lake (118). He adapted Mishell

and Dutton's in vitro culture system used to study SRBC (119) and

Fuji's plaque assay (110) to measure thymocyte plaque formation.

Lake used supernatant from 24 hour cultures of 6 x 107 CBA (Thy-1.2)

non-stimulated thymocytes as Thy—1.2 immunizing agent for AKR

(Thy-1.1) Spleen cell cultures (118). Specificity of anti-Thy-l.2

response in vitro was demonstrated when PFC were produced only against
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Thy-1.2 bearing target cells. A very low level autoantibody response

was also observed when AKR thymocyte supernatant was used. Peak

responses occurred on the fourth or fifth day of culture and

decreased rapidly to near background three days later (118).

Secondary anti-Thy-l.2 PFC responses of previously primed mice also

demonstrated specificity of induction. Addition of viable CBA

thymocytes to AKR spleen cell cultures would not induce an anti-Thy-1.2

PFC response, suggesting something was unique about released Thy-l

in its ability to induce in vitro PFC responses (118). In later work,

Lake and Mitchison (120) did not find any differences in in vitro

levels of PFC responses to Thy-l between various mouse strains

studied, in contrast to the observations by Zaleski (64).

Biolggical Significance of the Thyjl Cell Surface Antigen. A biological

role for the Thy-l antigen has been postulated since Thy-l was determined

to be a differentiation antigen expressed on only those lymphocytes

that were derived from the thymus or hemopoietic stem cells treated

with thymic hormones. Several investigators speculated that Thy-1

antigen may play a role in the regulation of T-cell differentiation

or in the immunological function of T—lymphocytes (26,68,69,80).

Recent research by Miller and Esselman has demonstrated that a brain

and thymic ganglioside with Thy-l antigenic properties was capable of

regulating B lymphocyte antibody responses (100,121,122). Both AKR

and CBA mouse brain GMl gangliosides formulated into cholesterol-

lecithin liposomes, suppressed anti-SRBC PFC responses when added to

spleen cell cultures after one to three days of cultivation (100).

Adsorption of CBA (Thy-1.2) brain GM1 ganglioside with anti-Thy-l.2

alloantisera would abrogate the suppressive activity of the brain
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ganglioside. Preincubation of bone marrow cells or thymocytes with

GMl ganglioside for 24 hours before these two cell types were cul-

tured together demonstrated that GMl ganglioside only affected bone

marrow cells. This result suggested that B-lymphocytes are the

target of GM1 liposomes (100).

Culture medium from T-cell cultures (Thy-1.2), capable of sup-

pressing antibody responses non-specifically, could be adsorbed with

anti-Thy-l.2 sera or rabbit anti-GM1 sera to neutralize suppressive

activity (121,122). These results were interpreted as indicating

that the suppressive factor was Thy-1.2 or a molecule closely

associated with it. Gangliosides extracted from suppressor T—cell

culture medium were tested for modulatory activity. Only GMl

ganglioside would suppress (over 80%) SRBC responses and absorb

cytotoxic activity from anti-Thy-l.2 sera (121,122). It has also

been observed that within a few days following peak suppression the

anti-SRBC response gradually returns to normal levels, suggesting

GMl glycolipid temporarily modulates the antibody response (120).

These investigators have proposed that Thy-1 in a glycolipid-liposomal

state is shed from antigen activated T-cells and reacts for a short

period of time with B-lymphocytes. This interaction prevents direct

antigen binding, rendering B-cells temporarily unresponsive during

the early stages of normal immune response and protecting them against

antigen overload or tolerance (121,122). The proposed function of

Thy-l modulating antibody responses is only one example of a variety

of soluble factors released by T-cells that enhance or suppress

antibody responses that will be reviewed in the next section.
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III. Soluble Regulators of the Humoral Immune Response
 

The dichotomy of the humoral immune response into bone marrow

derived (B) cells and thymus derived (T) cells was first observed

in reconstitution experiments of irradiated mice. Claman (123) and

Miller et al. (124) reconstituted lethally irradiated and thymectomized

mice with various combinations of B cells and T cells, determining

that synergy between these two cell types was required for optimal

antibody production. This complex system of lymphocyte interaction

has been reviewed in detail (125,126). Presently, the humoral immune

response is thought to be regulated in part by at least two different

subpopulations of T-lymphocytes (125,126), helper T-cells capable of

amplifying antibody responses, and suppressor T-cells which regulate

T helper cells resulting in reduced levels of antibody responses.

These activated T-cells appear to mediate their regulatory effects

upon B cells during direct cellular contact or by synthesis and

release of lymphokines (125,126). Modulation of antibody responses

to antigenic stimuli has also been observed in tumor-bearing animals

(52,127-131). Suppression of antibody production in these hosts has

been attributed to soluble factors released from proliferating neo-

plastic cells (51-53,127-l31). Characteristics of generation, bio-

chemical properties and mode of action of soluble regulators of the

humoral response are important to the understanding of intercellular

communication, control of cellular replication and manipulation of

the immune response for immunotherapeutic purposes.

Amplification of Antibody Responses. A subpopulation of T-cells and

soluble factors which enhance antibody responses has been studied by

several researchers (125,126). Isolation of a cell-free factor from
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spleen cell cultures, which could replace T-cells in in vitro induc-

tion of antibody responses, was first described by Rubin et al.

(132), Gorczynski et al. (133) and Watson (49). These investigators

showed that in Vitro antigenic stimulation of thymocytes or purified

T—cells for 24—48 hours induced the release of a soluble factor

which was capable of non-specifically augmenting humoral immune

responses of mouse spleen cells against SRBC antigens (49,132,133).

Taussig has described an in vivo T-cell replacing factor which is H-2

linked and believed to be the soluble expression of the T-cell receptor

(134). In addition to T-cell replacing factors, several substances

such as phytohemagglutinin, concanavalin A, and pokeweed mitogen

can enhance antibody responses both in vivo and in vitro, presumably

by a nonclonally-restricted T-cell stimulation (125,126). Amerding

et al. (135) investigated the interactions of T-cells and histoincom-

patible lymphocytes in mixed lymphocyte reactions. A substance

termed "allogeneic effect factor" (AEF) was produced by this reaction

and was capable of activating B-cells and reconstituting T-cell

depleted spleen cell cultures in the deve10pment of in vitro antibody

responses (135). Production of AEF is dependent upon H-2 differences

between alloantigen active T-cells (136). Cell proliferation and

DNA synthesis are not required, while protein synthesis and glycolysis

are essential for AEF production (136). Biochemical characterization

of AEF has determined that this substance is a glycoprotein with Ia

and 82-microglobulin determinants consisting of 40,000 dalton and

12,000 dalton subunits, both essential for its biological activity

(137). T-cells which amplify antibody responses (138) and produce

AEF (136) have been characterized as expressing the Ly-l+, Ly-2, 3-

phenotype.
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Soluble Suppressor Factors. Soluble factors produced by suppressor
 

T—cells exert their modulatory effects on a variety of immunological

phenomena (48). Gershon and Kondo (139) first introduced the concept

of suppressor T-cells as mediators of immunological tolerance. The

significance of suppressor T-cells has expanded into important roles

in antigenic competition (47), mixed lymphocyte reactions (140) and

regulation of immunoglobulin synthesis (48,50,141-145). Soluble

effector molecules released from suppressor T-cells have been

generated in cell culture by antigen-specific activation of primed

lymphoid cells (50,126,14l,142), non-specific mitogenic stimulation

by Con A (143-145) and by specific interaction between allogeneic

lymphoid cells (140). In addition, two other suppressor factors

have been extracted from the plasma membrane of antigen-primed

T-lymphocytes (48,146-149).

The mechanism of action and biochemical structure of soluble

factors which suppress antibody responses have shown great diversity.

Antigen-specific suppressive T-cell factors were extracted from

carrier—primed T-cells (146) and from T-cells of nonresponder mice

primed with the polymer L-glutamine6O-L-alamineBO-L-tyrosinelo(GAT)

(147). These factors specifically suppressed the in vitro or in vivo

secondary IgG PFC response against the relevant antigen only in mice

syngeneic or histocompatible with the source of the suppressor factor

(146,147). Taginuchi et al. (148) and Theze et al. (149) demonstrated

that their suppressive factor could be absorbed by anti-Ia serum and

that production of the factor was regulated by genes in the H—2

complex. The GAT suppressor factor has been characterized as a

protein between 40,000—55,000 m.w. and binds directly to GAT, but

its mechanism of action has yet to be determined (149). Carrier-primed
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antigen specific suppressor factor (148) has been demonstrated to

be a labile protein between 35,000-55,000 m.w., which affects

helper T-cells by eliminating their helper activity, thus suppressing

antibody responses.

Several soluble suppressor factors which were released into

culture medium from antigen or mitogen-activated T—cells non-

specifically suppress antibody responses to unrelated antigens

(50,141-145). Thomas et a1. (50) characterized soluble factors

released from T-cells of ovalbumin-immune spleen cells, which

suppressed anti-SRBC responses, but enhanced anti-ovalbumin responses.

This suppressor factor was described as a 70°C heat stable protein

of 55,000-65,000 m.w. which was active only during later stages of

an antibody response. The suppressive mechanism appeared to limit

antibody-producing cell proliferation rather than inhibit antibody

synthesis (50). In cultures of SRBC stimulated spleen cells from

mice previously immunized with horse erythrocytes (HRBC) or tetanus

toxin, addition of one or both of the priming antigens elicited a

soluble factor which peaked in activity between 72-120 hours of

cultivation (141,142). Kempf and Rubin (141) and Douglas and Rubin

(142) demonstrated that these two similar suppressor factors were

both effective only when added during the first 24 hours of cultiva-

tion of spleen cells, suggesting that these factors block the initia—

tion of antibody synthesis. Gel filtration of these factors found

the suppressor activity eluting with molecules of approximately

24,000 and 34,000 daltons (141,142).

Soluble immune response suppressor (SIRS) substances produced by

in vitro Concanavalin A-activated murine spleen cells suppresses

PFC responses to SRBC in vitro (143,144) and in vivo (145). Rich et
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al. (143) demonstrated that the activity of SIRS in in vitro spleen

cell cultures was effective only when added during the initial 24

hours of cultivation, although the suppression was not manifested

until the fourth or fifth day. The SIRS factor has been charac-

terized as a 48,000-67,000 m.w. glycoprotein which also has migra-

tion inhibitory factor (MIF) activity (144). This T-cell factor

(SIRS) was not cytotoxic for spleen cells and mediated suppression

by acting on macrophages to suppress antibody responses. In contrast,

Reinerstern et al. (145) determined that their SIRS elicited from in

vitro Con A-stimulated spleen was less than 10,000 m.w. substance,

lacked H-2 specificity and partially inhibited in vivo anti-SRBC

PFC responses by reducing the spleen cell population. The evidence

presented on the characteristics of soluble suppressor factors demon-

strates that they are only a part of a complex system for the regula-

tion of antibody response. Many mechanisms ofsuppression or enhance—

ment affect B-cells, T-cells and macrophages simultaneously, indicating

that the immune system is in a delicate balance receptive to the

constant changes of the environment.

Suppressor Factors Released by Neoplastic Cells. Immune dysfunction

in tumor-bearing animals has been repeatedly documented (El-55,127-131,

150-152), yet the mechanism of these aberrations is still not under—

stood. Immunosuppressive soluble factors have been found in the serum

and ascites fluid of many tumor-bearing animals (51-55,127-129,150-151).

Tumor viruses and their products obtained from infected cells have been

shown to impair a great variety of immunological functions (152).

Shedding of soluble tumor specific antigens and their potential immuno-

suppressive effects has been proposed as a means of escaping immune
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surveillance as previously described (51). Soluble factors released

from a variety of neoplastic cells in vitro and in vivo have immuno-

suppressive activities on lymphocyte proliferation (151), frequency

of rosette forming cells (127,128), graft rejection (150) and PFC

responses of spleen cells (129-131).

Identification and characterization of immunosuppressive factors

produced by tumor cells, which inhibit antibody synthesis, have

received limited study. Kamo et al. (129) induced a marked suppres-

sion of anti-SRBC PFC response by incubation of ascites fluid or

solubilized cell-free homogenates of mastocytoma cells with syngeneic

spleen cells. The suppressive factor was shown to be >12,000 m.w.

and heat sensitive (56°C, 30 min). Immune responsiveness could be

restored by addition of SRBC-stimulated T-cells to the suppressed

spleen cells in vitro, suggesting that the target cells were helper

T-cells (153). Primary immune response of spleen cells to SRBC was

inhibited by as little as 1% of culture supernatants of L1210 mouse

lymphoma cells (130). Huget et al. (130) determined that the suppres-

sion was caused in part by a direct cytotoxic effect on splenic

lymphocytes and macrophages by a heat labile (56°C, 30 min) and non-

dialyzable substance(s). Cytolysis was not due to exhaustion of

nutrients or virus contamination, as non-proliferating cells blocked

by mitomycin-C still produced the cytotoxic factor as did supernatant

receiving ultraviolet treatment. Addition of L1210 culture medium

to spleen cells in the first two days of cultivation generated >95%

suppression, as did a one hour preincubation of spleen cells with

20% culture medium, which suggested to these authors that non-

proliferating T-cells were the target cells (130).
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Recently, Fridman et al. (131,154) characterized a soluble factor

that was spontaneously released from the ascites L-5178-Y mouse

Thy-l and Fc receptor-bearing thymoma. Earlier studies by Gisler and

Fridman (155) demonstrated that in vitro alloantigen-activated T-cells

release into culture medium immunoglobulin binding factors (IBF)

which bind to the Fc fragment of IgG and block complement activation

of IgG in a manner that blocks direct PFC responses to SRBC and a

T-independent antigen. The lymphoma suppressive factor was shown to

be identical to the IBF previously characterized (131,154). Lymphoma-

IBF was most inhibitory to production of PFC responses when added

three days after cultivation, similar to T-cell derived IBF, suggest-

ing that IBF may act on the final differentiation of activated precursor

cells to antibody-forming cells. Tumor-IBF and suppressor activity

were removed from culture supernatants by IgG-coated sepharose columns

(154). Purification and radiolabeling of the lymphoma IBF by gel

filtration demonstrated that the suppressive activity eluted at

140,000 and 300,000 daltons, while SDS-PAGE of immunoprecipitates

showed an 80,000 dalton substance that could be dissociated into

40,000 and 20,000 dalton subunits (154). Neauport-Sautes and Fridman

(154) interpreted these results as an indication that the biologically

active IBF was in a large polymeric form, while the monomeric form may

represent the Fc receptor.

In summary, shedding of defined membrane components from normal

and neoplastic cells is a common physiological event, often of

immediate biological consequence. It is quite clear that the meta—

bolic mechanism of shedding and the biochemical nature of the shed

complexes is still evolving. Resolution of the biochemical and anti-

genic nature of cell surface components like Thy-l requires new
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experimental approaches and reevaluation of past research. The

great diversity of soluble factors and their ever-increasing roles

in regulating the immune response and cell proliferation has only

started to be explored. Eventually, the mechanism of the regula-

tion of immune responses may be understood as a complex metabolic

system controlled by dynamic interactions between a variety of highly

specialized and distinct cells and their soluble mediators.
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RELEASE OF THY-1.2 AND THY-1.1 FROM LYMPHOBLASTOID

CELLS: PARTIAL CHARACTERIZATION AND ANTIGENICITY OF

SHED MATERIAL‘
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The ability of shed Thy-1 antigenic moiety tom 8.49.1

(Thy-1.2. 114‘) and BW6147 (Thy-1.1. H-z') lymphoblaso

toid cells to induce primary antibody responses to Thy-

1.1 and Thy-1.9 was investigated by using thymocytes as

target cells for a plaque-forming cell (PFC) assay. Addi-

tion of 8.49.1 culture medium to AKR/J (Thy-1.1. l'l-z')

spleen cells induced a significant anti-Thy-1.2 PFC re-

sponse against target CBA/J (Thy-1.2, ll-2") thymocytes.

In the reciprocal protocol anti-Thy-1.1 Pl-‘C responses

against target AKR/J thymocytes were elicited by

CBA/J spleen cells cultured with BW6147 cell culture

medium. Congenic anti-Thy-1.1 sera added to immunis-

ing culture medium provided still another test of speci-

ficity because anti-Thy-1.1 PFC responses were abro-

gated whereas anti-Thy-1.3 PFC responses remained un-

affected. In the reverse experiment. addition of congenic

anti-Thy-lfl sera blocked the induction of anti-Thy-l.)

PFC responses.

