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ABSTRACT

The galactophilic lectin expressed on the surface of cultured Hodgkin's

cells, recently described by this laboratory, has binding characteristics
similar to those of the hepatic asialoglycoprotein receptor (HBP), and
has been recognized as a M, 55,000 (pSS) membrane glycoprotein by a
polyclonal antiserum to rat HBP. This study confirms the close structural
relationship between the two lectins showing immunological cross-reac
tivity of monoclonal and polyclonal antibodies recognizing distinct epi-
topes on rat or human HBP. In support of the suggested dual nature of
p55 as lectin and ectosialyltransferase, enzyme activity is inhibited by
the monoclonal anti-HBP antibody, anti-HA 116. Cultured Hodgkin's

cells, as purified HBP, agglutinate T-lymphocytes expressing hyposialy-
lated membrane glycosyl determinants. This cell-cell interaction mediated
by pSS results in the incorporation of sialic acid into lymphocyte surface
asialo-glycans. The function of the Hodgkin's lectin as lymphocyte ag

glutinant in vitro suggests its role as an immunomodulator contributing
to the immunodeficiencies associated with Hodgkin's disease.

INTRODUCTION

A galactose-specific lectin is immunologically demonstrable
on the surface of cultured neoplastic cells (Reed-Sternberg and
Hodgkin's cells) derived from patients with Hodgkin's disease
(1, 2). The III)1 cell lectin is functionally and antigenically

related to the galactose-recognizing asialoglycoprotein receptor
of hepatocytes, HBP. A polyclonal anti-HBP antiserum against
the rat receptor (aHBP-I) (3) cross-reacted with a single HD-
cell protein of M, 55,000 (p55). This protein carries the X-
hapten oligosaccharide structure (3-fucosyl-yV-acetyllactosa-
mine) and appears to function as an ectosialyltransferase, since
binding of aHBP-I to the surface of intact HD-cells abolished
enzyme activity. Furthermore, both p55 and sialyltransferase
activity could be absorbed to asialoorosomucoid-linked affinity
matrix and recovered upon removal of divalent cations by
EDTA, a measure characteristically inactivating both HBP-like
lectin activity (4) and sialyltransferase activity (5).

The HD-cell lectin, as HBP, the first lectin of mammalian
origin described (6), has been demonstrated to agglutinate
erythrocytes of A or B type, expressing jV-acetyl-Â«-D-galactos-
amine and a-o-galactose as antigenic structures, respectively,
but not erythrocytes of O-type (I). The purified liver membrane
protein agglutinates desialylated peripheral lymphocytes fol
lowed by blastogenic transformation (7) and induction of these
cells to mediate mitogen-induced cellular cytotoxicity (8). Fur-
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thermore, T-cell sensiti/ation to HBP has been discussed in the
pathogenesis of autoimmune chronic active hepatitis (9). There
are in vitro data suggesting that cultured HD-cells stimulate the
primary allogeneic mixed lymphocyte reaction (10), function as
accessory cells for mitogen-induced, human T-cell proliferative
responses ( 11), and present soluble antigen to T-cells (12). HD-
cells in vivo or when freshly isolated from disease-involved
lymph nodes (13) are in close contact with T-helper lympho
cytes. Such lymphocytes have been shown to react with peanut
agglutinin (14), indicating a low cell surface sialic acid content
(15), and to be activated, on the basis of TlO-antigen expression
(16) and rosette formation with sheep erythrocytes at 37Â°C(17).

Whether the activated state of these lymphocytes is a prereq
uisite for or the result of their interaction with HD-cells has
remained unclear.

In the present study, the dual nature of the HD protein, p55,
as galactophilic binding site and ectosialyltransferase is sub
stantiated. It is demonstrated that HD-cells agglutinate T-
lymphocytes via p55, which binds exposed galactosyl residues
of asialoglycans on the lymphocyte surface membrane. In anal
ogy to the agglutinating action on lymphocytes exerted by
purified HBP, this property of p55 suggests its role as an
immunomodulator possibly contributing to the immunodefi
ciencies occurring in HD disease.

MATERIALS AND METHODS

Cultured HD-Cells. The Hodgkin's cell line L428KSA, used in this

study, is the phorbolester-induced variant of line L428 (18). The paren
tal line was established from the pleural effusion of a patient with
advanced nodular sclerosing type Hodgkin's disease. The cytochemical

and immunological features of these cells are identical to those of
freshly isolated Reed-Sternberg or Hodgkin's cells (18, 19). Cells were

grown in RPMI 1640 medium (GIBCO, Grand Island, NY) supple
mented with 20% fetal bovine serum (GIBCO), 0.3% L-glutamine, 100
M.u'ml streptomycin, and 100 units/ml penicillin in a humidified at

mosphere of 5% CO2 in air. L428KSA cells formed adherent monolay-
ers from which viable cells were continuously being shed into the
medium. For experimentation, the cells in suspension were harvested
and debris was removed by centrifugation on a Ficoll-Hypaque density
gradient (</= 1.077g/ml).

