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In Vitro Idiotypic Suppression of Chronic Lymphocytic
Leukemia Lymphocytes Secreting Monoclonal

Immunoglobulin MAnti-Sheep Erythrocyte Antibody

CONSTANTINA. BONAand ANTHONYS. FAUCI, Laboratory of Itmmtiuniology anid the
Laboratory of Clinical Iinvestigation, Nationial Inistitute of Allergy antd Infectious
Diseases, Nationial Inistitutes of Health, Bethesda, Mariylatd 20205

A B S T RA C T A patient with chronic lymvlphocytic
leukemia was found to have B cells with surface imn-
munoglobulin (Ig)M manifesting anti-sheep erythrocyte
(SRBC) specificity together with a high titer serum
mon-oclonal anti-SRBC IgM antibody. By imimilluiniziiig
a sheep with the monoclonal IgM antibody, followed
by multiple absorptions against normal human IgM, anl
anti-idiotype (Id) antibody was obtained. The serumn
IgM anti-SRBC antibody was then demonstrated to
share the same idiotypic determinants with the surface
IgM with anti-SRBC specificity on the patient's B cells.

The anti-Id antibody suppressed the spontaneous se-
cretion of anti-SRBC antibody as well as the pokeweed
miitogen-induced anti-SRBC antibody production as
measured by a hemnolysis-in-gel plaque-formning cell
assay. In contrast, pokeweed mitogen-induced anti-
SRBCplaque-formning cell responses of normiial incdi-
viduals were not suppressed by the anti-Id antibody.
Thus, this study demonstrates in vitro suppressioni of
human B-cell function by anti-Id antibody.

INTRODUCTION

The association of anti-idiotypic (Id)' anitibo(lies with
certain immunoregulatory phenomenia has been clearly
demonstrated in animal models. For example, idliotype-
specific suppression of the growth of mouse myelomiia
cells can be demonstrated in mice with anti-Id anti-
bodies (1-4). Furthermore, anti-Id antibodies are able
to suppress the synthesis by normal B cells of antibodlies
carrying the relevant idiotypes. This suppression can
be the result of either a direct effect of anti-Id anti-
bodies on the precursors of antibody-forming cells, as
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' Abbreviations used in this paper: CLL, chronic lympho-
cytic leukemia; E, erythrocyte; Id, idiotype; Ig, immnitiio-
globulin; PFC, plaque-fonning cell; PWM,pokeweed mitogen;
SRBC; sheep erythrocyte; TCE, T cell-enriched.

shown in the inulin and phosphorylcholine systems
(5, 6), or by generation of suppressor T cells that can
inhibit helper functions in the arsonate and streptococ-
cal systems (7, 8).

In the present paper, we report studies of a patient
with chronic lymphocytic leukemia (CLL) who had
high titer serumi monoclonial immilunoglobulin (Ig)M anti-
sheep erythrocyte (SRBC) antibody, and whose B cells
expressed surface IgM with anti-SRBC specificity. An
anti-Id antibody was produced by immunizing sheep
with the monoclonal serum anti-SRBC antibody,
followed by multiple absorptions against pooled
normal serum IgM. The anti-SRBC anitibody in the
serum and on the surface of the patient's B cells was
shown to be idiotypically identical. Furthermiore, the
aniti-Id antibody suppressed the spontanieous secretion
of anti-SRBC antibody by the leukemic B cells as well
as the pokeweed mitogen (PWM)-induced ainti-SRBC
antibody production as measured by a hemolysis-ini-
gel plaque-formiinig cell (PFC) assay.

METHODS
Patienit. The patient is a 64-yr-old miale who was liagniosed

as having CLL. The diagniosis of CLL is based on a total
leukocyte counit ranginig from 7,000 to 20,000 cells/mm11113 with a
range of 40-90% lymphocytes. Up to 80% of the lymphocytes
bear surface Ig (IgM, K-light chaini). The patienit has never
received therapy for his CLL.

Cell suspensioms. Heparinize(l venous blood was obtainie(d
fromn the patienit and from normiial voltunteers; monioniuclear
cell suspenisions were obtainie(d by stanidardl Hypa(lue-Ficoll
density centrifuigationi.

Fractioniationi of inionionuclear cell suspensionis. T cell-
enriched (TCE) suspenlsionls were obtainie(d by two separate
methods. In the first method, TCE suspenlsionls were oh-
taimiedl by rosettinig lviynphocytes vith sheep erythrocvtes (E),
followed by cenitrifugationi of rosetted cells over Hypa(que-
Ficoll gradients as previously dlescribe(d (9). The alterniative
method of obtainiing TCE suspenisions was to pass m11on1o-
nuclear cells over a nvlon wool columnli.

Cuilture coni(litiot s. Culture cond(litionis for the genieration
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of anti-SRBC PFCafter polyclonal stimulation of human blood
lymphocytes with PWMwere carried out according to meth-
odologies that have been previously described in detail
(10, 11).