Kinetics of Thy-1.2 release from 8.49.1 cells was stud-

ied by radiolabeling the lymphoblastoid cells with "Co

galactose or “C-glucoeamine followed by specific im-

munoprecipitation of solubiliaed cell-associated Thy-1.2

and of shed Thy-1.3 with anti-Thy-l.) sera. Rapid dis-

appearance of radiolabeled Thy-1.2 from 8.49.1 cells oc-

curred during the first 3 hr of incubation followed by a

gradual synthesis of Thy-1.2 over the next 10 hr. A

second phase ofrelease took place between 11.5 and 27.5

hr of incubation. Shed radiolabeled Thy-1.3 appeared

rspidlyintheculturemediumduringtheilrstll.5hr

phase of incubation when more than 90% of the labeled

Thy-1.2 material was found to be released. Accumulation

of Thy-1.3 in culture medium continued during the pro-

longed periods of incubation and provided increased

anti-Thy-1.2 PFC responses.

'Ihe molecular properties of shed Thy-1.2 were studied

by chromatography ofsupernatants born a 46 hr culture

of “C-glucoeamine labeled 8.49.1 cells on a Sepharose-

GB column. Thy-1.3 antigenic activity was primarily de-
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tested in fractions from a l‘C-racliosctive peak of greater

than 2 x 10‘ daltons. In addition. Thy-1 antigenic activity

was found in fractions with a m.w. estimated at 3 x 10‘5

daltons. These results indicate that Thy-1 is synthesised

and released as a large complex from lymphoblastoid

cells.

Studies on the shedding of specific alloantigens and tumor-

associated antigens from normal and neoplastic cells have sug-

geswd that selective release of membrane components repre-

sents a relatively common event with important biologic func-

tion (1). Release of tumor-associated antigens has been ob-

served in various neoplastic cells (2-7) and has Men proposed

as a mechanism of tumor escape from immune destruction by

the host (8). Shedding of cell surface components from thymo-

cytes and lymphocytes represent additional membrane-associ-

ated events (9-16). These membrane components have also

been implicated in lymphocyte-difierentiation interactions ( 13.

16-19).

Investigation of the nature of shed-membrane components

from viable cells has focused upon the isolation and biochemical

characterization of a specific biologic or immunogenic compo-

nent of the membrane rather than the whole shed membrane

complex from which these components may have derived.

Membrane material of different compositions was found to be

shed, including proteins, glycoproteins, glycoeaminoglycans.

and phospholipids (5, 11. 20-22). Recent electron microscopic

examination of shed material from tumor cells and red blood

cells has demonstrated the release of membrane vesicles resem-

bling liposomes (4. 23).

Thy-l antigen is a common marker of differentiation ex-

pressed on thymus-derived cells (24. 25). It '3 expressed in

different quantities on thymocytes. mature T lymphocytes.

lymphoblastoid cells (26-29) and is also found on nonthymus-

derived cells such as brain tissue (30, 31). epidermal cells (32),

fibroblasts (33). and mammary tumor cells (4). The biochemical

nature of Thy-1 is not yet resolved. but its antigenic properties

are consistent with three molecular states: protein (34). glyco-

protein (35—38). and glycolipid (39, 40). Vitetta et at. (12) have

studied the metabolism of Thy-1 in unstimulated thymocytes

and demonstrated that it was rapidly released into culture

medium. In our previous reports we have demonstrated a

biologic function for Thy-1 and proposed that Thy-l and

Gm" ganglioside were released from antigen-stimulated T cells

‘ Abbreviations used in this paper: Gm. galsctosyloN-acetyl-galso

toaaminyl-galactosyl( N-acetylneuraninyl)-glucosyl.ceramide; D-MEM.

Dulbecco's modified Eagle's medium containing 10% PCS; PBS. phat

phate-buffered saline; NR8. normal rabbit serum; NMS. AKR/J nor-

malmouseserum;MAA.melanomansociatedantimTLthymus-

leukemia.
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(16. 40). The shed material nonspecifically modulated antibody

responses.

The antigenicity of the Thy-l molecule on the membrane of

thymocytes or in material shed from thymocytes has been

studied by measuring antibody responses induced in viva and

in vitro to Thyol in a thymocyte plaque forming cell (PFC)

assay (41-43). Lake has demonstrated that culture medium

from unstimulated thymocytes incubated for 24 hr could induce

in vitro spleen cell cultures to produce specific primary or

secondary anti-Thy-l PFC responses (43). Zaleski and Klein

(44-46) investigated the genetic control of the immune response

to Thy-l by measuring the induction of anti-Thy-l PFC re-

sponses following in viva immunization with thymocytes. These

investigators have demonstrated anti-Thy-l PFC responses to

be specifically induced by and directed to Thy-1 but not other

alloantigens (42—45).

We now report two different experimental approaches that

provide evidence for shedding of specific Thy-1 associated

material by lymphoblastoid cells. The release and metabolism

of Thy-1 in lymphoblastoid cells was measured by immunopre-

cipitation of radiolabeled Thy-l shed into culture medium and

associated with solubilized cell complexes. Shed material was

also examined for antigenic activity and was capable of inducing

in vitro antibody responses specific to Thy-1. Study of the

molecular nature of this Thy-1 amociated shed material sug-'

gests that it is released in the form of high m.w. complexes.

MATERIALS AND METHODS

Cells for culture and assay. Spleen cells were obtained

aseptically from 10 to 16-week-old AKR (I-io2", Thy-1.1) male

mice and CBA (Ii-2“. Thy-1.2) female mice (Jackson Labora-

tories, Bar Harbor, Maine). Cell suspensions were prepared by

gentle aspiration with a syringe and needles of progressively

increasing gauge (21 to 27) to obtain a single cell suspension.

Spleen cells were washed once and resuspended in medium

CMRL 1066 (Grand Island Biological Co., Grand Island, N. Y.)

supplemented with 15% fetal calf serum (FCS) (Grand Island

Biological Co.). 0.15 mM L-asparagine. 2 mM L-glutamine. 1

mM sodium pyruvate, 50 mg/l gentamicin. and 2-mercaptoeth-

anal at a final concentration of 5 x 10“ M. Spleen cells were

cultured in Marbrook culture vessels in which the cell suspen-

sion (1.0 ml) is separated from a medium reservoir (12.0 ml) by

a dialysis membrane. Viability of cells was determined by

trypan blue exclusion in all experiments.

Lymphoblastoid cells and supernatants. Murine lympho.

blastoid cell lines 8.49.1 (BALE/c, I-l-2‘. Thy-1.2) (29) and

BW5147 (AKR/J. li-2", Thy-1.1) (29) were obtained from the

Salk Institute Cell Distribution Center (La Jolla, Calif). These

cells were maintained in Dulbecco's modified Eagle's medium

(D-MEM) (Grand Island Biological Co.) with 10% heat inacti-

vated FCS (D-MEM/FCS) supplemented with 3.5 g dextrose/l,

3.7 g NaHC03/l. and penicillin and mycoststin (each agent

100,000 units/medium) and streptomycin (100,000 pig/l). Cell-

free culture supernatant containing released Thy-1 was ob-

tained from cultures of radiolabeled and unlabeled lymphoblas-

toid cells usually at concentrations of 1 to 2 x 10‘ cells/ml by

centrifugation (1600 x G) for 15 min at 4°C. Supernatants were

used as Thy-1 containing immunizing agents for spleen cell

cultures.

Antisera. Anti-Thy-l.2 antisera were produced in AKR/J

female mice by injection of C3H or AKR/Cum thymocytes i.p.

according to the method of Reif and Allen (26). Anti-Thy-1.2

antisera obtained from Iitton Bionetics, Inc. (Kendngton,

Maryland) was used in some immunoprecipitation experiments.
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AntioThy-lJ antisera were produced in a reverse manner by

injecting AKR/J thymocytes into AKR/Cum or C3H mice.

The cytotoxic titers of these pooled antisera varied with each

lot and ranged from 128 to 512 when measured as previously

described (40). The goat anti-rabbit Ig anthers were a gift from

Dr. Ronald J. Patterson (Michigan State University).

Anti-Thy) plaque forming cell assay. The procedures for

induction and assay of the in vitro primary anti-Thy-l plaque

forming cell (PFC) response are modifications of the methods

of Fuji et al. (41) and Lake (43). Spleen cell suspension of 2

x 107 viable cells (viability greater than 90%) were incubated

with equal portions of culture medium and lymphoblastoid cell

culture supernatant (final dilution 1:2 in a volume of 1.0 ml)

were placed into the inner dialysis compartment of the Mar-

brook vessel. After the spleen cell cultures were incubated for

4 days at 37°C in a humid 8% CO: atmosphere, the cells from

the inner chamber were aspirated and collected into pellets by

centrifugation (170 x G) for 5 min at 4°C. In some experiments

the aspirated cells were divided into equal parts before addition

of CBA and AKR thymocytes. Thymuses were excised from 6

to l2-week-old AKR/J and CBA/J and dissected free of sur-

rounding fascia. Thymocytes in cell suspension were washed

once (300 x G) in D-MEM/FCS and resuspended in this

medium. At the time of assay. viabilities and cell concentrations

of cultures in each experimental group were measured. There

were 2.5 to 4 x 10' viable spleen cells remaining in each group

after 4 days of incubation without any discernible difference in

viability or concentration when spleen cells were cultured with

fresh D-MEM/FCS or lymphoblastoid cell supernatant with or

without anti-Thy-l sera. The cell pellets were resuspended in

0.1 ml of the appropriate thymocyte suspension containing 2 to

2.5 x 10° cells/ml (greater than 95% viable) in culture medium.

Tubes containing 0.3 ml of0.6% agarose (Induboise. L’lndustrie

Biologique, Francaise) dissolved in MEM containing 0.5 mg of

DEAE-Dextran/ml (Pharmacia Fine Chemicals, Piscataway.

N. J.) were maintained in a 50 to 53°C water bath. The spleen-

thymocyte cell suspension (20°C) was added to the heated

agarose solution, vortexed, and immediately poured on a micro-

scope slide previously dipped in a 0.1% agarose solution. After

gelation, the slides were incubated upside down on specially

designed slide trays and enough D-MEM/FCS was added (ap-

proximately 1.0 ml) to cover each slide. The slide trays were

incubated for 4 to 4.5 hr at 37°C in a humid 8% C02 incubator.

Each slide was drained and C (10% rabbit serum; lyophilised

rabbit serum, Grand Island Biological Co., in D-MEM/FCS)

was added to cover each slide for incubation of a further 45 min

period. Plaques were determined by a staining technique (47)

in which slides were drained and then stained with 0.2% trypan

blue in 0.15 M PBS, pH 7.2, for 20 min at 20°C. After incubation,

slides were rinsed twice with PBS and placed on trays and

covered with PBS until the dark trypan blue stained plaques

were counted under a dissecting microscope adjusted for diffuse

illumination.

Radiolabeling of lymphoblastoid cells. Membrane and cell

associated components of 8.49.1 cells were labeled during in-

cubation in medium containing either [l-“C]-D-glucosamine-

BC) or [1-“C]-D-galactose (New England Nuclear, Boston.

Mass.). Cells for culture were washed once. then incubated in

fresh D-MEM/FCS plus radiolabeled [l-"Cj-D-glucosamine—

HCl. 0.67 pCi/ml, 51.8 mCi/mM or [1-“C]-D~galactose, 0.15

uCi/ml, 53.9 mCi/mM at a concentration of 10’ cells/ml in a

humid 8% C02 atmosphere at 37°C. After 24 hr the cells were

washed three times in DMEM plus 5% FCS and resuspended

in culture medium at a concentration of 8 x 10’ cells/ml in

flasks (Falcon 3024. 75. cm”. Oxnard. Calif.) containing 50 ml of
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the radiolabeled cell suspension. Replicate culture flasks were

prepared for each designated period of incubation.

Preparation ofsolubilized cells and incubation medium. At

the end of the incubation period, cultures were removed from

the incubator and viable cell counts were determined. Viabilities

after each incubation period were greater than 95% and the

concentration of cells had doubled during 24.5 hr of incubation.

Cells were separated from culture medium by centrifugation

(1600 x G) for 10 min and washed twice in PBS and then

resuspended in 1.0 ml of PBS. Small aliquots of the washed cell

suspension and cellfree culture medium were digested in N08

solubilizer (Amersham/Searle. Arlington Heights, 111.) over-

night at 37°C and each sample was counted in 10 ml of scintil-

lation fluid. The remaining washed cells were lysed and solu-

bilized by five cycles of rapid freezing and thawing and centri-

fuged (1600 x G) for 15 min at 4°C (39). Lysates were dialysed

against a large volume of PBS before centrifugation (10,000 x

G) for 30 min at 4°C and small aliquots ofsupernatant were

directly counted.

Immunoprecipitation ofsalubilized cells and cellfree culture

medium. Freeze-thaw lysates (about 1.0 ml) and untreated

culture medium (5.0 ml) were processed by a double antibody

immunoprecipitation technique similar to Vitetta et al. (39) and

diagrammed in Figure 1. These suspensions were first clam

by nonspecific immunoprecipitation with normal rabbit serum

(NR8) and goat anti-rabbit lg. The lysate and culture medium

were then treated for 1 hr at 37°C with either 15 u.) or 40 ul of

AKR normal mouse serum (NMS) or anti-Thy-1.1 (controls)

or anti-Thy-1.2 sera. respectively. Excem goat anti-mouse IgG

(Malay Laboratories. Springfield. Va.) was added and the mix-

ture was incubated at 37°C for 1 hr. then overnight at 4°C,

solubilized in 0.2 ml of a 5% sodium dodecyl sulfate solution,
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and counted as described earlier. The radioactivity in Thy-1.2

alloantigen was expremed: Thy-1.2 amociated CPM - CPM

anti-Thy-L2 precipitate-CPM, anti-Thy-LI or AKR NMS pre-

cipitate. The ratio of CPM anti-Thy-1.2:CPM control was the

following for "C-glucosamine labeled cells (1.2 to 2.1) and

supernatant (5 to 10) and “C-galactose labeled cells (1.1 to 1.7)

and supernatant (4 to 9). The lower ratios for the cells could be

caused by greater nonspecific trapping from the more highly

radiolabeled pool of solubilized cell material. Repeated immu-

noprecipitstion of several cell and culture medium samples with

anti-Thyol.2 by the above procedure did not yield higher CPM

than control precipitates, suggesting that all of the labeled Thy-

l.2 material was previously precipitated.

Gel filtration of radiolabeled lymphoblastoid-cell culture

mutant. The “C-glucosamine labeled 8.49.1 cellfree cul-

ture supernatants were fractionated by gel filtration over a

Sepharose-GB column (Pharmacia Fine Chemicals). The Seph-

arose-GB column (1.5 x 60 cm) was equilibratsd and run with

PBS (pH 7.2) and was calibrated by using 6 m.w. markers.

These included 1) blue dextran (>2 x 10‘ daltons), 2) sheep

w(900.000 daltons), 3) sheep 136 (160.000 daltons), 4) bovine

serum albumin (67,000 daltons), 5) soybean trypsin inhibitor

(23,000 daltons). 6) [l-"C]-D-glucosamine-HCI (216 daltons).

The m.w. of identified fractions was detennined as described

by Reiland (48). Five to seven milliliter samples were applied

to the column and 2.1 ml fractions were tested for their ability

to induce a primary anti-Thy-1.2 PFC response by the usual

procedure.

RESULTS

Supernatants from cultured lymphoblastoid cells were tested

for the preeenceof Thy-1 associamd complexes (Table 1).

Culture medium from 8.49.1 (Thy-1.2) or BW5147 (Thy-1.1)

cells was added to both CBA (Thy-1.2) or AKR (Thy-1.1)

spleen cultures as an immunizing agent for these spleen cul-

tures. Four to five days later they were assayed for specific anti-

Thy-l PFC responses. The only group that demonstrated a

significant anti-Thy-1.1 PFC response was group 2 in which

shed material from BW5147 cells, when cultured with CBA

spleen cells, induced a remorue of 495 PFC/107 cells. When

cells from these same groups were tested for anti-Thy-1.2

response against CBA thymocytes. only AKR spleen cells culo

tured with 8.49.1 culture medium (group 3) demonstrated a

significant response (60 PFC/107 cells). These data indicate

that 8.49.1 and BW5147 lymphoblastoid cells release Thy-1

TABLE I

Weificity ofanti-Thy-l responses induced by T-lymplrablastaid

culture medium
 

 

Anti-Tby-lJ Anti-Thy-1.2

. rue

G lmmumxing Added to ‘1’?3101 P /10"

"up “'9“ 39"” 0"“. can (AKR Cells (CBA

Target Cells) Target Cells)

1 S.49.1 (1.2V CBA (1.2) 12 a 2.5‘ 6 a: 1.6‘

2 BW5147 (1.1) CBA (1.2) 495 x 72.3 9 t 3.3

3 8.49.1 (1.2) AKR (1.1) 12 t 3.2 so 1: 4.9

4 BW5147 (1.1) AKR (1.1) 5 a: 1.4 5 x 2.4
 

‘Spleencultiireswith2x10’cellsin05mlmsdirnnweretmsted

with 0.5 ml of lymphoblastoid culture medium.