Growth in Dialyzed Serum. Fetal bovine serum (100 ml) was dialyzed
against 4 liters of distilled water for 72 h at 4Â°C(Upland Medical

Industries dialysis tubing; cut-off approximately M, 100,000).
L428KSA cells were inoculated in complete growth medium as de
scribed above for 4 days before the medium was exchanged against
RPMI 1640 supplemented with 20% of dialyzed fetal bovine serum.
For the following 6 days, cells shedding from the monolayer into
suspension were discarded. Afterwards, cells in suspension were tested
for expression of p55 and ectosialyltransferase activity at the time
points indicated in "Results."

Anti-HBP Antibodies. aHBP-I, a polyclonal rabbit antiserum, has
been raised against pure rat HBP (3); its specificity has been described
previously (1). ASGP 2-9, a polyclonal rabbit antiserum, was prepared
as described (20). Anti-PPDC, a polyclonal rabbit antiserum, was raised
against a synthetic peptide, consisting of the .V terminal 10 amino acids
of RHL-1 (21), plus cysteine, that had been conjugated to tuberculin
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purified protein derivative via disulfide bridge formation. The mouse
monoclonal antibody directed against the rat asialoglycoprotein recep
tor, anti-HA 116, (22) was prepared as described before (23, 24).
Monospecific antiserum to human HBP, purified by the method of
Baenziger (25), was raised in rabbits. This antiserum, diluted 1:1000,
inhibits binding of ASOR to human hepatoblastoma cells, line HepG2,
by 90%.

Anti-rat HBP antibodies were tested for inhibition of the binding of
125I-labeled ASOR, prepared as previously described (2, 26), to rat
hepatocytes. Monolayers of 1-day cultured rat hepatocytes (27) were
preincubated for 60 min at 4Â°Cwith 10 M'of the various antibodies in
1 ml of minimum essential medium (GIBCO) before 1 Mgof '"I-labeled

ASOR were added to the monolayers (washed free of excess antibody)
for another hour at 4Â°C.In the control dish, preincubation was per

formed in the absence of anti-HBP antibodies. Nonspecific binding was
measured in the presence of 200 Mgof nonradioactive ASOR. After the
second incubation, the plates were washed and the cells harvested in 1
N NaOH and counted for radioactivity. Specific binding was calculated
as the difference between total and nonspecific binding.

Western Blotting and Immunoprecipitation. Immunoblotting was per
formed as previously reported (2). For immunoprecipitation, cells were
lysed in 10 mM Tris, 150 mM NaCl, 1% nonidet P40, 1 mM ethylene-
glycol bis(if-aminoethyl etherHV,W,yV",jV'-tetraacetic acid, 2 mM phen-

ylmethylsulfonylfluoride, 0.1 % bovine serum albumin, pH 7.6, and the
lysate iodinated using a lactoperoxidase/glucose oxidase catalyzed io-
dination (2) before 10 M' of antibody were added overnight at 4Â°C.

Antibody was recovered from the lysates by addition of Protein-A
Sepharose CL-4B beads (Pharmacia Fine Chemicals, Sweden), and
Â¡mmunoprecipitates were resolved by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis as described (2). The exposure time
for autoradiography was 18-24 h.

Binding of '"I-labeled ASOR to Intact L428KSA Cells. L428KSA

cells were washed in RPMI 1640 medium supplemented with 50 mM
EDTA and resuspended in RPMI 1640 medium with 5 mM EDTA for
10 min at room temperature to release potential ligands bound to the
HD protein. Before assaying binding activity, the suspension medium
was recalcified to 10 mM Ca*+. Aliquots of 5 x 10* to 5 x 10' cells
were incubated with 1 Mgof ASOR iodinated with 1 m Ci I25l-Na/I00

Â¿tgprotein using a solid phase lactoperoxidase, glucose oxidase coupled
system purchased from Bio-Rad (Richmond, CA) (specific activities
ranged from 5 to 8 x 10* cpm/Mg ASOR). After 10 min of incubation
at 4Â°C,cells were trapped on Whatman glass fiber filters GF/A and the
filters were extensively washed with Ca++-supplemented RPMI 1640

medium before being counted for radioactivity. Nonspecific binding
was evaluated in the presence of a 200-fold higher concentration of
nonradiolabeled ASOR and subtracted from total binding to yield
specific binding.