‘Cellsinallgroups(1to4)weredividedequallywithone-halfthe

cellsbeingteetedagsinstAKRfl‘hy-Ll) thymocytesandtheother

mhalftestsdagsinstCBA (Thy-1.2) thymocytes.

‘Thy-l allotype in parentheses.

‘Meansxstandarderrorsofsixculturesparmip.1'hisrqlessnts

datafromoneoftwosimilarexperiments.



1654

associated molecules into the culture medium and that this

plaque assay was specific for measuring anti-Thy-l responses

Further verification of specificity results from adsorption of

the medium with congenic anti-Thy-l sera (Table II). Lympho-

blastoid cell culture medium was incubated with anti-Thy-1.l

or anti.Thy-l.2 sera for 12 to 16 hr at 4°C. When 8.49.1 culture

medium was pretreated with anti-Thy-1.2, the anti-Thy-l.2

PFC response was reduced to 11 PFC/107 cells compared to a

normal response of 192 PFC/10’ cells. As expected. addition of

anti-Thy-l.1 sera to 8.49.1 culture medium did not abrogate the

anti-Thy-1.2 response (220 PFC/10’ cells). In the reverse pro-

tocol, anti-Thy-1.1 sera incubated with BW5147 medium re-

duced the normal anti-Thy-lJ response of 310 PFC/107 cells to

6 PFC/107 cells. Anti-Thy-1.2 sera pretreatment of BW5147

medium had no significant effect on the antioThy-1.1 response.

Culture media from dividing 8.49.1 cells, collected at various

times of incubation, were assayed for their ability to induce

anti-Thy-1.2 antibody-forming cells (Table Ill). After 1 hr of

incubation (group 2) the medium induced a significant anti-

Thy-1.2 response of 67 PFC/107 cells. This indicated a rapid

release of shedding of Thy-1.2 soon after addition to fresh

medium. Culture medium collected at 19 and 45 hr of incubation

induced an increasing anti-Thy-l.2 PFC response of 138 and

167 PFC/107 cells. respectively. Pretreatment of culture me-

dium from each of the previous groups with anti-Thy-1.2 sera

essentially neutralized the anti-Thy-l.2 PFC response.

To determine the kinetics of release of radiolabeled Thy-1.2

associated complexes from these replicating cells, the 8.49.1

lymphoblastoid cells were labeled with I‘C-galactose or I‘C-

glucosamine, which are precursors of glycoproteins. glycolipids.

and the Thy-1 molecule (11, 12, 20, 22. 49). Samples were

collected at various time intervals and were processed according

to the protocol diagrammed in Figure 1, to determine the

amount of radiolabel activity associated with whole cells, solu-

bilized cells and cellfree supernatant (Fig. 2). When precursor-

labeled 8.49.1 cells were placed in fresh medium, a rapid release

of “C-radiolsbeled material (12% of l‘C-glucosarnine and 28%

of "C-galsctose total cell associated CPM) from the cells into

thecultmemediumoccurredduringthefirst5hr(Fig.2,Aand

B). The rate of release of radioactive material from celh pre-

labeled with either l‘C-galactose or l‘C-glucosamine gradually

decreased between 5 and 27.5 hr of incubation such that only

13% of “C-glucosamine and 9% of I‘C-galactose cell associated

countswere releasedinthis22.5hrperiod.
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Radiolabeled cells were frozen and thawed five times to

solubilize cell membrane components (39) that were monitored

for the amount of solubilized nondialyzable radioactivity. 8.49.1

cells radiolabeled with either one of the carbohydrate precur-

sors demonstrated a significant loss of radioactivity during the

first five hours (Fig. 2). A slight increase and subsequent plateau

of the amount of radioactivity in solubilized cell material oc-

curred after 5 hr of incubation while there was a continual

decline in the whole cell-associated radioactivity. This result

suggests that radioactive precursors present inside the cell were

md to biosynthesize new membrane components.

Radiolabeled Thy-1.2 found in the cell solubilized fraction

and cellfree supernatant fraction was quantitated by immunoo

precipitation with anti-Thy-1.2 sera according to the protocol

of Figure 1. Rapid disappearance of labeled Thy-1.2 (73% of

initial amount) from “Coglucosamine labeled cells took place

during the first 2 hr of incubation in fresh medium (Fig. 3-A).

This was followed by synthesis of Thy-1.2 (30% increase of

labeled Thy-1.2) during the next 3 hr. A second phase of release

of Thy-1.2 from the cell solubilized material occurred between

5 and 27.5 hr of incubation. Radiolabeled Thy-1.2 rapidly ap-

 

 

TABLE III

Kinetics of release of Thy-l2-associated complexes into culture

medium

. . Anti-Th -1.2 nae
Grou Immunrzing "I 0? PF /10’ Ce! s
No. Medium Incubation‘ (CBA Turret Cells)

1 Normal 5 2 2.1'

2 8.49.1 1 67 :1: 18.2

3 8.49.1 19 138 1 32.6

4 8.49.1 45 167 t 26.9

Medium Treated with Anti-1704.1”

5 Normal 2 3 H

6 8.49.1 1 9 t 3-8

7 8.49.1 19 11 t 3-3

8 3.49.1 45 18 :t 7-9
 

‘Culturemediumaddedintheaamemanneras'l‘ableltoAKR

(Thy-1.1) spleen cells.

‘ Culture medium collected at designated hour from celh which were

washed three times and added to fresh medium at a concentration of

7.4 x 10’ cells/ml; 19 hr: 10.1 x 10‘ cells/ml; 45 hr. 19.3 x 10‘/rnl.

‘ Means 1 standard errors of five cultures per group. This represents

data fromoneofthreesimilarexperiments.

‘Treatment same as Table II, except final dilution 1/ 160.

 

 

TABLE 11

Adsorption of released Thy-I associated complexes with Anti-Thy) sera

Anti-Th 1.2 Res mun .11 use

Immuniaing um- Treated with‘ 35:36:11. PF no’ Ce 2173/10“ cat

(CBA Target c.1111 (AKR rum Cells)

1. BW5147 (1.1)' —‘ AKR (1.1) 9 1 3.9' —’

28. 49.1 (1.2) — AKR (1.1) 192 1212 --

3.8.49.1 (1.2) Anti-Thyo1.2 AKR (1.1) 11 1 5.7 -

4. 8.49.1 (1.2) Anti-Thy-Ll AKR (1.1) 220 1 29.6 —

5. 8.49.1 (12) - CBA (1.2) —’ s 1 20

s. BW5147 (1.1) - CBA (1.2) -— 311 1 61.2

7. BW5147 (1.1) Anti-Thy-1.l CBA (1.2) — 6 1 2.8

s. BW5147 (1.1) Anti-Thy-1.2 CBA (1.2) — 246 1 27 9
 

'CulturemediumaddedinthesamemannerasTable I.

‘Culture medium we pretreated with the respective antisera (final dilution 1:40) for 12 to 16 hr at 4°C before addition to when cultures.

8.49.1 culture medium was used from 45-hr culture shown in Table III.

' Thy-l allotype in parentheses.

‘ No additions.

'Meamtsturdardermnofaixctdturespergroup.Thisrepreeentsdatafrom oneoffoureaperiments performedwith congenicandallogeneic

anti-Thy-l sera. and both types of sera gave similar results.

’Not done. These controls are shown in Table I.
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paaredintheculturemediumduringthefirst 11.5hr,when63%

ofthe total Dry-1.2 released in 27.5 hr was immunoprecipitated.

A gradual increase in the level of labeled Thy-1.2 in the culture

medium was observed during the next 16 hr of incubation.

Lymphoblastoid cells prelabeled with “C-galactose exhibited

the same pattern of release as the "C-glucoeamine labeled cells

except that appearance of labeled Thy-1.2 in the culture me-

dium was not as early as “C-glucosamine labeled cells (Fig. 3-

B). These experiments suggest that radiolabeled Thy-1.2 was

readily released into the culture medium from replicating 8.49.1

lymphoblastoid cells in the first 5 to 11.5 hr of incubation. The

cell emaciated labeled Thy-1.2 rapidly declined in the first 2 hr

but was followed by a continual synthesis of new Thy-1.2.

presumably from intracellular pools of radiolabeled precursors.

Subsequently, th'n new Thy-1.2 was released causing the grad-
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Figure 3. Fate of "C-glucoeamine- (A) and "C~galactose- (8) labeled

Thy-1.2 alloantigen after in vitro incubation of radiolabeled 8.49.1 cells.

Radioactivity associated with Thy-1.2 alloantigen present in superna-

tant from cell culture (0) and solubilized cells (freeze-thaw lysates (O)

wasmeasuredatintervalsduringtheincubationperiodby immunopre-

cipitation. as described in Figure 1.
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ual accumulation of labeled Thy-1.2 in the culture medium

during the last 16 hr ofincubation.

Culture medium from a 45-hr culture of “C-glucosamine

labeled 8.49.1 cells was placed on a Sepharose-GB column to

separate released Thy-1.2 associated complexes (Fig. 4). The

major peaks of absorbence were found in fractions 31 to 40 and

42 to 49, which co-chromatographed with BSA and free amino

acids. respectively. Three major peaks of radioactivity were

found at fractions 15 to 19 (I), 25 to 30 (II) and 40 to 46 (III).

The first contained only traces of protein and occurred at the

void volume, indicating a m.w. greater than 2 x 10‘ daltons.

Peak II had a m.w. of approximately 3 x 10‘ daltons and peak

III contained radiolabeled metabolic products of “Coglucosa-

mine and some protein or small peptides that were of low m.w..

approximately 0.5 to 5 x 10’ daltons.

Fractions that demonstrated radioactivity or abaorbance

were tested for their ability to induce an anti-Thy-l.2 PFC

response. Only two groups of the fractions tested induced anti-

Thy-1.2 PFC responses (Figure 4). Pooled fractions 16 and 17

from peak I were capable of inducing a total of 136 anti-Thy-

1.2 plaques. The only other significant activity was found in

pooled 27 and 28 of peak II, which induced 46 plaques. The

PFC response induced by the fractions in these two peaks was

nearly equal to the anti-Thy-1.2 response induced by unfrac-

tionated culture medium. Thus, practically all of the antigenic

Thy-1.2 material was recovered in peaks 1 and II. Released

Thy-1.2 a-ociated complexes were therefore, primarily of high

m.w. (>2 x 10‘ daltons) with a smaller quantity of lower m.w.

material (~3 x 10‘ daltons).

Columnfractions(15to 18,mt022,26to28,32to34,36to

38 and 41 to 43) were pooled and tested for Thy-1.2 by immu-

noprecipitation. Peak I (15 to 18) accounted for 41% of the

original precipitable counts and peak II (26 to 28) for 1%. The

other fractions had no activity. The apparent Ion of Thy-1.2

could be due to retention of antigen on the column or to

difierent condition of immunoprecipitation between crude su-

pernatant and partially purified antigen. Comparison of percent
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specific Thy-1.2 immunoprecipitable counts from unfraction-

ated supernatant (about 6%) with immunoprecipitable counts

from Fraction (29%) indicates a significant enrichment of Thy-

l in Fraction 1.

DISCUSSION

Previous studies from our laboratory have provided evidence

that complexes containing Thy-1 and glycolipid were released

from antigen-stimulated T cells or suppressor cells and that

these molecules were capable of modulating antibody responses

(16, 40). In this report the release of Thy-l from a homogeneous

T cell population of lymphoblastoid cells was studied to deter-

mine the antigenicity and to biochemically characterize this

shed material containing the Thy-l moiety. An in vitro plaque

forming cell assay was developed to measure antibody responses

directed against released Thy-1.1 and Thy-1.2 antigenic moie-

ties.

The observed level of in vitro anti-Thy-l PFC responses

induced by lymphoblastoid culture medium incubated with

CBA/J and AKR/J spleen cells parallels the in viva response

described by Zaleski (42, 44, 45). Zaleski and Klein (46) de-

scribed the irnmune response to Thy-1 to be under genetic

control of a locus closely linked to the H-2 complex and sug-

gested that the l-l-2‘ locus controls anti-Thy-l.1 response.

Spleen cells from CBA/J mice were found to be high responders

against Thy-1.1 thymocyte target cells (44). whereas AKR/J

mice were low responders against Thy-1.2-bearing thymocytes

(45). The in viva anti-Thy-l PFC/spleen response ofCBA mice

is 10- to 20-fold greater than that of AKR/J mice (44, 45).

These data can explain the 2- to 10-fold greater anti-Thy-1.l

responses compared to anti-Thy-l.2 PFC observed in vitro.

In the present study, significant antioThy-l PFC responses

were observed only when spleen cells were incubated with

supernatants from lymphoblastoid cells of the Thy-1 allotype

difi'erent from that on the spleen cell surface, and tested against

thymocytes bearing the immunizing Thy-1 allotype (Table I).

However, spleen cells incubated with culture medium from

lymphoblastoid cells of the same Thy-1 allotype or tested

against target thymocytes bearing this Thy-1 allotype consist-

ently produced an apparent autoantibody response of 10 to 15%

anti-Thy-1.2 PFC and only 1 to 5% of the anti-Thy-l.l PFC.

This phenomenon was also reported by Lake (43). These results

could occur due to a slight cram-reactivity between the Thy-1

allotypes as observed in earlier studies (40) or represent an

altered form of Thy-1 on the surface of these cells capable of

inducing an autoimmune response.

Further evidence for the specificity of this response was

demonstrated when congenic anti-Thy-l sera directed against

the immunizing Thy- 1 allotype abrogated the specific anti-Thy-

] PFC response, whereas antisera directed against the other

allotype had no effect on the PFC response (Table II). Presum-

ably the abrogation by anti-Thy-l sera resulted from removal

of Thy-1 molecules by precipitation or by masking of the

immunogenic portion of the Thy-1 molecule.

The nature of the Thy-l molecule has led to considerable

controversy over its protein (34), glycoprotein (35—38), or gly-

colipid (39—40) properties. Presently. there appears to be agree.

ment that carbohydrate moieties are either antigenically amo-

ciatsd with or part of the Thy-1 molecule. We have investigated

the kinetics and nature of released material containing the Thy-

1 antigenic moiety from lymphoblastoid cells by using radio-

active precursors of both glycolipids and glycoproteins (“C-

galactose and “C-glucosamine). Recently, Van Eijk and Mul-

radt (49) reported that galactose and glucosamine were incor-
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porated into murine thymocyte plasma membranes as glyco-

proteins and glycosphingolipids in nearly equal proportions.

The general protocol that was followed for the double antibody

immunoprecipitation of Thycl molecule from solubilized cells

and culture medium was similar to that used by Vitetta et al.

(12, 39). In the present study the immunoprecipitate. superna-

tant and solubilized cells were not 'I‘CA precipitated so that

radiolabeled glycolipids would not be excluded from the re-

corded values. Rapid cycles of freezing and thawing of whole

S.49.l cells were performed for solubilization of cell and mem-

brane components because this method nonspecifically releases

surface Thy-1 molecules that retain their biochemical integrity

and immunogenicity (39). Solubilization by detergent treatment

can destroy the immunoprecipitability of Thy-1 (35, 39).

whereas the freewthawing method does not seem to preclude

selection of any type of molecule such as proteins or glycolipids

which may be essential to Thy-1 antigenicity (34-40).

The decline of radioactivity associated with whole S.49.l cells

prelabeled with "C-galactose or "C-glucosamine paralleled a

concomitant increase in radioactivity in the supernatant, sug-

gesting that not much "C was metabolized into “C02. Kappel-

lar et 0L (5) also found that “C-glucosarnine labeled chicken

embryo cells macromolecules accumulated in culture medium

at a rate parallel to their rate of elimination from the cell

surface. The biphasic release of radiolabeled macromolecules

observed in our study was also found in studies involving

turnover of membrane proteins or carbohydrates (3, 5, 14, 21,

22).Thetwophasesconsistedofarapidreleasein2to5hrof

incubation and a slower release ofsome cell surface components

2 to 4 days later (3, 5, 14, 21, 22).

The level of cell associated Thy-1.2 and other radioactive

macromolecules declined rapidly during the first two to five

hours of incubation, similar to that previously noted in thy-

mocytes (12) and other studies of cell surface components (2, 3.

5, 7, 9, 14, 15). However, an increase in radiolabeled cell-assoc

ciated Thy-1.2 and other macromolecules occurred during the

next 10 to 15 hr of incubation, suggesting a biosynthesis of Thy-

1.2 and other membrane components. An active metabolism of

"C-galactose and “Coglucosamine during membrane turnover

and biosynthesis of new cell products would be expected from

the rapidly replicating S.49.l lymphoblastoid cells that had

doubled in the first 24 hr of incubation. 833W!) (3) observed

that the amount of the radiolabeled membrane component

expressed as melanoma tumor-associated antigens (MAA) ini-

tially declined and then increased 75% from the previous level

during the continuous proliferation of these melanoma cells.

These observations that the quantity of radiolabeled Thy-1.2

or MAA in culture medium was greater than the observed loss

from cell-associated macromolecules support the contention

that dividing cells synthesise more membrane components than

needed to replace those lost by degradation or release (3, 5, 11,

22). These results and the fact that rapidly dividing S.49.l cells

displayed 97% viability during the entire incubation period

support the proposal that the accumulation of Thy-1.2 associ-

ated material in the culture medium was an active metabolic

process and not the result of debris from dying cells. In addition,

these findings indicate that intracellular pools of radiolabeled

precursors were present after the labeling period and were used

after the initial membrane tumover of Thy-1.2 for synthesis of

new Thy-1.2 membrane components. During the long term

culture of S.49.l cells a gradual nduction in the rate of appear-

ance of radiolabeled Thy-1.2 in culture medium and in solubi-

liredcellswasnotedandhasbeenobservedinsimilarstudies

on the release of MAA (2) and thymus leukemia (TL) antigens
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(3). This phenomenon was probably due to a combination of

higher concentrations ofcslh exhausting nutrients and reducing

membrane biosynthesis, as well as depletion of intracellular

pools of labeled precursors.

Supernatants from S.49.l cells cultured for different periods

of incubation were studhd for antigenic potential in inducing

an anti-Thy-1.2 PFC response (Table III). The longer the

period of incubation of culture medium from S.49.l cells, the

greater was its ability to induce PFC reapomes, indicating an

increased accumulation of Thy-1.2 in culture medium over

time. Induction of anti-Thy-1.2 PFC responses was abrogated

by addition of anti-Thy-l.2 sera to culture medium from these

incubation periods. This remit indicated that the increased

presence of Thy-1.2 in culture supernatant was necessary for

the increased PFC response. Other recent investigations have

demonstrated that Gm ganglioside with Thy-l antigen prop-

erties was shed from antigen-stimulated T cells in sufficient

quantity to modulate antibody responses (16, 40). We have also

found that there is a threshold level of lymphoblastoid cell

Thy-1 released into culture medium that can likewise supprem

anti-Thy-l and anti-SRBC PFC responses (unpublished re-

suits). The amount of shed Thy-1 used in the present report

was below this level and any suppression that may have oc-

curred was not apparent in these studies. Studies which suggeu

that shed Thy-1 has irnmunogenic prOperties and can also

modulate antibody responses will be the topic of a future report.

Column chromatography of supernatant from a 45 hr culture

of “C-glucosamine labeled S.49.l cells indicated that most of

the radioactivity (70%) was found in low m.w. compounds (Fig.

4, peak III). This material was not l‘C-glucosamine that sepa-

rated on the Sepharose-GB column from the radioactive sub-

stances in peak III. These low m.w. compounds were most likely

metabolic products of glucosamine (50). The fractions contain-

ing antigenic Thy-1.2 material with capacity for inducing anti-

Thy-1.2 PFC responses were found only in radioactive peaks I

and II. Thea contained substances greater than 2 x 10‘ daltons

and approximately 3 x 10‘ daltons, respectively. The fractions

in peak I also represented practically all the immunoprecipita-

ble radiolabeled Thy-1.2 found in all column fraction and was

enriched 5-fold in radiolabeled Thy-1.2 compared to unfraction-

atsd culture medium. The lack of antigenicity of column frac-

tions of 27,000 to 35,000 daltons showed that the Thy-1 glyco-

protein monomer (35, 38, 39) was not released.

All the Thy-l amociated countsinthe supernatsntorincells

were not necemarily amociated with just the Thy-1 molecule,

but probably were only a part of a complex containing other

membrane components that also incorporated “C-galactose or

"C-glucosamine. The antigenic Thy-1.2 moiety found in peak

I (which contains 8% radioactivity and little protein) may be

large membrane sheets or liposomes shed by the multiplying

lymphoblastoid cells. Recent electron microscopic studies have

revealed the release of plasma membrane vesicles from tumor

cells (4) and red blood cells (23). and were previously detected

in the release of cell surface immunoglobulin (9). The Thy-1.2

activity found in peak III (6% radioactivity) has a substantial

amount of protein in the fractions, suggesting that the 3 x 10‘

daltons substances may represent aggregates of glycoprotein

containing the Thy-1.2 antigenic moiety, or a breakdown prod-

uct of the high m.w. substances Further biochemical charac-

terization ofthese 'Ihy-l active peaks is presently under inves-

Inconclusion,thessstudiesonthemetabol'nmof‘lhy-1in

lymphoblastoid cells during long term culture have demon-

stratedthatthesemembraneamocistedmoleculeswererapidly
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released into culture medium before any detectable replication

of cells. During further cell incubation Thy-1 was actively

biosynthesised and subsequently released. These molecules in

Thy-1.1 or Thy-1.2 alloantigen states were capable of inducing

mecific PFC response directed against the immunizing Thy-1

allotype on the surface of target thymocytes. The radiolabeled

Thy-1 was released predominantly as a high m.w. macromole-

cule. Functional significance of these events is presently being

investigated to determine the role of Thy-1 regulation of cell-

cell interactions.
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ABSTRACT

Culture media from two lymphoblastoid cell lines Bw 5147 (Thy-

l.l, H-2k) and S.49.l (Thy-1.2, H—Zd) were capable of suppressing

approximately 50% of the primary in vitro anti-SRBC hemolytic plaque

response of Balb/c (Thy-1.2, H-Zd) and AKR (Thy-1.1, H-Zk) spleen

cell cultures. The association of the Thy-1 molecule with the

suppressor factor was suggested when pretreatment of both of these

conditioned media with either anti-Thy-1.1 or anti-Thy—l.2 alloanti-

sera abrogated the modulatory activity. Simultaneous measurement

of primary anti-Thy-l.1 PFC responses by the same Balb/c (Thy—1.2,

H—Zd) spleen cell cultures indicated that only BW 5147 culture medium

could induce a significant anti—Thy-l.l antibody response. In con-

trast to neutralization of suppressor activity by both anti-Thy-l

alloantisera, only anti-Thy-l.l sera adsorption of BW 5147 culture

medium abrogated the anti-Thy-1.l PFC response, while anti-Thy-l.2

sera enhanced it. These results suggested a dissociation between

the antigenic Thy-1 moiety and the suppressive activity detected in

lymphoblastoid culture medium. .

The molecular properties of the suppressor factor and shed Thy—l

were analyzed by column chromatography of culture medium from 3H-

glucosamine radiolabeled S.49.l and BW 5147 cells. The suppressive

activity in culture medium from both tumor cells was found in frac—

tions of high molecular weight (>2 x 106 daltons). Immunoprecipita-

tion techniques and the anti-Thy-l PFC assay were utilized to demon-

strate that in both neOplastic cell lines the Thy-l antigenicity also

resided primarily in large molecular weight complexes of >2 x 106

daltons. Column fractions containing high molecular weight substances
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from BW 5147 or S.49.l culture medium, either by themselves or pre-

treated with anti-Thy—1.l or anti-Thy-l.2 sera were cultivated with

Balb/c spleen cell cultures and gave results similar to those observed

with unfractionated culture medium. Pretreatment of either lympho-

blastoid culture medium with normal mouse serum did not affect this

suppressive activity in anti-SRBC PFC responses nor their ability to

induce specific anti-Thy-l PFC responses. These experiments indicate

that the suppressor activity found in the conditioned medium of these

two lymphoblastoid cells is contained in a high molecular weight

complex that may be associated with the Thy-l antigen.

INTRODUC‘I‘ION

Cell surface components released into their surrounding media by

normal and neoplastic cells have been implicated as soluble regulators

of a variety of immune responses (1—4). Soluble effector molecules

extracted or shed from the membranes of antigen or mitogen activated

T-cells are capable of suppressing or enhancing antibody responses

(5-14). The mechanisms of suppression of antibody responses by

soluble T—cell derived factors are both antigen-specific and non-

specific in nature (5-9,15,l6). The generation of soluble suppressor

factors and their inhibitory mechanisms of action are often encoded

by genes of the major histocompatibility complex (2,6—8,15). Modula-

tion of antibody responses has also been observed in tumor-bearing

animals (4,16-18) and in vitro, when spleen cell cultures were incu-

bated with ascites fluid (18,19) or culture supernatant of neoplastic

cells (20-22). It has been postulated that membrane macromolecules

shed from proliferating tumor cells enhance tumor progression by

providing protection against immune destruction by the host (3).
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The shedding of membrane glycolipids, glycoproteins, lipids and

proteins has been proposed as a common mechanism of elimination for

cell surface constituents during the rapid rate of membrane turnover

observed in various cell types (1,23-27). Our understanding of the

exact nature of shed material and its relation to defined cell

surface antigens or receptors, during release from functional cell

membranes, is still evolving. Shed material from tumor cells and red

blood cells which have been examined by electron microscopy reveal

the presence of membrane vesicles which resemble artificial lipo-

somes (28,29).

We have previously described a modulatory substance that was

released from antigen-stimulated T-cells, which temporarily blocks

the terminal differentiation of B-cells into plasma cells (30,31).

The modulatory activity was found to be associated with a glycolipid

isolated from suppressor culture medium that had properties consis-

tent with GM]- ganglioside. Neutralization of this suppressor activity

by anti-Thy-l and anti-G sera indicated that Thy-1 antigen and GM

M1 1

ganglioside were associated with the shed modulatory T-cell products.

Vitetta et a1. (32) initially observed that Thy-l antigen was

selectively released from unstimulated thymocytes, while H-2 antigens

remained on the cell surface. Recently, we reported that Thy-1.1

and Thy-1.2 alloantigens were shed from BW 5147 and S.49.l lympho-

blastoid cells, respectively (33). Release of Thy-1 antigen was

determined by immunoprecipitation techniques and the use of an in

vitro spleen cell immune response assay (33-36). This assay measures

anti-Thy-l PFC responses specifically induced by and directed to

Thy-l but not other cell surface alloantigens (33-36). Evidence is
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now presented that select components of culture medium from these

lymphoblastoid cells modulate in vitro antibody responses. The

association of Thy-l antigen with this suppressor activity is

discussed.

MATERIALS AND METHODS

Cells for culture and assay. Spleen cells were obtained asepti—

cally from 10 to 16 week old AKR (H-2k, Thy-1.1) male mice and 12—24

week old Balb/c (H-Zd, Thy-1.2) female mice (Jackson Laboratories,

Bar Harbor, ME). Cell suspensions were prepared by gentle aspiration

with a syringe and needles of progressively increasing gauge (21-27)

to obtain a single cell suspension. Spleen cells were washed once

and resuspended in medium CMRL 1066 (Grand Island Biological Co.),

0.15 mM L-aspargine, 2 mM L-glutamine, 1 mM sodium pyruvate, 50 mg/l

gentamicin, and 2-mercaptoethanol at a final concentration of

5 x lO-SM. Spleen cells were cultured in Marbrook culture vessels

in which the cell suspension (1.0 m1) is separated from a medium

reservoir (12.0 ml) by a dialysis membrane (33).

Thymuses used as source of target cells in anti-Thy-l plaque

forming cell assay were excised from 10 to 16 week old AKR/J mice

and dissected free of surrounding fascia. Single cell suspensions

were obtained by mincing the thymuses with forceps followed by suc-

cessive aspiration with syringe and needles. Cells were washed once

(300 x g) and then resuspended in Dulbecco's MEM with 10% FCS medium

(33). Thumus cells obtained this way have viability greater than 95%

by trypan blue exclusion method.

Lymphoblastoid cells and supernatants. Murine lymphoblastoid

cell lines S.49.l (Balb/c, H-2d, Thy-1.2) and BW 5147 (AKR/J, H-Zk,
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Thy-1.1) were obtained from the Salk Institute Cell Distribution Center

(La Jolla, CA). These cells were maintained in Dulbecco's modified

Eagle's medium (D-MEM) (Grand Island Biological Co.) with 10% heat

inactivated FCS (D-MEM/FCS) supplemented with 3.5 g dextrose/1, 3.7 g

NaHC03/1, and penicillin and mycostatin (each agent 100,000 units/l)

and streptomycin (100,000 ug/l). Cell free culture supernatant con-

taining released Thy—l was obtained from cultures of radiolabeled and

unlabeled lymphoblastoid cells at concentrations of 1-2 x 106 cells/ml

by centrifugation (1,600 x g) for 15 minutes at 4°C (33). Supernatants

were used as Thy-l containing immunizing agents for spleen cell cul-

tures and as a source of suppressor factors. Lymphoblastoid culture

medium was concentrated three to five fold on CF—SOA centriflo membrane

cones (Amicon Corp., Lexington, MA) to obtain concentrated fractions

of material >50,000 m.w. following column chromatography.

Antisera. Anti-Thy-l.2 antisera were produced in AKR/J female

mice by injectioncfl5C3H or AKR/Cum thymocytes intraperitoneally

according to the method of Reif and Allen (37). Anti-Thy-l.2 anti-

sera obtained from Litton Bionetics, Inc. (Kensington, MD) was used

in some immunoprecipitation experiments. Anti-Thy-l.1 antisera were

produced in a reverse manner by injecting AKR/J thymocytes into AKR/Cum

or C3H mice. The cytotoxic titers of these pooled antisera varied

with each lot and ranged from 128 to 512 when measured as previously

described (30). The goat anti-rabbit Ig antisera were a gift from

Dr. Ronald J. Patterson (Michigan State University). A final dilution

of 1:40 was used to adsorb out Thy-1 antigenicity and suppressive

activity in lymphoblastoid culture medium for 12-16 hours at 4°C before

addition to spleen cell cultures (33).
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Antigen. Sheep erythrocytes (SRBC) were obtained from a single

animal (Grand Island Biological Co., Grand Island, NY) and were stored

in Alsever solution. Before use, the SRBC were washed three times in

sterile phosphate buffered saline (PBS) and suspended to 1 x 109

cells/ml in spleen cell culture medium.

Hemolytic plaque-forming cell (PFC) assay. Spleen cell suspen—

sions of 2 x 107 viable cells (Viabilities greater than 85%) in 0.2

m1 of spleen cell culture medium were added to 0.8 m1 of lymphoblastoid

culture supernatant and 0.05 ml of SRBC which were placed into the

inner dialysis compartment of the Marbrook vessel. Pooled column

fractions from concentrated lymphoblastoid culture medium (0.5 m1

representing W1.0 ml of unfractionated medium) were added to spleen

cells in 0.5 ml of 2X spleen cell culture medium plus SRBC. Fractions

35-38 and 40-43 or effluent of <50,000 m.w. substances, that passed

through membrane cones in a volume of 0.8 ml, was added to Marbrook

chambers in the same manner as whole culture medium. To control for

the effects of increased concentrations of normal components found in

culture medium following column chromatography, normal unconditioned

medium (D-MEM/FCS) was also fractionated in an identical manner as

lymphoblastoid culture medium and added to spleen cell cultures in

identical quantities. Normal unfractionated D-MEM/FCS (control) was

added to spleen cell cultures in identical quantity (0.8 m1) as

whole lymphoblastoid culture medium. After the spleen cell cultures

were incubated for five days at 37°C in a humid 8% C0 atmosphere,
2

the cells from the inner chamber were aspirated and collected. At the

time of assay, Viabilities and cell concentrations in each experimental

group were measured. There were an average of 2.0—2.5 x 106 viable
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spleen cells remaining in each group after five days of cultivation.