Binding of "sl-labeled ASOR to Solubilized L428KSA Cells.
L428KSA cells were suspended in Tris-saline at 5 x IO7 cells/ml.
Aliquots of 20 M' (1 * IO7cells) were added to 500 M!of 50 mM Tris-
HCI, 150 mM NaCl, 50 mM CaCI2,0.1 % Triton X-100, l mg/ml bovine
serum albumin, 1 mg/ml bovine immunoglobulin G, pH 7.5-7.9,
containing 1 Mgof 125I-labeledASOR. Nonspecific binding was evalu

ated in the presence of 200 Mgof nonradioactive ASOR. After 5 min of
incubation at room temperature, the reaction was terminated by addi
tion of 2 volumes of 20% polyethyleneglycol (M, 6000) in distilled
water with 50 mM CaCI2, and precipitation was allowed to proceed for
15 min at 4'C. The reaction mixture was then diluted 1:1 with wash

buffer (50 mM Tris-HCI, 150 mM NaCl2, 50 mM CaCl2, 8% polyeth
yleneglycol, 1 mg/ml bovine serum albumin, pH 7.5-7.9) and filtered
through a single Whatman glass fiber filter GF/A. Filters were washed
with a total of 5 ml of wash buffer and counted.

Binding of L428KSA Lysates to ASOR-linked Sepharose. ASOR was
coupled to Sepharose at a ratio of 10 mg/ml (28). L428KSA cells (5 x
10' cells) were lysed in 50 mM HEPES, 150 mM NaCl, 10 mM CaCI2,
1% Triton X-100 (Sigma Chemical Co., St. Louis, MO), pH 6.7, and
the cleared lysate (13,000 x g for 5 min) mixed with ASOR-linked
Sepharose or nonderivatized Sepharose for l h at 4"C with constant

rotation. The pelleted gel was then washed with the lysis buffer before
bound material was eluted with 50 mM HEPES, 150 mM NaCl, 1%

Triton X-100, 10 IHM EDTA, pH 6.7. The eluate was iodinated and
immunoprecipitation performed with 10 M!of either aHBP-I or PPD-
C antibody as described.

Sialyltransferase Assays. The ectosialyItransferase (1) and the soluble
enzyme assay (2) have been recently described. For inhibition of either
the surface or the soluble transferase activity, intact L428KSA cells
were incubated with 50 M' of anti-HA 116, the monoclonal anti-rat
HBP antibody, for l h at 37'C in 50 mM HEPES, 150 mM NaCl, pH

6.7. As a control, cells were exposed to RFDR-1 (G. Janossy; London,
UK), a monoclonal antibody against HLA-DR, an antigen abundantly
expressed on HD-cells (18, 19). After this preincubation, cells were
washed twice with incubation buffer to remove excess antibody and
once with 50 mM HEPES, 150 mM NaCl, 10 mM CaCl2, pH 6.7, before
being either lysed in this buffer containing 0.5% Triton X-100 or
processed for the ectosialyltransferase assay.

Resialylation of asialolymphocytesfollowingcoincubation with 111)
cells was evaluated with a modified intact cell assay. HD-cells (4 x IO6
cells) were mixed with lymphocytes (2 x IO7 cells) in RPMI 1640

(viability of either cell type was assured by trypan blue exclusion) and
4 MMCMP-14C-sialic acid (290-319 mCi/mmol; New England Nuclear,
Boston, MA) were added for 2 h at 37Â°Cwith intermittent mixing of

the cell suspension. Protein-incorporated sialic acid was then precipi
tated with 4 volumes of 1% phosphotungstic acid in 0.5 N HC1, washed
three times with 5% trichloroacetic acid followed by absolute methanol,
dissolved in Hydrofluor (National Diagnostics, Somerville, NJ) and
counted for radioactivity. Protein-bound counts measured in the pres
ence of excess nonradioactive CMP-sialic acid (2 mM) averaged 20%
of maximal incorporation. Specific incorporation of sialic acid was
confirmed by treating the cell mixture after the 2-h incubation (and
washing away the free CMP-'4C-sialic acid) with 1 unit of Clostridium
perfringens neuraminidase (Sigma) for 30 min at 37Â°Cbefore precipi

tation of proteins. Sialyltransferase activity was expressed as cpm
protein incorporated.

Lymphocytes. Mononuclear cells were isolated by Ficoll-Hypaque
gradient separation (29) from the peripheral blood of patients who had
been treated with recombinant interleukin-2 for 5 days (3 x 100,000
units/kg/day) (Cetus, Emeryville, CA) on a protocol for adoptive im-
munotherapy (30). The lymphocyte cell surface glycans appeared to be
in a hyposialylated state as described below. Cells were depleted of
monocyte/macrophages by adherence to plastic (l h at 37Â°C)before

being used in resetting, mitogenesis, or resialylation assays. The sialy-
lation state of membrane glycoproteins of these lymphocytes was tested
using 5 Mgof peanut agglutinin (Vector Lab., Inc., Burlingam, CA) per
milliliter of cell suspension ( H)1'cells) in RPMI 1640 medium supple
mented with 10% fetal bovine serum and incubation for 18 h at 37Â°C

before agglutination was evaluated under the microscope. Agglutination
with HBP was induced by incubating lymphocytes in RPMI 1640
(which contains 2.4 mM Ca") with 10 Mgof pure rat HBP (3) and was