No discernible difference in viability or concentration was detected

when spleen cells were cultured with fresh D—MEM/FCS of lymphoblas—

toid supernatant with or without anti-Thy-l sera. Suspensions from

these spleen cell cultures (0.1 ml) were assayed by the Jerne hemo—

lytic plaque method as modified for use with agarose gel on glass

microscope slides. Details of this procedure are described elsewhere

(38).

PFC (Lymphoblastoid supernatant or ppoled fractions)

PFC (Normal Medium or Control Fractions)

 

% Suppression = x 100

Anti-Thy-l plaque forming cell assay. The procedures for induc-

tion and assay of the in vitro primary anti-Thy-l plaque forming cell

(PFC) response have been previously described in detail (33). The

spleen cells remaining after the assay for anti-SRBC PFC response

were collected into pellets by centrifugation (170 x g ) for 5 minutes

at 4°C. The cell pellets were resuspended in 0.1 ml of the AKR/J

thymocyte suspension containing 2—2.5 x 108 cells/ml (greater than

95% viable) in culture medium. Tubes containing 0.3 m1 of 0.6%

agarose (Induboise, L-Industrie Biologique, Francaise) dissolved in

MEM containing 0.5 mg of DEAE-Dextran/ml (Pharmacia Fine Chemicals,

Piscataway, NJ) were maintained in a 50-53°C water bath. The spleen-

thymocyte cell suspension (20°C) was added to the heated agarose

solution, vortexed, and immediately poured on a microscope slide pre-

viously dipped in a 0.1% agarose solution. After gelation, the slides

were incubated upside down on specially designed slide trays and

enough D-MEM/FCS was added (approximately 1.0 ml) to cover each slide.

The slide trays were incubated for 4 to 4.5 hours at 37°C in a humid
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8% CO2 incubator. Each slide was drained and complement (10% rabbit

serum; 1yophilized rabbit serum, Grand Island Biological Co., in

D-MEM/FCS) was added to cover each slide for incubation of a further

45 minute period. Plaques were determined by a staining technique

(39) in which slides were drained and then stained with 0.2% trypan

blue in 0.15 M phosphate buffered saline, pH 7.2 (PBS) for 20 minutes

at 20°C. Following incubation, slides were rinsed twice with PBS and

placed on trays and covered with PBS until the dark trypan blue

stained plaques were counted under a dissecting microscope adjusted

for diffuse illumination.

Radiolabeling of lymphoblastoid cells. Membrane and cell associ-

ated components of S.49.l and BW 5147 cells were labeled during incu-

bation in medium containing [6-3H(N)]-D-glucosamine-HC1 (New England

Nuclear, Boston, MA). Cells for culture were washed once, then incu-

bated in fresh D—MEM/FCS with only 1000 mg/l glucose plus radiolabel

[6-3H(N)]-D-glucosamine-HC1, 2.0 uCi/ml, 29.0 Ci/mmole at a concentra-

tion of 106 cells/ml in a humid 8% C0 atmosphere at 37°C. After 24
2

hours the cells were washed three times in D-MEM plus 5% FCS and

resuspended in complete culture medium at a concentration 8 x 105

cells/ml in roller bottles containing 250 m1 of the radiolabeled cell

suspension. At the end of the 40 hour incubation period, cultures

were removed from the incubator and viable cell counts were determined.

Viabilities were greater than 95% and the concentration of cells had

doubled during 24.5 hours of incubation. Culture medium was separated

from cells by centrifugation (160 x g) for 10 minutes.

Immunoprecipitation of cell-free culture medium and column

fractions. Radiolabeled lymphoblastoid culture medium (5.0 ml) or
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pooled column fractions (4.0 ml) were processed by a double antibody

immunOprecipitation technique described previously (33). These sus-

pensions were first clarified by non-specific immunoprecipitation

with normal rabbit serum (NRS) and goat anti-rabbit 19. The culture

medium and column fractions were then treated for 1 hour at 37°C with

10 ul of anti-Thy-1.l or anti-Thy-l.2 sera for each milliliter of

sample. Excess goat anti-mouse IgG (Meloy Lab) was added and the

mixture was incubated at 37°C for 1 hour then overnight at 4°C,

solubilized in 0.2 m1 of a 5% sodium dodecyl sulfate solution, and

counted in 10 m1 of scintillation fluid. The radioactivity in Thy-1.2

alloantigen was expressed: Thy-1.2 associated CPM = CPM anti—Thy-l.2

precipitate - CPM anti-Thy-1.1. Thy-1.1 associated radioactivity

(CPM) = CPM anti-Thy-1.1 precipitate-CPM anti-Thy-1.2 precipitate.

Pooled fractions Thy-l assoc. CPM

100

Total fractions Thy-1 assoc. CPM x

 

% Thy-l immunoprecipitated =

Repeated immunoprecipitation of several culture medium samples with

anti-Thy-l.2 or anti-Thy-1.1 by the above procedure did not yield

higher CPM than control precipitates, suggesting that all of the

labeled Thy—1 material was previously precipitated.

Gel filtration of radiolabeled lymphoblastoid-cell culture

supernatant. The 3H—glucosamine labeled S.49.l and BW 5147 cell-free

culture supernatants were fractionated by gel filtration over a

Sepharose-6B column (Pharmacia Fine Chemicals, Piscataway, NJ). The

Sepharose-GB column (1.5 x 60 cm) was equilibrated and run with PBS

(pH 7.2) and was calibrated using the following molecular weight

markers: 1) blue dextran (>2 x 106 daltons), 2) sheep IgM (900,000

daltons), 3) sheep IgG (160,000 daltons), 4) bovine serum albumin

(67,000 daltons), 5) soybean trypsin inhibitor (23,000 daltons) and
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6) [6-3H(N)]-D-glucosamine—HC1 (216 daltons). The molecular weight

of identified fractions was determined as described by Reiland (40).

Seven milliliter samples of untreated or concentrated culture medium

were applied to the column and pooled 2.1 m1 fractions were tested

for: their ability to induce a primary anti-Thy-l PFC response,

immunoprecipitation with anti-Thy-l sera, and ability to suppress

hemolytic PFC responses.

RESULTS

Culture medium from S.49.l (Thy-1.2, H-Zd) and BW 5147 (Thy-1.1,

K-Zk) T-lymphoblastoid cells were tested for their ability to suppress

primary in vitro anti-SRBC PFC responses of AKR/J (Thy-1.1, H-2k)

and Balb/c (Thy-1.2, H-Zd) spleen cells (Table I). Cultivation of

AKR/J spleen cells with either S.49.l or BW 5147 culture medium for

five days in Marbrook chambers with SRBC as test antigen reduced the

control mean PFC response (4547) in culture to 2610 and 2072 PFC/

culture, respectively. S.49.l and BW 5147 lymphoblastoid supernatant

suppressed the normal Balb/c spleen cell PFC response (2875) to a

similar degree of approximately 50% to 1417 PFC/culture and 1355 PFC/

culture. Lymphoblastoid culture medium had no effect on either Balb/c

or AKR/J spleen cell Viabilities during the five day cultivation period.

Since we have previously demonstrated that Thy-l was shed from

these tumor cells (33) and that this released material from antigen—

activated suppressor T-cells could modulate in vitro antibody responses

(30,31), we decided to test the lymphoblastoid culture medium for the

presence of a modulatory effect associated with Thy-l (Table II).

S.49.l and BW 5147 culture media were incubated with anti-Thy-l sera

for 12-16 hours at 4°C before addition to Balb/c spleen cell cultures.



71

TABLE I

MODULATION OF ANTI-SRBC RESPONSE BY T-LYMPHOBLASTOID CULTURE MEDIUM

 

 

a CULTURE ANTI-SRBC RESPONSE

SPLEEN CELLS MEDIUM PFC/CULTURE

b d
AKR/J (1.1) --- 4547 :_245

AKR/J 5.49.1 (1.2)C 2610 :_270

AKR/J BW 5147 (1.1) 2072 :_234

BALE/c (1.2) ——- 2875 :_244

BALE/c S.49.l (1.2) 1417 :_149

BALE/c BW 5147 (1.1) 1355 + 97

 

aSpleen cell cultures with 2 x 107 cells in 0.2 ml medium were treated

with 0.8 ml of lymphoblastoid culture medium and 0.05 ml of a 1.5%

SRBC solution in spleen cell culture medium.

bNo addition of lymphoblastoid culture medium.

CThy-1 allotype in parentheses.

dMeans :_standard errors of six cultures per group.
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TABLE II

ADSORPTION OF MODULATORY EFFECT BY ANTI-THY-l SERA

 

ANTI-THY-1.l

 

a ANTI-SRBC RESPONSE

CULTURE C RESPONSE PFC/107 CELLS

MEDIUM TREATED WITH PFC/CULTURE (AKR TARGET CELLS)

1. NORMAL ---d 1617 :144e ----f

b e

2. 5.49.1 (1.2) --- 54o :_ 90 14 :_ 8.3

3. BW 5147 (1.1) --— 641 :_ 81 196 :_34.1

4. NORMAL Anti-Thy-1.2 1519 :_ 73 ---

5. S.49.l (1.2) Anti—Thy-1.2 1218 :_179 ---

6. 5.49.1 (1.2) Anti-Thy-1.1 1871 i 269 ---

7. BW 5147 (1.1) Anti—Thy-1.2 1392 :_153 409 i.35-2

8. BW 5147 (1.1) Anti-Thy-1.1 1706 :_256 4 :_ 1.1

9. BW 5147 (1.1) NO SRBC 79 + 8 198 + 36.6

 

aBALB/c spleen cell cultures with 2 x 107 cells in 0.2 ml medium were

treated with 0.8 m1 of lymphoblastoid culture medium and 0.05 ml of

1.5% SRBC in culture per group. Each culture was simultaneously

tested for anti-SRBC and anti-Thy-l.1 PFC responses.

bThy-1 allotype in parentheses.

cCulture medium was pretreated with the respective antisera (final

dilution 1:40) for 12-16 hours at 4°C before addition to spleen cell

cultures.

dNo additions.

e .

Means :_standard errors of Six cultures per group.

fNOT DONE (These controls have been done previously, with no induc-

tion of PFC).
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Addition of anti-Thy-l.2 (fourth group) or anti-Thy-l.1 sera (not

shown) to normal (unconditioned) culture medium had no significant

effect on the mean normal (group I) PFC response (1617 vs 1519 PFC/

culture) or on cell viability. Pretreatment of S.49.l supernatant

with either anti-Thy-1.2 or anti-Thy-1.1 sera abrogated the suppres-

sive effects of this culture medium (540 PFC/culture, group 2), return-

ing the PFC responses to 1218 and 1871 PFC/culture (groups 5 and 6,

respectively). Adsorption of BW 5147 culture medium with anti-Thy-1.2

and anti-Thy-l.l sera also removed the inhibitory activity allowing

the induction of a normal anti-SRBC PFC response (groups 7 and 8,

respectively). Addition of AKR/J or C3H normal mouse serum to

lymphoblastoid culture medium had no effect on the modulatory activity

(not shown). Taken together these results suggest that conditioned

medium from lymphoblastoid cultures contains a Thy—1 associated

suppressor complex.

To demonstrate the presence of the Thy-1.1 antigenic moiety in

lymphoblastoid culture medium and the specificity of anti-Thy—l allo-

antiserum, the in vitro anti-Thy-l plaque forming cell assay was used

(33-36). Specificity of this assay for the Thy-1 allotype present

in immunizing culture medium and on the surface of Thy-1 bearing thymo-

cytes (target cells) has been described (33-36). The same spleen cells

assayed for anti-SRBC PFC responses were tested for anti—Thy-1.1 PFC

responses. Thy-1 specificity was demonstrated when only BW 5147

culture medium (group 3) and not S.49.l culture medium (group 2) could

induce a significant anti-Thy-1.1 PFC response (196 vs 14 PFC/107

cells). Pretreatment of BW 5147 culture medium with anti-Thy-l.l sera

(group 8) completely abrogated the normal anti-Thy-1.1 PFC response
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of 196 PFC/107 cells to 4 PFC/107 cells. Anti-Thy-1.2 sera, on the

other hand, did not prevent the induction of Thy-1.1 PFC responses

but, in fact, in this experiment significantly enhanced the response

to 409 PFC/107 (group 7). To determine if the presence of SRBC

affected the anti-Thy-1.1 response, a control group was set up in

which SRBC were not added to cultures containing BW 5147 supernatant

(group 9). The lack of SRBC did not affect anti-Thy—1.l PFC response.

The specificity of anti-Thy-1.l PFC responses, coupled with observa-

tion of anti-Thy-l sera directed against either Thy-1 allotype

neutralizes the suppressive activity in BW 5147 or S.49.l medium,

suggests that the Thy-1 antigenic moiety is separate but closely

associated with the suppressive factor.

Culture medium from 40 hour cultures of 3H-glucosamine labeled

Bw 5147 and S.49.l cells were fractionated on a Sepharose-6B column

to separate released Thy-1 associated complexes and suppressor factors

of antibody responses (Figure 1). Selected cOlumn fractions (15-18,

20-23,25-28,30—33,35-38,40—43) were pooled and tested for the presence

of radiolabeled Thy-1 by immunoprecipitation with anti-Thy-1.1 and

anti-Thy-l.2 alloantisera (Figure l-A). Pooled fractions 15-18 from

BW 5147 lymphoblastoid culture medium accounted for 94.0% of anti-

Thy-1.1 immunoprecipitable counts found in all the fractions tested.

Similarly, fractions 15-18 of S.49.l supernatant contained 95.2% of

all the radiolabeled Thy-1.2 precipitable counts as previously

observed (33). Fractions 20-23, and 25-28 from both cell types con-

‘tained very low levels (2-3%) of precipitable counts. A ten-fold

enrichment of Thy-1 immunoprecipitable counts was found in fractions

15-18 compared to those found in whole medium. Counts in these higher
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Figure 1. Sepharose-6B fractionation of supernatants from

3H-glucosamine-labeled S.49.l and BW 5147 cells cultured for 40

hours in fresh medium. A. Results from anti-Thy-l immunoprecipi-

tation of radiolabeled Thy-1.1 or Thy-1.2 in BW 5147 and S.49.l

culture medium, respectively. B. Suppression of anti-SRBC PFC

responses by pooled fractions of lymphoblastoid supernatant.

Percent suppression represents: the amount of modulation of

normal PFC response (culture containing Sepharose-6B fractions

of unconditioned culture medium) compared to cultures containing

identical fractions of either BW 5147 or S.49.l supernatant.

Data presented are pooled from three experiments. C. Absorbance

at 280 nm ( ) and CPM/fraction (O———O———O) were measured for

each fraction. Striped bars represent an average of the total

number of anti-Thy-l PFC induced by the fractions tested in 2 to

3 experiments. Non-specific control PFC were subtracted from the

values presented in this figure. Molecular weight standards

used to calibrate this column were: (a) blue dextran (>2 x 10

daltons), (b) sheep IgM (900,000 daltons), (c) sheep 196 (160,000

daltons), (d) bovine serum albumin (67,000 daltons), (e) soybean

trypsin inhibitor (23,000 daltons), and (f) [1-14C1-D-glucosamine-

HCl (216 daltons).
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molecular weight fractions of S.49.l and Bw 5147 culture medium repre-

sented 59.5% and 42.1% of the control counts found in unfractionated

medium, respectively.

These same pooled fractions were examined for capacity to sup-

press in vitro anti-SRBC responses (Figure l—B). Significant suppres-

sion of the anti-SRBC PFC response was only elicited by fractions

15—18 from both S.49.l and BW 5147 culture medium. The normal response

derived from cultures containing equal quantities of fractionated

unconditioned medium was reduced by an average of 39.2% and 38.7%

(p<0.001 using the Student's t-test), respectively. Although some

detectable suppressive activity was demonstrated in fractions 25—28

and 30—33 the degree of suppression was not statistically (p<0.05)

significant.

Column fractions from supernatant of 3H-glucosamine labeled BW 5147

cells were tested for radioactivity, absorbance (280 nm) and ability

to induce anti-Thy-1.1 PFC responses (Figure l-C). Major peaks of

absorbance were detected in fractions 30-38 and 42-48, which co-

chromatographed with bovine serum albumin and free amino acids,

respectively. Three major peaks of radioactivity were found at frac-

tions 15-18 (I), 30-35 (II), and 39-45 (III). The first peak of

radioactivity occurred at the void volume, indicating material of

:modecular weight greater than 2 x 106 daltons was released. Peak II

contained radiolabeled molecules between 67,000 and 160,000 daltons.