evaluated after 5 min of mixing. An aliquot of the cell suspensions was
stained with a series of monoclonal antibodies to establish their ini
munophenotype. T4+ cells were recognized with antibody OKT4 (Ortho
Diagnostics, Raritan, NJ), T8+ cells with antibody OKT8 (Ortho), B-
cells with the pan-B antibody RFB-7 (G. Janossy, Royal Free Hospital,
London, UK), and monocytes with antibody VIM-13 (W. Knapp,
University of Vienna, Vienna, Austria). HLA-DR expression was de
tected using antibody RFDR-1 (G. Janossy); the Tac-antigen (interleu
kin-2 receptor; 31) was recognized by the anti-Tac antibody (T. A.
Waldman, NIH, Bethesda, MD), the TlO-antigen with antibody VIP-
2b (W. Knapp). Cells were first incubated with the mouse anti-human
monoclonal antibodies (30 min at 4Â°C),washed free of unbound anti
body, followed by incubation (30 min at 4'C) with the second antibody,
fluoresceinated affinity-purified F(ab')2 fragment goat antimouse ini

munoglobulins (Cappel Worthington Biochemicals, Cooper Biomedi
cai, Inc., Malvern, PA). As negative control, supernatant media of
P3X63NSI myeloma cultures with added normal chromatographically
purified mouse IgG at 100 Mg/ml were used (control provided by
Cappel). Fluorescent cells were evaluated using a Nikon microscope
with incident illumination.

Rosette Formation. To induce rosette formation, L428KSA cells were
mixed with the hyposialylated lymphocytes in RPMI 1640 at a ratio of
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20:1 and allowed to settle for at least 4 h at 4Â°Cbefore rosette formation

was evaluated under the microscope. HD-cells with three or more
lymphocytes attached to their surface were counted as rosettes. The
counting of rosettes was done blindly, without knowledge of the assay
conditions. For inhibition of rosetting with galactose, the sugar (200
mM) was added to the mixture after rosette formation was completed
for another 4 h. Control mixtures were kept for the same length of
time. For inhibition with aHBP-I, HD-cells were preincubated with the
antiserum (1:5 dilution) for l h at 4Â°Cand excess antibody was removed

before the cells were mixed with lymphocytes. At this dilution, the
antiserum blocks binding of '"I-labeled ASOR to rat hepatocytes
completely (I). As a control, HD-cells were preincubated with mono
clonal antibody RFDR-1 directed against HLA-DR. HD-cells from
cultures grown in dialyzed serum were separated on Ficoll-Hypaque
gradient to eliminate cell debris and dead cells before being mixed with
the lymphocytes.

RESULTS

Polyclonal and Monoclonal Antibodies against Rat or Human
HBP Recognizing the p55. In addition to aHBP-I, the polyclonal
antiserum used in previous studies (1, 2), we tested other
antibodies against HBP for cross-reactivity with p55, since
these antibodies recognize portions of HBP distinct from
aHBP-I: PPD-C, a polyclonal antibody raised against a syn
thetic construct of the cytoplasmic tail of rat HBP; ASGP 2-9,
a polyclonal antiserum raised against the denatured protein of
rat-HBP (20); polyclonal anti-human HBP antiserum; and the
monoclonal anti-rat HBP antibody, anti-HA 116 (22). When
the anti-rat HBP antibodies were tested for their inhibitory
effect on the binding of ASOR, the preferred ligand for HBP,
to rat hepatocytes, only aHBP-I and anti-HA 116 were found
to interfere with the HBP binding site. In immunoblot analysis,
all three polyclonal anti-rat HBP antibodies reacted with p55.
When used as immunoprecipitants, aHBP-I, PPD-C, anti-HA
116, and anti-human HBP antiserum precipitated pSS from
iodinated HD-cell lysates. With anti-HA 116, a number of
additional proteins were precipitated from the iodinated cell
lysates resulting in a high background (Fig. 1). The recognition

MW l 2 3 4

68-

55-

43-

Fig. 1. Recognition of p55 by various antibodies against HBP. Lanes 1-5,
fluorographs of 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
of immunoprecipilated material from iodinated HD-cell lysates using 10 Â»ilof the
polyclonal anti-rat HBP antisera aHBP-I (lane I) or PPD-C (lane 3). the
monoclonal anti-rat HBP antibody anti-HA 116 (lane 4), or the polyclonal anti-
human HBP antisemiti (lane 5). Lane 2, lack of reactivity of preimmune rabbit
serum with the iodinated proteins. As a control for the monoclonal antibody,
immunoprecipitation was performed with 10 M' of supernatant medium from
P3X63NS1 myeloma cultures with added normal chromatographically purified
mouse IgG at 100 Mg/ml (Cappel) and was found to be negative as well (not
shown). The polyclonal anti-rat HBP antiserum ASGP 2-9 was tested in inumi
noblotting at a concentration of 1:10,000 (lane 6). The control with preimmune
rabbit serum was completely negative (not shown). All anti-HBP antibodies
recognized p55 (arrow). With anti-HA 116, strong background staining was seen.
UH, molecular weight standards.

of p55 by three antibodies against distinct portions of rat HBP
as well as by an antibody against human HBP strongly empha
sizes the close structural relationship between the HD-cell and
the hepatic receptor.