Peak III consisted of metabolic products of 3H-glucosamine (33) and

some protein or small peptides which were of low molecular weight,

.approximately 0.5-5 x 103 daltons. Only two groups of the fractions

(examined could induce a significant anti-Thy-1.1 PFC response. Pooled

:fractions 15-18 from peak I were capable of inducing a total of 584
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anti—Thy—l.1 plaques while fractions 25—28 induced 108 plaques.

Shed Thy-1.1 complexes were therefore primarily of high molecular

weight >2 x 106 daltons with a small quantity of material estimated

to be 3 x 105 daltons. S.49.l (Thy-1.2) culture medium has been

examined in an identical manner (33) and most of the antigenic Thy-1.2

material was of high molecular weight greater than 2 x 106 daltons.

These data indicate that the suppressive activity and Thy-1 antigenic

complex released from both lymphoblastoid cells were retained in

molecular mixtures greater than two million daltons.

Further verification of the association of Thy-1 antigenicity

with modulatory activity results from adsorption of peak I (15-18)

fractions with anti-Thy-l sera (Table III). The mean control anti-

SRBC PFC response (3154 PFC/culture) was reduced by the high molecular

weight fractions of BW 5147 and S.49.l culture medium, to 2186 and

1870 PFC/culture (difference between groups 1 vs 2 or 3 p<0.01).

respectively. Anti-SRBC responses from spleen cell cultures incubated

with peak I fraction of normal medium were practically identical to

those incubated with only spleen cell culture medium (not presented).

Pretreatment of lymphoblastoid peak I fractions (groups 4 and 5) with

AKR/J or C3H normal mouse sera did not affect the suppressive activity.

Adsorption of peak I material from both S.49.l or BW 5147 culture

with either anti-Thy-l.l or anti-Thy-l.2 antibodies (group 6-9)

resulted in the neutralization of modulatory effects on anti-SRBC PFC

responses. BW 5147 peak I material induced a mean 336 PFC/107 cells

anti-Thy-l.l response compared to 40 PFC from S.49.l peak I fractions.

C3H normal mouse serum as expected did not influence the anti-Thy-l.1

PFC response. Anti-Thy-1.l pretreatment of BW 5147 peak I substances

reduced the anti-Thy-l.l PFC response to background levels (45 PFC/107
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TABLE III

SUPPRESSION OF ANTIBODY RESPONSE AND INDUCTION OF ANTI-THY-l.l

RESPONSES INDUCED BY PEAK I OF CULTURE MEDIUM

 

ANTI-THY-l.l

 

CULTUREa ANTI-SRBC RESPONSE

FRACTION RESPONSE PFC/107 CELLS

PEAK I TREATED WITHC PFC/CULTURE (AKR TARGET CELLS)

d e f

1. NORMAL MEDIUM --- 3154 :_162 ---

b e

2. 5.49.1 (1.2) --- 2186 :_ 96 40 :_10.4

3. BW 5147 (1.1) --- 1870 i 148 336 i 48.0

4. 8.49.1 (1.2) AKR/J NMS 2288 :_139 -——

5. BW 5147 (1.1) C3H NMS 1978 :_147 293 :_36.5

6. 5.49.1 (1.2) Anti-Thy—1.2 3078 :_218 -—-

7. BW 5147 (1.1) Anti-Thy-l.2 3352 :_299 303 :_52.1

8. 5.49.1 (1.2) Anti-Thy-1.l 3178 :_241 ---

9. BW 5147 (1.1) Anti-Thy-1.l 3030 :_284 45 + 13.3

 

aPeak I from Sepharose-6B columns from the indicated normal or lympho-

blastoid culture medium was added to BALB/c spleen cell cultures with

2 x 107 cells (see Methods). Each culture was tested for both anti-

SRBC and anti-Thy-1.1 responses.

bThy-1 allotype in parentheses.

CAntisera and NMS were added in same manner as Table II.

dNo addition.

eMeans :_standard errors of 5-6 cultures per group.

fNot done.
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cells). However, BW 5147 peak I induction of PFC response remained

unaffected following adsorption with anti—Thy-1.2 antibodies. These

data support the previous results suggesting again a close but dis-

tinct association between the moieties of a high molecular weight

complex which contain Thy-1 antigenicity and suppressor activity.

DISCUSSION

Although depressed antibody responses and other aberrations of

the immune response have been repeatedly reported in tumor-bearing

animals (3,4,17,18), thenechanimmsof these immune dysfunctions are

still not understood. Immunosuppressive soluble factors have been

characterized in the serum and ascites fluid in a variety of tumor-

bearing animals (3,4,17-22). Alexander has proposed that shedding of

soluble tumor specific antigens from proliferating neoplastic cells

interferes with humoral and cellular immune responses, thus providing

an escape mechanism from immune surveillance of the host (3). Several

researchers have correlated a high level of soluble tumor associated

antigens in the tissue surrounding the tumor and in their serum with

increased metastasis and a concomitant reduction in immunological

response directed against the growing tumor (3,4,17,41,42).

In this report, significant depression of in vitro anti-SRBC

plaque forming response was demonstrated by incubation of culture

lnedium from two different T-lymphoblastoid cells with murine spleen

cell cultures. The degree of suppression of primary antibody responses

(mas nearly equal for both S.49.l (Thy-1.2, H-Zd) and BW 5147 (Thy-1.1,

IL—Zk) conditioned medium whether added to Balb/c (H—Zd) or AKR (H-Zk)

:spleen cell cultures (Table I). This result suggested that compati~

Idility between the released suppressor factor and spleen cells was not
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required for modulation of PFC responses to occur. Similar observa-

tions of suppression of in vitro antibody responses by tumor ascites

fluid or culture medium from neoplastic cells have been observed.

Kamo et al. (19) demonstrated that a marked suppression of in vitro

anti-SRBC PFC responses was induced by incubation of syngeneic spleen

cells with ascites fluid or solubilized cell-free homogenates from

murine mastocytoma cells. Recently, Huget et al. (21) and Fridman

et a1. (22) demonstrated that in vitro primary antibody responses to

SRBC were suppressed by more than 75% following addition of culture

supernatants from L1210 mouse lymphoma cells or L-5178—Y mouse thymoma

cells, respectively.

Suppressive activity found in both S.49.l and BW 5147 culture

supernatant was abrogated by anti-Thy-l.l or anti-Thy—l.2 alloanti-

sera suggesting that the suppressor molecule may be associated with

the Thy-1 antigenic molecule. Thy—1 associated complexes have been

PIGViOUSIY reported to be shed from these same tumor cells (33) .

Since both anti-Thy-l alloantisera were effective in neutralizing

suppressive activity it was possible that these antisera were reactive

with released products other than shed Thy-l molecules. However, when

more dilute anti-Thy-l sera were used the removal of suppressor

activity was not complete, but anti-Thy-l sera were more reactive in

removing suppressor activity from culture medium containing the com-

plementary Thy-l allotype. To demonstrate the presence of shed Thy-1

in lymphoblastoid culture medium and the specificity of anti-Thy-l

alloantisera the in vitro anti-Thy-l PFC plaque assay was performed,

using the same spleen cell cultures tested for anti-SRBC PFC responses.

Specificity of these anti-Thy-l sera was demonstrated when only anti-

'Thyh1.l and not anti-Thy-l.2 sera could abrogate the induction of
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anti—Thy-l.l PFC responses by BW 5147 (Thy-1.1) culture medium in

Balb/c spleen cell cultures. The mechanism by which anti-Thy—l sera

neutralizes suppressive activity or abrogates induction of Thy-l

responses would likely be caused by direct binding to the functional

or antigenic portion of the suppressor factor or Thy-1 molecule,

respectively, thus masking this site and preventing its interaction

with its complementary lymphocyte receptors.

Fractionation of lymphoblastoid culture medium on a Sepharose-

68 column was performed in an attempt to dissociate the suppressive

activity from the Thy-1 antigenic activity. Significant suppression

of anti-SRBC responses was only observed when pooled column fractions

containing shed material greater than 2 x 106 daltons (from either

S.49.l or BW 5147 supernatant) were incubated with spleen cell cul-

tures from the beginning of cultivation to time of assay five days

later. Normal unconditioned culture medium was also fractionated

over the same column and used in identical quantities as lymphoblastoid

supernatant when added to spleen cell cultures. This was done to

control for non-specific effects on PFC responses by increased con-

centrations of normal culture medium components.

Evidence has been presented for the protein (43), glycoprotein

(44-46) and glycolipid (30,47-50) nature of the Thy-1 antigen. Although

the exact biochemical composition of the Thy—l antigenic molecule

remains unclear, there appears to be agreement that carbohydrate

:molecules are an integral part of this molecule (44-50). Therefore,

lymphoblastoid cells were cultured with 3H-glucosamine to radiolabel

the carbohydrate portion of the Thy-l molecule and other cellular

glycoproteins and glycolipids (33,37,47,51). The presence of radio-

labeled Thy—1.l and Thy-1.2 antigenic moieties in BW 5147 and S.49.l
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culture medium were determined by specific immunoprecipitation.

Radiolabeled Thy-1.1 or Thy-1.2 were only detected in the high molecu-

lar weight fractions. Shed material from BW 5147 cells consisting of

substances greater than two million molecular weight and to a lesser

extent substances of approximately 300,000 daltons had the ability to

induce anti-Thy—1.1 PFC responses. This result is similar to that

previously observed for S.49.l cells (33). Recently, Kuchel et al.

(53) reported that rat thymus Thy-1.1 glyCOprotein formed large

homogeneous complexes of 300,000 m.w. when deoxycholate was removed

from solubilized Thy-1.1 molecules. However, Zwerner et a1. (54)

have isolated a 25,000 m.w. glycoprotein from BW 5147 lymphoblastoid

cells which is capable of absorbing the cytotoxic activity of congenic

and heterologous anti-Thy-l.l sera. Comparison of properties of the

suppressor factor and complexes containing Thy—l antigen which are

both shed from BW 5147 and S.49.l cells suggests that both cells have

similar mechanisms of release for these substances. In addition, the

fact that the suppressive activity and Thy-1 antigenicity were found

predominantly in high molecular weight substances suggests that these

molecules are released as membrane complexes.

Preliminary biochemical characterization of Peak I fractions

and anti-Thy-l immunoprecipitates of culture medium from S.49.l and

BW 5147 cells labeled with radioactive protein, carbohydrate and lipid

precursors on SDS-PAGE has demonstrated the presence of at least four

proteins or glyCOproteins plus phospholipids and glycolipids (52).

This observation indicates that the Thy-1 antigen and suppressor

factor may be derived from the same macromolecule, which is complex

in nature and has all the necessary components representative of a

shed membrane fragment. Recent electron microscopic examination of
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shed material from murine mammary tumor virus infected tumor cells

and ATP depleted human erythrocytes demonstrated that membrane vesicles

resembling liposomes were released into the culture medium, containing

several cell surface components (28,29).

The presence of Thy-1 associated complex and suppressor factor(s)

in culture medium after 40 hours of incubation is primarily a dynamic

metabolic process. The lymphoblastoid cells were greater than 95%

viable during the entire cultivation period and had doubled in popu-

lation after 24 hours. Active biosynthesis and release of radiolabeled

Thy-1 was demonstrated in a previous report (33). Therefore, the

appearance of suppressor factor or Thy-l complexes was due to an

active metabolic process and their presence in culture medium by cell

disintegration was minimal in our culture system.

A partially purified preparation containing both modulatory

factor and Thy-l antigenic macromolecules was tested for its ability

to simultaneously suppress anti-SRBC PFC responses and induce specific

anti-Thy-1.l PFC responses. In these experiments suppressive activity

was abrogated by both anti-Thy-l alloantisera, while anti-Thy-l.1

PFC responses were selectively neutralized by anti-Thy-1.1 sera pre-

treatment of BW 5147 culture medium, verifying earlier results using

unfractionated culture media. The inability of AKR or C3H normal

mouse sera to abrogate suppressor activity in these experiments indi-

cates that anti-Thy-l sera selectively reacts with the suppressor

substance to eliminate its biological function. Furthermore, this

observation and the ability of partially purified high molecular

‘weight substances to suppress antibody responses in the presence of

fresh culture medium strongly argues against the possibility that

exhaustion of essential nutrients caused suppression. Whole culture
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medium and high molecular weight fractions did not demonstrate any

cytotoxic effects as evidenced by the similar population size and

viability of spleen cells after five days of cultivation.

Identification and characterization of factors produced by

tumors, which inhibit antibody responses, has received limited inves-

tigations. Virus encoded products from murine leukemia virus infected

tumor cells have been shown to impair humoral responses (16,55). Kamo

et al. (19,56) identified a soluble suppressor factor which was

greater than 12,000 m.w. and heat sensitive at 56°C for 30 minutes.

Immune responsiveness could be restored to suppressed spleen cell

cultures by addition of SRBC stimulated T-cells, suggesting to these

investigators that helper T-cells were being affected. Huget et a1.

(21) determined that the suppression of PFC responses was caused in

part by a direct cytotoxic effect on lymphocytes and macrophages from

a heat labile non-dialyzable substance(s). Preincubation of spleen

cells for one hour with 20% L1210 lymphoma culture medium suppressed

greater than 95% of antibody response, which suggested to these

authors that non-proliferating T-cells were the target cell (21).

The L-5178-Y thymoma-suppressor factor was absorbed by IgG coated

sepharose columns and its suppressive activity was found in 300,000

and 140,000 substances (57). A similar suppressor factor termed

immunoglobulin binding factor (IBF) was previously reported by

Fridman et al. (5) to be released from alloantigen activated T-cells.

‘This factor binds to the Fc portion of IgG and suppresses direct PFC

responses to SRBC and T independent antigens. This lymphoma suppres-

sor factor was most inhibitory to production of PFC responses when

added late to spleen cultures, suggesting IBF may act on the final

<differentiation steps of antigen stimulated precursor cells to plasma
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cells (22,57). Demonstration that the IBF factor was released by

lymphoma cells and antigen stimulated T-cells suggests that some

tumor cells have similar functions as normal cells.

The relationship between the suppressive activity and the Thy-l

antigenic moiety has not been resolved. The observation that only

anti-Thy-l.1 alloantisera abrogated anti-Thy-l.l PFC responses while

both anti-Thy-1.1 and anti-Thy-l.2 abrogate the modulatory activity

in either S.49.l or BW 5147 culture medium suggests that a molecule

other than the Thy-1.2 or Thy-1.1 antigenic moieties on shed sub-

stances embodies the suppressor activity. Since both anti-Thy-l

alloantisera equally eliminate suppression by shed material of either

cell type, there must be a substance (presumably antibodies) in both

antisera that can react with the suppressor factor from either cell.

To explain the production of such antibodies in mice injected with

thymocytes from a strain of histocompatible mice (AKR and C3H are

both H-2k) would suggest this method produces antibodies that were

cross-reactive with the suppressor factor and Thy-l molecules, which

are encoded by genes within the H-2 complex. It is also possible that

other antibodies were produced with different specificites directed

against molecules encoded by genes outside the H-2 region which may

react with the suppressor factor such as the M locus differences

between these strains. The Thy-l antigenic moiety may not represent

just a single determinant but a complex molecule having several dif-

ferent structures associated with it. There is strong evidence that

Thy-l antigenicity is retained on both glyCOproteins {44-46) and

glycolipids (47-50) while the necessity of lipid moieties for anti-

genic integrity has also been demonstrated (45). Several researchers

have observed three different antigenic specificites on the same Thy-l
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molecule using xenogeneic, and allogenic and congenic anti-Thy-l

sera (45,46,58). The gene(s) which encodes for the Thy-1 molecule

may also determine the modulatory activity or be linked to genes

that do. The genes that regulate anti-Thy-l responses may simul-

taneously regulate anti-suppressor factor activity, thus inducing

anti-Thy-l and anti-suppressor factor antibodies simultaneously.

Zaleski and Klein have demonstrated there are at least two genes

that regulate the anti-Thy-l response one found inside the H-2

region, the other gene is outside the H-2 complex and postulate

Thy-1 is recognized in association with H-2 antigens (36). Based

on these proposals, a suppressor factor with identical or similar

composition could exist on each lymphoblastoid cell and be equally

reactive with both anti-Thy—1.2 and anti-Thy-l.l alloantisera. If

the carbohydrate moiety of Thy-1 is the antigenic portion, as several

researchers have suggested (44,47-49,59,60), then the possibility of

a common backbone for Thy-1.1 and Thy-1.2 antigen or a molecule closely

associated with Thy-1 antigenic moiety could elicit antibody responses

not only against the Thy-1 antigenic moiety but also against those

structures intimately associated with Thy-l (such as the modulatory

factor). In addition, exhaustively absorbed rabbit anti-BA-Thy-l

cannot distinguish between the two Thy-1 allotypes and lyses thymo-

cytes of either Thy-l allotype in the presence of complement, suggest-

ing that there is a common structure present in both Thy-1.1 and Thy-

1.2 antigens or on both these thymocyte cell surfaces (61).