Binding by L428KSA Cells of ASOR. The presence of p55
on the HD-cell surface has been previously demonstrated both
by functional (1) and immunological criteria (2). When intact
L428KSA cells were tested for binding of iodinated ASOR, 1
ng of ASOR was bound by IO7 cells, a considerably lower

amount than that bound by rat hepatocytes (approximately 60
ng/107 cells). Subsequently, soluble 125I-labeled ASOR binding

in L428KSA cells was evaluated using the procedure established
for assaying purified HBP (28). In this assay, Triton X-100
(0.1%) solubilized L428KSA cells bound 3.5 ng of ASOR/107

cells. Because of the low binding capacity of L428KSA cells for
ASOR under these assay conditions, another experimental ap
proach was taken to unequivocally demonstrate binding capac
ity for the asialoglycoprotein. L428KSA-cell lysates ( 1% Triton
X-100) were incubated with ASOR-linked Sepharose affinity
matrix or nonderivatized Sepharose. Absorbed proteins were
eluted with lysis-buffer containing 10 mM EDTA, a measure
known to inactivate both HBP (4) and p55-related ectosialyl-
transferase activity (1). The eluate was iodinated and tested for
the presence of p55 by immunoprecipitation with aHBP-I and
with PPD-C, the anti-cytoplasmic HBP tail antibody. Both
antisera recognized the p55 in the eluate (Fig. 2). Nonderiva
tized Sepharose was unable to retain the protein. Thus, HD-
cells have the capacity to bind ASOR since the isolated lectin
can be selectively retained by the ASOR-affinity column.

Association of p55 with Ectosialyltransferase Activity. We
have previously shown inhibition of sialyltransferase activity in
detergent-solubilized extracts from L428KSA cells following
incubation of the cells with aHBP-I (2). Using the same assay
system, an inhibitory effect on sialyltransferase activity could
also be established for anti-HA 116, the monoclonal anti-HBP
antibody. Cells preexposed to anti-HA 116 as described were
lysed and sialyltransferase activity measured in the lysate using
ASOR as an exogenous acceptor for [MC]sialic acid. Fig. 3
shows that binding of anti-HA 116 to the HD-cell surface
decreased the incorporation of ['4C]sialic acid into ASOR to
the baseline level determined in the presence of added oroso-
mucoid, i.e., in the absence of exogenous acceptor protein.
Incubation of the cells with a control antibody directed against
HLA-DR, an antigen abundantly expressed on HD-cells (18,
19), was not inhibitory to enzyme activity determined in this
assay. In the following, we tested the effect of anti-HA 116 on
ectosialyltransferase activity. Intact cells were incubated with
anti-HA 116 antibody or with a monoclonal antibody to HLA-
DR for l h in the cold before excess antibody was washed off
and the cells were treated with neuraminidase to stimulate
surface-sialyltransferase activity. In an ectosialyltransferase as
say previously described (1), neuraminidase-treated cells incor
porated three times more radiolabeled sialic acid from the
provided substrate CMP-l4C-sialic acid than untreated cells and
preincubation with anti-HLA-DR antibody had again no effect
on enzyme activity. Preincubation of the cells with anti-HA 116
antibody, however, decreased enzyme activity in neuraminidase-
treated cells by 35%. These data confirmed that the inhibitory
effect of aHBP-I on ectosialyltransferase activity observed pre

viously (2) was not due to a nonspecific, e.g., steric interference
of the antiserum with the enzyme substrate binding site.

The dual nature of p55 as galactophilic binding site and
sialyltransferase was further evidenced by the demonstration of
enzyme activity in the EDTA-eluate from ASOR-derivatized
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MW 10,000

68-

55-

43-

Fig. 2. Autoradiograph of 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis of HD-proteins in the iodinated eluate from an ASOR-agarose
affinity matrix with either the polyclonal antiserum aHBP-I recognizing the
asialoglycoprotein binding site of the rat hepatocyte receptor (lane /), or with
polyclonal antiserum PPD-C raised against the cytoplasmic tail of the rat protein
(lane 2). In eluates from nonderivatized agarose, neither antiserum showed
reactivity with iodinated proteins. The arrow points at p55. .UH . molecular
weight standards.