Previous studies in our laboratory demonstrated the intimate

association between Thy-l antigenicity and suppressor activity found

in antigen-activated T—cell culture medium and in GMl ganglioside

(formulated in cholesterol-lecithin liposomes) extracted from this
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medium or from mouse brain (30,31). Although these modulatory factors

were reactive with and neutralized by only anti-Thy-l sera directed

against the Thy-1 allotype they carried, there has been cross-

reactivity observed in binding assays such as hapten inhibition (30).

The mechanism by which lymphoblastoid culture supernatant suppresses

anti-SRBC is still being investigated. The apparent close associa-

tion of the Thy-l molecule with the suppressor factor suggests that

the mechanism of suppression of antibody responses may be similar to

that observed with Thy-1 associated modulatory factors (30,31). These

factors delay the appearance of the normal anti-SRBC response by

temporarily inhibiting the final stages of B—cell differentiation

into plasma cells.

Speculation as to the role for Thy-l released from a growing

lymphoma in vivo may be the modulation of antibody responses directed

against the tumor, similar in manner as observed in in vitro modula-

tion of anti-SRBC responses (30,31). Gordon et al. (62) found a tumor

specific transplantation antigen on the surface of murine lymphoma

cells and in ascites fluid capable of absorbing anti-Thy-l.2 cyto—

toxic capacity against Thy-l.2 bearing thymocytes. This isolated

antigen was greater than 2 x 105 daltons and probably represented an

altered form of Thy-1. When injected in vivo, this substance could

prolong survival of mice, which later received a tumor challenge,

presumably by immunizing mice against this tumor associated antigen

(62). We have also found that coating S49A tumor cells (in vivo

tumor from which S.49.l was derived) with rabbit anti-BA-Thy-l prior

to challenge, or injecting this antiserum into the vicinity of tumor

growth within two days after tumor challenge, would prevent tumor
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growth in the great majority of challenged mice (manuscript in

preparation).

In summary, these studies on the modulation of antibody responses

by conditioned media from T-lymphoblastoid cells demonstrated that

these cells shed high molecular weight complexes which contain sup-

pressor activity and the Thy-l antigen. The association between

modulatory activity and the Thy-l antigenicity was investigated by

pretreatment of lymphoblastoid culture supernatant with anti-Thy-l.l

and anti-Thy-l.2 sera, resulting in the abrogation of suppressor

activity (irrespective of Thy-1 allotype), but specific neutraliza-

tion of anti-Thy-l PFC responses. The evidence presented in this

report suggests that the suppressor factor is represented on a por-

tion of the Thy-1 molecule distinct from the Thy-1 antigenic moiety

or on an independent structure closely associated with it. Biologi-

cal significance of these events is presently being investigated to

determine the role of these shed Thy-1 associated complexes in immune

surveillance of tumor growth.
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Introduction
 

The composition of macromolecules and membrane complexes which

are released from normal and neoplastic cells has only been par—

tially characterized. Previous research has focused on the isolation

of membrane-associated constituents, like glycoprotein, glycolipids,

protein, or lipids, from culture medium or serum of tumor bearing

mice (1). The exact nature of material which is shed from the

membrane is still open to investigation. Recent models of shedding

suggest that a pinching off of microvilli precedes the release of

this membrane material into the surrounding medium (1-3). Shed

substances are believed to contain lipid bilayer complexes and

select membrane constituents together in the form of liposomes (1-3).

This proposal has been supported by recent electron microscopic

studies of shed material from tumor cells (4) and human erythro-

cytes (5).

Studies on metabolism of the cell surface component Thy-l

antigen have demonstrated that this molecule is rapidly released

from unstimulated thymocytes (3). Vitetta et al. (3,6) reported

that the nature of the Thy-l antigenic molecule was a 3H-galactose-

labeled substance of 35,000 m.w. However, the exact nature of the

Thy-l antigenic molecule remains unresolved; as evidence for its

protein (7), glycoprotein (8-10), glycolipid (3,6,11-14) properties

have been reported. In this communication a further biochemical

characterization of the soluble complexes shed from S.49.l and BW

5147 lymphoblastoid cells is reported. Incorporation of radio-

labeled precursors of protein, glycoprotein, glycolipid and lipid

into these shed complexes was used to determine their composition.

The individual components were analyzed by sodium dodecyl sulfate
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polyacrylamide gel electrophoresis. Results from these studies

suggested that high molecular weight shed substances were hetero-

geneous in composition and a glycolipid and/or glycoprotein

(m53,000 daltons) may contain the Thy-l antigenic moiety. Further

verification of the glycoprotein and/or glycolipid nature of shed

Thy-1 were found in deoxycholate column chromatography and anti-GM
l

ganglioside adsorption of lymphoblastoid culture medium.

Materials and Methods
 

Cells and Media. AKR (Thy-1.1, H—Zk) and CBA (Thy-1.2, H-2d)
 

mice 8-16 weeks of age were obtained from Jackson Laboratories

(Bar Harbor, ME). Spleens and thymuses were obtained aseptically

from mice for culture in Marbrook culture vessels. Preparation of

cell suspensions and culture medium was described in detail in a

previous article (15).

Lymphoblastoid Cells and Supernatants. Murine lymphoblastoid cell

lines S.49.l (Thy-1.2, H-2d) and BW 5147 (Thy-1.1, H-Zk) were

cultured in Dulbecco's modified Eagle's medium (D-MEM) supplemented

with 10% heat inactivated fetal calf serum (FCS) and antibiotics

(D-MEM/FCS). A complete description of the culture medium and

manner of collection or concentration of culture medium is explained

fully in previous articles (15,16).

Antisera. The preparation and titers of anti-Thy-l.2 and anti-Thy-

l.l alloantisera and goat anti-rabbit Ig sera have been described

in previous articles (15,16). Anti—GM1 ganglioside sera were pre-

pared as previously described (12). Dutch Belt rabbits were

injected with purified C3H mouse brain ganglioside containing
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100-500 ug of ganglioside dissolved in 1 ml of 0.1M NaCl contain-

ing 1 mg of bovine serum albumin. This solution was emulsified

in Freund's complete adjuvant and injected in six subcutaneous

sites. Two to three injections 1 month apart usually resulted in

antisera reactive with primarily GMl ganglioside and to a lesser

extent GDlB ganglios1de (12).

Radiolabeling of Lymphoblastoid Cells. Membrane and cell associated
 

components of S.49.l and BW 5147 cells were labeled during incuba-

tion in D-MEM/FCS with 1000 mg/l of glucose instead of 4500 mg/l

plus [6-3H(N)]-D-g1ucosamine-HC1 (29.0 Ci/mmole) or (1-14C)-D-

glucosamine-HGl (51.8 mCi/mmole) for 24 hours (New England Nuclear,

Boston, MA). S.49.l cells were labeled with [4,5-3H]-L-leucine

(15 Ci/mmole) (NEN) in leucine-free D—MEM/FCS for 10 hours. S.49.l

cells were labeled with [methyl-3H]-choline chloride (13 Ci/mmole)

(Amersham, Inc., England) in choline chloride-free D-MEM/FCS during

a 10 hour incubation period. All the radioactive precursors were

added to culture medium at the concentration of 2 uCi/ml of medium.

Cells for culture were washed once, then incubated in fresh D-MEM/FCS

plus radiolabeled precursor at a concentration of 106 cells/ml in

a humid 8% CO2 atmosphere at 37°C. After 10 or 24 hours the cells

were washed three times in D-MEM plus 5% FCS and resuspended in

complete culture medium at a concentration of 8 x 105 cells/ml in

roller bottles containing 250 ml of the radiolabeled cell suspension.

At the end of the 40 hr incubation period, cultures were removed

from the incubator and viable cell counts were determined. Viabili-

ties were greater than 95% and the concentration of cells had
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doubled during 24.5 hours of incubation. Culture medium was sepa-

rated from cells by centrifugation (1600 x g) for 10 min.

Immunoprecipitation of Cell-Free Culture Medium and Column Fractions.
 

Radiolabeled lymphoblastoid culture medium (5.0 ml) (or pooled

column fractions, 4.0 ml) were processed by a double antibody

immunoprecipitation technique previously described (15,16).

Sodium Dodecyl Sulfate-Polyacgylamide Gel Electrophoresis (SDS—PAGE).
 

SDS-PAGE was used to analyze the composition and molecular weight of

components found in Thy-l associated complexes. Peak I material

(>2 x 106 daltons) from culture medium of 3H-glucosamine, 3H-leucine,

and 3H-choline labeled S.49.l cells and 3H-glucosamine labeled Bw

5147 cells was concentrated lO—fold on CF-50A centriflo membrane

cones (Amicon Corp., Lexington, MA). Anti-Thy-l immunoprecipitates

were washed three times in phosphate buffered saline (PBS) and

excess PBS was removed so that approximately 100 ul remained with

the pellet. Before addition of sample buffer to the Peak I material,

the precipitates were sonicated vigorously for 1 minute or until

precipitates were mostly dissolved on a bath sonicator. Precipi-

tates were further sonicated for 2-5 seconds by a probe sonicator

to increase solubilization of precipitates. The sonicated samples

were added in equal quantity to 2X sample buffer containing 2-mercapto-

ethanol and boiled for 5 min. The reagents, preparation of 10%

polyacrylamide gels, apparatus, and procedures for electrophoresis

and staining are identical to those described in detail by Porzio

and Pearson (17). Some of the molecular weight standards used in

these studies were myofibril proteins, primarily myosin (200,000

daltons). The other standards were bovine serum albumin (67,000
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daltons), soybean trypsin inhibitor (23,000 daltons) and 3H-GMl-

ganglioside (1640 daltons). The gels were cut into 1 mm slices and

2 slices were placed into 6 ml of a toluene based scintillation

fluid containing 5% NCS tissue solubilizer and 1% of a 4N NH4OH

solution. After overnight incubation at 37°C the radioactivity was

counted directly.

Gel Filtration of Radiolabeled Lymphoblastoid Cell Culture Super—
 

natant. High molecular weight material >2 x 106 daltons (Peak I)

from radiolabeled S.49.l and BW 5147 cell-free culture supernatants

was obtained by gel filtration over a Sepharose-6B column as pre-

viously described in the first two articles. Peak I fractions from

3H-leucine and 3H-glucosamine labeled S.49.l cells were placed on

a Sephacryl—S-ZOO column equilibrated and run with 1% deoxycholate

(DOC) in PBS (pH 7.2). The column was calibrated by the follow-

ing five molecular weight standards: 1) blue dextran (>2 x 106

daltons), 2) bovine serum albumin (67,000 daltons), 3) soybean

trypsin inhibitor (23,000 daltons), 4) lysozyme (14,000 daltons),

and 5) phenol red (376 daltons). Six milliliter samples of radio-

labeled Peak I were applied and 2.1 ml fractions were collected.

Pooled fractions were precipitated with 95% ethanol (16 hours at

-10°C) twice and washed twice with cold ethanol. The precipitates

were solubilized in 2 ml and dialyzed in a large volume of PBS

overnight and stored in antibiotics. This procedure of ethanol

precipitation removes DOC and extracts primarily glycoprotein and

glycolipids (10). These samples were then tested for their ability

to induce secondary anti-Thy-l.2 PFC responses.
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Anti-Thy-l Plaque Assay, The in vitro induction of primary and

secondary responses to Thy-1 were measured by a plaque forming cell

assay which has previously been described in detail (15,18-20).

For secondary anti-Thy-l.2 responses, AKR mice were primed by

immunization with 4 x 107 CBA thymus cells in Eagle's MEM-Hanks

Salts (Grand Island Biological Co.) intravenously two to four weeks

before use. Spleen cells from primed mice were processed in a

similar manner as untreated spleen cells. Secondary anti-Thy-l.2

PFC responses were used in measuring the ability of DOC column

fractions to produce anti-Thy-1.2 PFC responses, because it was

more sensitive than primary responses (19,20).

Results

Culture medium from 40 hour cultures of 3H- or 14C-glucosamine,

3H-leucine or 3H-choline labeled S.49.l or BW 5147 lymphoblastoid

cells was placed on a Sepharose-GB column to separate Thy-l contain-

ing substances. These radioactive compounds are precursors for

glycolipids, glycoproteins, proteins and lipids, respectively (21),

and were utilized to detect the association of any of these com-

pounds with Thy-l antigenic complexes. 3H- or l4C-glucosamine

labeled products (groups 1, 2 and 5) were incorporated in greater

quantities into the high molecular weight fractions (>2 x 106

daltons) termed peak I (15), than 3H-leucine or 3H—choline labeled

products (Table I).

The quantity of radiolabeled Thy-1 associated complexes immuno-

precipitation in peak I samples and unfractionated culture medium

were measured. Peak I substances contained a much higher percentage

of Thy-l associated precipitable counts (10-60 fold increase in
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groups 2—5) in comparison to that found in whole medium. This

result suggests a significant enrichment of Thy-l macromolecules

in Peak I substances isolated from culture medium of lymphoblastoid

cells labeled with any of the radioactive precursors tested. There

was not any major difference in the percentage of Thy-l-associated

radioactivity detected in Peak I material from S.49.l cells labeled

with 14C-glucosamine (15.3%), 3H-leucine (9.9%) or 3H-choline

(12.1%) and BW 5147 cells labeled with 3H-glucosamine (8.2%). The

amount of Thy-1 associated radioactivity recovered in peak I column

fractions from unfractionated culture medium was similar for S.49.l

and BW 5147 cells. In previous articles (15,16), data were presented

that showed only high molecular weight fractions of culture medium

from 14C- or 3H-glucosamine labeled S.49.l or BW 5147 cells con-

tained the only detectable radioactivity following anti-Thy-l

immunoprecipitation of these fractions. Pooled fractions containing

material of different molecular weights (see Figure l-C, ref. 16)

of culture medium from 3H-leucine and 3H-choline labeled S.49.l

cells were tested for Thy-l precipitable radioactivity. Thy-l

associated complexes in Peak I contained 94.4% and 93.4% of the

total Thy-l associated 3H-leucine and 3H-choline radioactivity,

respectively, which was detected in all the fractions tested. These

data suggest that the high molecular weight macromolecules (>2 x 106

daltons) found in Peak I fractions contain practically all of the

Thy-l immunoprecipitable radioactivity in BW 5147 or S.49.l culture

medium, irrespective of the radiolabeled precursor tested. Further—

more, these studies indicate that Thy-1 associated complexes contain

significant quantities of glycoprotein and/or glycolipid, protein

and lipids.
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The composition of Peak I material from culture medium of

radiolabeled S.49.l and BW 5147 cells was examined by sodium dodecyl

sulfate-polyacrylamide electrophoresis (SDS-PAGE) of these substances

(Figure l). 3H-leucine labeled Peak I (S.49.l) material had a

broad spectrum of radioactivity throughout the gel with major radio—

active peaks occurring in substances of approximately 250,000,

75,000, 39,000 and 17,000 daltons (Figure 1A). Polyacrylamide gels

of 3H-glucosamine Peak I (S.49.l) macromolecules showed four major

peaks of radioactivity in molecules estimated to be 130,000, 75,000

and 55,000 daltons and a low molecular weight band co-migrating

with 3H—GM1 ganglioside (Figure 18). The presence of radioactivity

at the top of the gel was variable. High molecular weight material

of Peak I labeled with 3H-choline was found in only one major peak

of low molecular weight co-migrating with the radioactive glycolipid

standard (Figure 1C). 3H-glucosamine labeled Peak I material from

BW 5147 cells had some radioactive high molecular weight substances

>180,000 and major peaks of radioactivity associated with molecules

of approximately 95,000, 75,000, and 53,000 daltons and a low

molecular weight compound migrating with radioactive GMl ganglioside

(Figure 10). These results demonstrate that Peak I material shed

from S.49.l and BW 5147 cells is a heterogeneous complex containing

protein, glycoprotein, glycolipid and lipid components indicative

of a membrane fragment.