Sepharose in the course of the selective retention of p55 by and
recovery from the affinity matrix (see above). Enzyme activity
in the eluate was dependent upon its reconstitution into a
cellular millieu, i.e., the EDTA-eluate (after recalcification to
10 mM CaCl2) had to be added back into the residual cell lysate
containing proteins not absorbed to the ASOR-Sepharose. Un
der these conditions, the eluate increased enzyme activity in the
lysate by 30%. No such effect was seen when eluate obtained
from nonderivatized Sepharose was re-added to the lysate. It
could not be expected that incubation of the original cell lysate
with the ASOR matrix would completely deplete enzyme activ
ity. In fact, residual enzyme activity was still between 35 and
50% of the control value established prior to the incubation
with ASOR-Sepharose.

Regulation of the Expression of p55 and of Sialyltransferase
Activity by Culture Conditions Known to Regulate Expression of
Human HBP. Expression of HBP in the human hepatoma cell
line HepG2 is decreased by 60-80% when the cells are grown
in dialyzed fetal bovine serum (32). When L428KSA cells were
grown in dialyzed fetal bovine serum, a gradual decrease in the
recognition of p55 by aHBP-I antiserum in immunoblotting
was observed (Fig. 4). Ectosialyltransferase activity measured
by the intact cell assay also decreased progressively to 51 % at
day 12 and to 24% at day 18 of culture in dialyzed serum when
compared to control activity in cells grown in complete serum.
Over this period of time, the proliferative potential of the HD-

s
u

5,000

1,000

15 10 15
FRACTION NUMBER

Fig. 3. Inhibition of soluble sialyltransferase activity in 0.5% Triton X-100
lysates from L428KSA cells by preincubation of intact cells with 50 ii\ of the
monoclonal anti-rat HBP antibody, anti-HA 116. Enzyme activity is determined
as incorporation of CMP-14C-sialic acid into ASOR added to the lysate at a
concentration of 2.5 nmol (providing 40 nmol of galactose for sialylation). Lysates
prepared from cells exposed to anti-HA 116 (A) or the monoclonal anti-HLA-
DR antibody, RFDR-1 (O), as a control, were incubated with CMP-14C-sialic acid
(approximately 200,000 cpm) and ASOR for 15 min at 37'C. To establish

background incorporation, native orosomucoid (2.5 nmol) was added to the lysate
(â€¢).Incubation mixtures were filtered through a P-10 column (5 x 1 ml) with
distilled water. The first fraction contained the sample flow-through and the first
0.5 ml of filtrate; fractions of 10 drops of filtrate were collected thereafter.
Protein-incorporated [14C]sialic acid was recovered in the column void volume.
The base line value (5000-6000 cpm) obtained in these experiments is equivalent
to that seen from the chromatography of CMP-14C-sialic acid in the absence of
added cell homogenate. In the control assay, radioactivity above the base line
value recovered in the void volume represents enzymatic incorporation of [14C]-
sialic acid into ASOR, as no such peak is recovered when orosomucoid is added
to the incubation mixture. Further experimental details have been previously
described (2).

MW l

68-

55-

43-

Fig. 4. Autoradiograph of 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis of L428KSA cell proteins immunoprecipitated from lysates of
IO7cells with aHBP-I, the polyclonal anti-rat HBP antiserum. Cells were grown

either in complete RPMI 1640 medium supplemented with 20% fetal bovine
serum (lane I) or in medium supplemented with dialyzed serum for 12 days (lane
2) or 18 days (lane 3). The arrow points at p55. MW, molecular weight standards.

cells as evaluated by [3H]thymidine incorporation was identical

in complete and dialyzed serum.
Lymphocyte Agglutinating Ability of HD-Cells. To test for

the agglutinating ability of p55, we used as a model system the
peripheral blood lymphocytes isolated from patients who had
received interleukin-2 for 5 days. Agglutination of these lym
phocytes by addition of peanut agglutinin (50 Mg/ml) was con
sistent with hyposialylation of their surface membrane (11, 12)
as was their agglutination by purified HBP, an effect dependent
upon desialylation of the target cells (8). Immunologie-aÃ¯phe-
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notyping of these mononuclear cell populations revealed less
than 2% B-lymphocytes, greater than 80% T-lymphocytes (40-
50% T4+-, 30-40% T8+-lymphocytes) and approximately 15%

monocytes. On an average, 15% of these cells expressed the
Tac-antigen (the receptor for interleukin-2; 31) and 70% carried
the TÃ•Oantigen as reflection of their activation (33) due to the
administration of interleukin-2 in vivo. Only 20-30% of the
cells were positive for HLA-DR, an observation consistent with
differences in the kinetics of the appearance of HLA-DR and
TÃ•Oantigen following stimulation (13). Hence, this cell popu
lation showed the surface antigen features characteristically
described for the lymphocytes which closely interact with Reed-
Sternberg and Hodgkin's cells in vivo and in vitro (10-13). After

depletion of monocytes, these populations were mixed with
HD-cells at a ratio of 20:1 in RPMI 1640 medium and allowed
to settle in the cold for 24 h before rosette formation was
evaluated. At that time, 72% of HD-cells had formed rosettes
with three to 10 or more lymphocytes attached to the cell
surface (Fig. 5).

Addition of 200 mM galactose after rosette formation was
completed substantially reversed the effect (greater than 70%
of the rosettes were disrupted). When rosette formation was
attempted in the presence of aHBP-I (1:5 dilution), only 29%
of the HD-cells formed rosettes. Thus, sugar specifically rec
ognized by p55 as well as antiserum reactive with p55 counter
acted rosette formation. Further support for an involvement of
p55 in the lymphocyte-HD-cell interaction came from the use
of HD-cells which had been grown in dialyzed fetal bovine
serum for 3 weeks and showed substantial decrease in the
expression of p55 as evaluated by immunoblotting (see above).
Twenty-nine % of these cells formed rosettes with lymphocytes.
A cell line not expressing p55, such as the promyelocytic
leukemia cell line HL-60, did not react with these lymphocytes.
These data suggest that the surface expression of p55 mediates
the lymphocyte agglutination by HD-cells in vitro.

Resialylation Associated with Lymphocyte Agglutination. The
dual function of p55 as galactose-specific lectin and ectosialyl-
transferase implies that the close contact between HD-cells and
the hyposialylated lymphocytes should result in the resialylation
of membrane asialoglycans provided that an appropriate source
of sialic acid is available. Coincubation of L428KSA cells with

asialolymphocytes in the presence of 4 /Â¿Mof CMP-'4C-sialic
acid more than doubled the combined level of [MC]sialic acid
incorporation into acid-precipitable material measured after
incubation of lymphocytes or HD-cells alone. The addition of
a 200-fold excess of nonradioactive CMP-sialic acid reduced
incorporation of [14C]sialic acid into HD-cell-lymphocyte pro

teins to 20% of that seen in the absence of the competitor.
Protein-incorporated counts were completely releasable by
neuraminidase which confirmed sialylation versus the result of
substrate hydrolysis and its use as a carbon source by the
lymphocytes (Table 1).

DISCUSSION

Our previous studies strongly suggested that the galactophilic
surface membrane lectin (p55) expressed by cultured HD-cells
possesses sialyltransferase activity (1, 2). It had been demon
strated that neuraminidase-exposed terminal galactose se
quences from the carbohydrate chain of the X-hapten, located
on the same protein as the lectin, could serve as endogenous
substrates for the enzyme. Resialylation of these substrates
reversed autoinhibition of the lectin resulting from the binding
of its own desialylated galactosyl residues. Such behavior of a
lectin has previously been described as a property unique to the
galactose-specific asialoglycoprotein receptor of hepatocytes,
HBP (4). In addition to this common functional characteristic,
the two receptors appeared to express a common epitope as
recognized by the polyclonal anti-HBP antiserum, aHBP-I. The
proteins recognized by this antiserum differed with respect to
their molecular weights; i.e., 55,000 in the case of the HD-
protein versus the predominant M, 41,500 polypeptide plus two
less abundant species of M, 49,000 and 59,000 in the case of
rat HBP (21) or the M, 45,000 form of mature human HBP
(25, 34). The evidence for a close structural relationship be
tween the two receptors was extended in this study. In addition
to aHBP-I, the polyclonal antiserum interfering with the car
bohydrate binding site located on the COOH-terminal domain
of the hepatic asialoglycoprotein receptor (35), antisera to the
NH2-terminal cytoplasmic tail of rat HBP (PPD-C), or to
undefined components of the rat (ASGP 2-9) or human receptor
protein (anti-human HBP antiserum) reacted with p55. Fur
thermore, the monoclonal antibody against rat HBP, anti-HA
116 (22), which, like aHBP-I, is directed against the receptor
binding site, recognized p55. The cross-reactivity of antibodies
against rat and human HBP with the human p55 suggests a
significant degree of homology in the amino acid sequence of
these three proteins. The HD-lectin is unique in its functional
and structural relationship to HBP. Other galactose-specific
receptors such as those identified in liver macrophages (36, 37)

Table 1 Resialylation of asialolymphocytes by coincubation with HD-cells
HD (L428KSA)-cells and lymphocytes were either incubated separately or

together for 2 h at 37'C in the presence of 4 <iMof MC-labeled substrate (CMP-
["Cjsialic acid). Protein-incorporated radioactivity was then precipitated as de
scribed in "Materials and Methods." Incorporated radioactivity was totally re-

leasable by neuraminidase (1 unit Clostridium perfringens neuraminidase for 30
min at 37'C).

Assay conditions

Transferase activity
(acid-precipitable counts

per min)Â°

Fig. 5. Rosette formation between a L428KSA HD-cell and lymphocytes
isolated from the peripheral blood of a patient treated with interleukin-2 ("Ma
terials and Methods"); x 500.