Culture medium from 3H-leucine, 3H—choline, and 3H-glucosamine

labeled S.49.l (Thy-1.2) cells was immunOprecipitated with anti-

Thy-l.2 and anti-Thy-l.l alloantisera and excess goat anti-mouse

196. The composition of the radiolabeled molecules in these

precipitates was analyzed by SDS-PAGE (Figure 2). Anti-Thy-l.2
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Figure 1. Analysis of high molecular weight (>2 x 106 daltons)

material (Peak I), shed from radiolabeled S.49.l and BW 5147 lympho-

blastoid cells, by sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis. Peak I material from S.49.l cells labeled with: A, 3H-

1eucine; B, 3H-glucosamine; and C, 3H—Choline were examined. In

addition, D, Peak I material from BW 5147 cells labeled with 3H-

glucosamine was studied. The molecular weight markers represented

are the following: a, myosin (200,000 daltons); b, bovine serum

albumin (67,000 daltons); c, soybean trypsin inhibitor (23,000

daltons); and d, 3H-GMl ganglioside (1640 daltons); TD represents

the position of the Pyronin Y tracking dye.
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precipitates of 3H-leucine labeled shed Thy—1.2 complexes contained

three peaks of radioactivity, one at the very top of the gel (which

was variable in appearance) and molecules of approximately 51,000

and 19,000 daltons (Figure 2A). Shed material precipitated by

anti—Thy-1.1 serum contained only one major peak of activity at

19,000 daltons, suggesting that the high molecular weight substance

and the 50,000 daltons substance were specifically associated with

Thy-1.2 complexes. 3H-choline labeled shed macromolecules immuno-

precipitated with anti-Thy-l.2 contained only one broad peak of radio-

activity of low molecular weight migrating with radiolabeled glyco-

lipid (Figure 2B). Only a small amount of radioactivity was found

in low molecular weight substances in anti—Thy-l.l precipitates

suggesting that a significant quantity of lipids were contained in

shed Thy-1.2 associated substances. Anti-Thy-l.2 precipitates of

culture medium from 3H-glucosamine labeled S.49.l cells was composed

of three peaks of radioactivity associated with molecules of about

105,000 and 34,000 daltons and low molecular weight molecules

migrating with the glycolipid standard (Figure 2C). Radioactivity

observed in the top of the gel was variable and probably due to

large insolubilized complexes which usually penetrate the gel but

may also be washed away. A major band of radioactivity was found

in a fraction with molecules estimated to be 54,000 daltons. There

were no significant radioactive peaks associated with anti-Thy-1.l

precipitates suggesting that the above-mentioned substances were

specifically associated with shed Thy-1.2 complexes. Similar

results were obtained when 3H-glucosamine labeled Peak I material

of S.49.l cells was immunoprecipitated (Figure 20). Radioactivity

was found in molecules of approximately 115,000 and 56,000 daltons and
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Figure 2. SDS—PAGE analysis of anti-Thy-l.2 (O—-——O) and anti-

Thy—l.1 (O~———O) immunoprecipitates of culture medium from S.49.l

cells radiolabeled with A, 3H-leucine; B, 3H-choline; and C, 3H-

glucosamine; D, Peak I material from 3H-glucosamine labeled S.49.l

cells. The molecular standards are identical to those in Figure l.
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in low molecular weight substances. These data suggest that Thy-1.2

associated complexes are heterogeneous in nature containing pro-

teins, glycoproteins, glycolipids and lipids. The fact that glyco-

lipids and a 3H-leucine and 3H-glucosamine labeled molecule of

between 51,000 and 56,000 daltons were consistently precipitated

with anti-Thy—l.2 sera suggests that this glycoprotein (W53,000

daltons) and a glycolipid are candidates for Thy-1.2 antigen.

The Thy-l antigenic substance contained in the shed complexes

was examined by another approach which solubilizes membrane com-

plexes. Peak I samples of culture medium from 3H—leucine and 3H-

glucosamine labeled S.49.l cells were fractionated over a Sephacryl-

S-200 column containing 1% deoxycholate (DOC) (Figure 3). 3H-leucine

labeled molecules were found primarily in substances of between

67,000 and 200,000 m.w. and reduced levels of radiolabeled mole-

cules were detected in lower molecular weight substances. Shed

material labeled with 3H-glucosamine was found primarily in large

complexes >200,000 daltons and substances of about 67,000 daltons.

Also, some radioactivity was detected in two peaks of low molecular

weight in which 3H-GMl ganglioside co-chromatographed with labeled

molecules of between 14,000—20,000 m.w. Four groups of pooled

fractions, A(19-25), 8(26-31), C(32-40) and D(4l-60), were extracted

by ethanol precipitation to test the isolated glycoproteins and

glycolipids for their Thy-1.2 antigenic properties. Glycoproteins

and glycolipids extracted from group A (>45,000 m.w.) could induce

a significant anti-Thy-l.2 PFC response of 121 plaques. Extracted

molecules from groups B, C and D did not induce any detectable

PFC responses. This result suggests that a glycoprotein or glyco-

lipid >45,000 m.w. contains the Thy-1.2 antigenic moiety.
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Figure 3. Chromatography of Peak I material from 3H-leucine

and 3H-glucosamine labeled S.49.l cells over a 1% deoxycholate

Sephacryl-S-200 column. Anti-Thy-l.2 PFC responses induced by

pooled fractions are represented by the open bar. The column was

calibrated by the following molecular weight standards: BD (blue

dextran 2 x 1Lfi5daltons); BSA (bovine serum albumin 67,000 daltons);

STI (soybean trypsin inhibitor 23,000 daltons); LYS (lysozyme

15,000 daltons); and PR (phenol red 376 daltons).
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Further evidence for the glycolipid nature of Thy-1.2 antigen

in shed macromolecules from S.49.l and BW 5147 cells was provided

in experiments using rabbit anti—GMl sera (C3H brain GMl) to adsorb

lymphoblastoid culture medium. Varying dilutions of anti-GMl sera

were incubated with S.49.l culture medium for 12-16 hours at 4°C

before addition to spleen cell cultures (Table II). Pretreatment

of S.49.l culture medium with anti-GM1 sera diluted 1:20 reduced

the anti-Thy-l.2 PFC response 58% (p<0.01 by Student's t-test),

while higher dilutions had no significant effect on the PFC

response. In similar experiments, pretreatment of BW 5147 culture

medium with anti-GMl (1:15) significantly reduced the anti-Thy-1.1

PFC response by 58% (p<0.01), while higher dilution had no effect

(Table III). In other experiments (not presented) normal rabbit

serum (1:15 to 1:25 dilutions) pretreatment of either S.49.l or

BW 5147 culture medium had a small (lo-20% reduction) but consistent

abrogating effect on induction of anti-Thy-l PFC responses. These

data suggest that the GM1 ganglioside is associated with the released

Thy-l complexes.

Discussion

High molecular weight complexes containing Thy-l antigen shed

from S.49.l and BW 5147 lymphoblastoid cells were studied to

ascertain their composition by a variety of biochemical approaches.

Anti-Thy-l sera immunOprecipitation of culture medium containing

shed material radiolabeled for protein, glycoprotein, glycolipid or

lipid components demonstrated that the Thy-l associated complex

contained all of these molecules. Column chromatography of these

radiolabeled culture media and subsequent precipitation with
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Table II

Sera

 

 

Dilution Anti-Thy-l.2 Response

a Treated of PFC/107 Cells

Immunizing Medium with Antiserum (CBA Target Cells)

c d e

BW5147 (1.1) --- --- 6.3 2.3

S.49.l (1.2) --- --- 158.0 _ 28.1

S.49.l (1.2) anti-GMl (1:20) 66.0 17.8

S.49.l (1.2) anti-GMl (1:40) 115.0 37.0

S.49.l (1.2) anti-GM1 (1:80) 128.0 22.3

 

aAKR (Thy-1.1) spleen cultures with 2 x 107 cells in 0.5 ml

medium were treated with 0.5 ml of lymphoblastoid culture medium.

bCulture medium was pretreated with anti-6M1 sera at the

respective final concentration for 12-16 hours at 4°C before addi-

tion to spleen cultures.

CThy-l allotype in parentheses.

dNo additions.

eMeans :_standard errors of 6 cultures/groups.
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Table III

Inhibition of Anti-Thy-1.1 PFC Response by Anti-GMl

Dilution Anti-Thy-l.l Response

a Treated of PFC/107 Cells

Immunizing Medium with Antiserum (AKR Target Cells)

S.49.l (1.2)C ---d —-- 6.0: 0.79

Bw 5147 (1.1) --- -—- 369.0 :_31.1

BW5147 (1.1) anti-c;Ml (1:15) 156.0 1 23.2

BW5147 (1.1) anti-GMl (1:40) 327.0 :_24.3

BW5147 (1.1) anti-GMl (1:100) 336.0 :_30.0

 

aCulture medium added in the same manner as Table II to CBA

(Thy-1.2) spleen cells.

bTreatment same as Table II.

CThy-1 allotype in parentheses.

d . .

No additions.

eMeans :_standard errors of 6-7 cultures/groups.
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anti-Thy-l sera indicated that all the radiolabeled complexes

containing Thy-l were detected in large macromolecules greater

than 2 x 106 daltons (Table I). The fact that each of the radio-

labeled precursors examined was incorporated into these large

complexes in relatively similar quantities suggested that these

substances were important to the integrity of the shed complex,

but precluded identification of a radiolabeled Thy-1 antigen.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) analysis of radiolabeled Thy-l associated compounds

demonstrated a heterogeneity in its constituents. At least four

proteins and/or four glycoproteins were present in the shed complex

with significant quantities of phospholipids and glycolipids.

This composition of the shed Thy-1 associated complexes is consis-

tent with present concepts of membrane structures (22) and dynamics

of membrane turnover (1). Based upon the evidence presented in

this report it is proposed that the large molecular weight complexes

containing Thy-1 antigen released from S.49.l and BW 5147 cells

are actually membrane fragments containing most of the constituents

normally contained in the intact and functional plasma membranes

of these lymphoblastoid cells.

The nature of the Thy-1 antigen was studied uSing partially

characterized components as starting material for immunoprecipita-

tion of radiolabeled shed material with anti-Thy-l.2 or anti-Thy-1.l

alloantisera followed by SDS-PAGE analysis of these precipitates.

Although anti-Thy-l.l serum served as a control for non-specific

precipitation of radiolabeled material from S.49.l (Thy-1.2) cells,

there has been some previous observation of some cross reaction

between these two alloantisera (12). In a few experiments not
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reported here, normal mouse serum (NMS) was used. These NMS pre-

cipitates yielded somewhat smaller amounts of radiolabeled substances

and eliminated most small peaks of radioactivity seen with anti-Thy-

1.1 sera.

Radiolabeled (S.49.l) proteins, glycoproteins, glycolipids

and lipids were precipitated with anti-Thy-1.2. Comparison of gel

profiles from 3H-glucosamine labeled Peak I, plus immune precipi-

tates of whole medium and Peak I material, indicates that anti-

Thy—l.2 sera precipitated predominantly high molecular weight

material from unfractionated culture medium. These data indicated

that a 3H—leucine labeled molecule of 51,000 m.w. and 3H-

glucosamine labeled substance of very similar molecular weight

were consistently precipitated, suggesting these two molecules were

the same, thus being a glycoprotein. Two radiolabeled components

were consistently precipitated to a much greater degree with anti-

Thy-1.2 sera than with anti-Thy-l.l sera. These substances were

a 53,000 dalton glycoprotein and the low molecular weight glyco-

lipids which co-migrated with the G ganglioside marker, and just

Ml

ahead of the Pyronin-Y tracking dye.

Several researchers have also studied the biochemical composi-

tion of Thy-l antigen extracted from the cell surface of rat and

murine thymocytes (8-10) and brain (10) and lymphoblastoid cells

(23). The nature of rat Thy-l molecule found in thymocytes and

brain tissue has been characterized as a glycoprotein of 25,000 m.w.

and 24,000 m.w., respectively (10). Trowbridge et a1. (8) and

Arndt et al. (9) studied the glycoprotein properties of Thy-l in

murine thymocytes and demonstrated that molecules of 25,000 daltons

were predominant in SDS-PAGE analysis of anti-Thy-l immunoprecipitates.
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Zwerner et a1. (23) determined that the Thy-1.1 antigen extracted

from the surfaces of BW 5147 cells was a glycoprotein of approxi-

mately 25,000 daltons. Vitetta et a1. (6) proposed that Thy-l

antigenicity was contained in glycolipids, because Thy—1 antigen in

unstimulated thymocytes could not be labeled with 3H-amino acids

in a four hour incubation period, while 3H-galactose could label

the Thy-1 molecule. Study of lymphoblastoid cell variants (in

expressing Thy—l) led Trowbridge et a1. (24) to postulate that Thy—l

antigenicity resided in the carbohydrate moiety and Thy—1 variants

lacked essential glycosyl transferases '00 add the essential carbo-

hydrate to the protein backbone. Miller and Esselman have demon-

strated that GM1 ganglioside can adsorb cytotoxicity of anti—Thy-l

sera, suggesting a ganglioside nature for Thy-l (12). Anti-Thy-l

precipitates of solubilized membranes from 3H-galactose labeled

murine thymocytes were analyzed by SDS-PAGE-(3,6). A broad radio-

active peak of 35,000 daltons material and radiolabeled substances

of 65,000 and 75,000 daltons, plus significant radioactivity detected

in low molecular weight substances migrating with glycolipids was

observed. In a similar approach with 125I-labeled anti-Thy—l.2

precipitates, Walsh et a1. (25) found some radiolabel only at the

very tOp of the gel and the majority of radioactivity at the bottom

in the migration area of glchlipids.

Determination of the glycolipid or glycoprotein nature of

Thy-l in shed complexes was pursued by deoxycholate column chroma-

tography of S.49.l culture medium from 3H-leucine and 3H-glucosamine

labeled cells. Radioactivity associated with these labels was

primarily found in material greater than 45,000 daltons. Ethanol

extractions were performed to remove toxic deoxycholate and
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precipitate glycoprotein and glycolipids and exclude proteins (10,26).

Only ethanol extracted molecules larger than 45,000 m.w. could induce

an anti-Thy-l.2 PFC response, while lower molecular weight substances

had no effect, suggesting either a glycoprotein or glycolipid of

this size contained Thy-1 antigenicity. In support of these findings

were the results from Letarte-Muirhead et a1 (36) and Arndt et al.

(9), who demonstrated that rat or mouse Thy-1 in similar deoxycholate

columns had molecular weight of 55,000 daltons. This result for

molecular weight is larger than without DOC, due to significant quan-

tities of deoxycholate binding to the Thy-1 molecule and forming

micelles, thus increasing its size and molecular weight (27).

Inhibition of anti-Thy—l PFC responses by anti-GMl ganglioside

sera pretreatment of immunizing lymphoblastoid culture medium suggested

a glycolipid nature for both Thy-1.1 and Thy-1.2 antigens. The lack

of specificity demonstrated by this rabbit antisera directed against

C3H (Thy-1.2) G brain ganglioside is not unusual. Previous studies

M1

showed that both C3H-GM1 and AKR-GM1 could adsorb anti—Thy-l.2 and

anti-G «23H) sera, though greater quantities of AKR-G were required

M1 M1

(12). Furthermore, rabbit anti-mouse brain associated Thy-1 sera

react with both Thy-1 allotypes (28). These results suggest that shed

complexes from S.49.l and BW 5147 cells contain a glycolipid with

GMl ganglioside properties. However, recent research utilizing GMl

and Thy-1 glycoprotein from murine thymocytes in in vitro secondary

anti-Thy-l PFC responses gave interesting observations (29). These

experiments indicated that both Thy-l glycoprotein and 6M1 glycolipid

could equally serve to induce significant anti-Thy-l PFC responses

that retained their Thy-1 allotype specificity. Further analysis

of 1 ganglioside with different organic solvents allowed the isolation

GM
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of a new glycolipid containing all of the Thy-l antigenic

activity, which migrated, separately and below GMl on thin

layer Chromatographic plates (29). The biochemical nature

of this new Thy-1 glycolipid is still under investigation,

though sialic acid residues appear to be essential for anti-

genicity as prolonged neuraminidase treatment of this glycolipid

will alter its antigenicity (29).

In conclusion, comprehension of the exact nature of Thy-1

antigen still has to be determined. We postulatethat the Thy—1

antigenicity is carried by a carbohydrate moiety which can be

attached to either a protein or lipid backbone as in blood group

substances or viral antigens (30,31). Also, from the evidence pre-

sented in this communication we postulate that Thy-1 associated

complexes shed from S.49.l and BW 5147 cells are large molecular

weight membrane fragments released in the form of liposomes, and

the Thy-1 antigenic moiety is present on both a glycolipid and a

glyCOprotein molecule.
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