L428KSA cells (4x10*) 329 Â±9
Lymphocytes (2 x 107) 120 Â±3

L428KSA + lymphocytes 1025 Â±46
L428KSA + lymphocytes, then neuraminidase 106 Â±5
L428KSA + lymphocytes + 2 mM nonradioac- 194 Â±6

live CMP-sialic acid
1Values, mean Â±SE from three experiments.
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and in bone marrow cells (38) lack immunological cross-reac
tivity with HBP, and the asialoglycoprotein receptor of leuko
cytes shows a different pattern of specificity in that it binds
preferentially biantennary oligosaccharide structures (39).

Both HBP and p55 are largely reduced in their expression
when the cells (either HD-cells or the human hepatoma cell
line HepGs) are grown in dialyzed fetal bovine serum. Collins
et al. have demonstrated that expression of another hepatocel-
lular membrane binding protein, the organic aniÃ³n binding
protein, was unaffected in dialyzed serum arguing against a
generalized, nonspecific modulation of plasma membrane bio
genesis (32). The concomitant reduction in p55 expression and
ectosialyltransferase activity of HD-cells grown in dialyzed
serum supports our conception that an ectosialyltransferase
activity resides in p55. The more pronounced reduction in the
expression of p55 (Fig. 4) as compared to that of enzymatic
activity (to 24% of control levels on day 18 of culture in dialyzed
serum) may be due to the presence of HD-lectin unrelated

ectosialyltransferases.
A marked difference between HBP and p55 exists with re

spect to the proposed enzymatic function, since attempts to
demonstrate sialyltransferase activity in purified HBP prepa
rations have been unsuccessful (40). However, liver plasma
membrane preparations have been shown to contain intrinsic
sialyltransferase activity as demonstrated by the resialylation of
desialylated membranes in vitro (41, 42). Furthermore, Re-
goeczi et al. have found that asialotransferrin is taken up by
hepatocytes, resialylated, and resecreted (43). Since we have
shown here that enzymatic activity of isolated p55 requires its
reconstitution into a cellular environment, the negative results
obtained when testing HBP for enzymatic activity might be due
to the purity of the protein preparations used (40). Alterna
tively, HBP and p55 may share immunological features and
properties related to their function as galactose-specific lectins
with only pSS having retained the dual potential of expressing
both lectin- and sialyltransferase activity.

Whether the expression of high levels of ectosialyltransferase
activity by HD-cells is due to their transformed state cannot be
established as long as the normal counterpart for these cells
remains unclear. Stein et al. (44) discussed the origin of HD-
cells from a minute, but immunologically distinct population
of cells in normal lymph nodes and tonsils. When tested by
immunoblotting, we found expression of p55 in benign hyper-
plastic lymph nodes to be below the level of detectability,
whereas the protein was clearly demonstrable by this method
in HD-disease-involved tissue." This suggests that hyperexpres-

sion of p55 and thus of ectosialyltransferase activity may be the
result of malignant transformation of a HD-precursor cell.

The agglutination of hyposialylated lymphocytes by cultured
HD-cells appears to be mediated by the p55 HD-cell surface
protein comparable to the effect on desialylated lymphocytes
seen with purified HBP (8). The expression of hyposialylated
membrane glycosyl determinants by the lymphocytes employed
in this study appears to be related to their activation with
interleukin-2 in vivo or in vitro (45-47). As a possible mecha
nism for the hyposialylation accompanying T-cell activation,
an increase in the endogenous level of neuraminidase activity
with activation has been established (48). Lymphocytes which
form rosettes with Reed-Sternberg and Hodgkin's cells in vivo
in the majority of cases have been characterized as T4+ helper

lymphocytes (14, 16, 17, 49). Their reactivity with peanut
agglutinin (14) suggests hyposialylation of their surface glycans

4 E. Paietta, A. L. Hubbard, P. H. Wiernik, V. Diehl, and R. J. Stocken,

unpublished observations.

(IS) which may be related to a state of partial activation as
evidenced by the expression of the TlO-antigen (16) and the
failure to express HLA-DR (16) or Tac-antigen (50). One
possible cause of the lymphocyte activation seen in vivo could
be an immunological response to antigens on the HD-cell
surface (51), e.g., to p55, analogous to the sensitization of T-
lymphocytes to HBP in autoimmune chronic active hepatitis
(9). Such a partial activation could result in the hyposialylation
of T-lymphocyte membrane glycans leading to their recognition
and binding by p55 and thereby to lymphocyte stimulation
comparable to the blastogenic effect of HBP on desialylated
lymphocytes (8). We have preliminary evidence that agglutina
tion of in vitro interleukin-2 activated lymphocytes by
L428KSA cells results in an increase of lymphocyte [3H]thy-

midine incorporation consistent with a mitogenic effect of p55
(data not shown). Therefore, cell-cell contact appears to be a
prerequisite in the effects of HD-cells on lymphocytes, similar
to the cellular cooperation required for the accessory cell-
dependent response of lymphocytes to mitogen (52).
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