Assay for PFC. Lymphocytes were assayed for direct
PFCagainst SRBCby an ultrathin layer complemenit dependent
hemolysis-in-gel technique as previously described in detail
(10, 11). This was performed on cells obtained immediately
after separation from blood (spontaneous PFC) and after 7
d in culture with or without PWM.

Preparation of anti-Id antisera. Three strain 13 guinea
pigs were immunized with 100 ,tg of the patient's mono-
clonal IgM anti-SRBC antibody emulsified in Freund's
complete adjuvant. Starting 4 wk after immunization, the
guinea pigs were bled weekly and sera were screened
in an immunodiffusion assay for antibodies to IgM. Sheep
3501 (National Institutes of Health Animal Farm, Poolesville,
Md.) was immunized with 3 ml of packed autologous SRBC
(3501-SRBC) coated with 100 ,ug of the patient's monoclonal
IgM anti-SRBC antibody emulsified in Freund's complete
adjuvant. Adsorption of the antibody was performed by
incubation of 3501-SRBC with the monoclonal IgM for 1 h
at room temperature. After immunization, the sheep were
bled weekly and precipitating antibodies were dletected by
immunodiffusion. Guinea pig and sheep anti-Id sera were
made specific for the patient's monoclonal IgM by five adsorp-
tions, on an immunoadsorbent prepared according to Avremeas
et al. (12), from a pool of normal IgM as well as from a
Waldenstrom's macroglobulin (kindly provided by Dr. Henry
Metzger, National Institutes of Health, Bethesda, Md.).

Determination of anti-Id activity of guinea pig and sheep
antisera. After five adsorptions of an immunoadsorbent
prepared from normal IgM or a macroglobulin, determina-
tion of anti-Id activity was performed by two methods: (a)
A hemagglutination assay in microtiter plates using horse
erythrocytes coated by the chromic chloride method (13) with
the patient's monoclonal IgM, the patient's IgG, and IgM from
normal healthy subjects. The titers were expressed as 1/log2
of the highest dilution of antisera giving agglutinationi. (b)
A radioimmunoassay in microtiter plates using sheep or guinea
pig anti-Id antibodies and l25I-labeled patient's monoclonal IgM.

In addition, a hemagglutination inhibition assay was used
to test the ability of anti-Id antibodies to react with the
combining site of monoclonal IgM as described previously (13).

Effect of anti-Id antisera on anti-SRBC PFC. To deter-
mine the effect of anti-Id antibody on spontaneous anti-SRBC
PFC, freshly drawn lymphocytes from the patient and from
three normal individuals were immediately placed in the
PFC assay with agar into which various dilutions of the
sheep and guinea pig pre- and postinmuinization antisera
were added. After 2 h of incubation guinea pig complement
was added and incubation was continued for an additional
hour. PFC were then counted using a dissecting microscope.

To determine the effect of anti-Id antibody on PWM-
induced PFC, various dilutions of the above antisera were
added on day 0 directly to lymphocyte cultures from the pa-
tient and three normal individuals in the presence and
absence of PWM.PFC were counted after 6 d of culture. In
separate experiments, to control for the carry-over of anti-Id
antibody from the cultures to the assay system, cultures were
done for 6 d in the presence of PWM, but without anti-Id
antibody. At the end of the 6-d culture period, a 1:30 dilution
of anti-Id was added to the cultures immediately before
harvesting. The cultures were then washed three times and
cells were placed in the PFC assay.

Determination of the presence of Id or anti-Id on cells.
To determine the presence of Id on the B cells of the patient
and normals, mononuclear cells were first incubated for 45 min

at 370C with either control media or a 1:100 dilution of
sheep preimmunization IgG or sheep IgG anti-Id. After
incubation, cells were washed and stained with fluoresceinated
goat anti-human Ig (14) to determine whether the anti-Il
blocked the expression of surface Ig.

To determine whether the idiotypic determiniants were
present on T cells, TCE suspensions were obtained from two
normal individuals by the E-rosette enrichment method (9)
and by the nylon wool column method, and from the patient
by the nylon wool method. The E-rosette enrichment method
was inadequate in obtaining purified TCE suspensions fromil the
patient, because the patient's B cells expressed surface Ig
with anti-SRBC activity and consequently bound to the
SRBCto form E rosettes (15).

The sheep control and anti-Id antisera were conjugated with
fluorescein isothiocyanate, and the TCE suspensions of the
patient and normals were assayed for the presence of i(liotypic
determinants.

To determine whether anti-Id determinants were present oni
T cells, nylon-purified TCE suspensions fronm the patient
and two normal individuals were preincubated for 30 min at
37°C with a 1:10 dilution of the patient's IgM, IgG, and a
normal IgM. Cells were washed and binding of the different
Ig was determinedl by reacting the cells with fluoresceinated
goat anti-human Ig.

RESULTS

Fractiotnation of seortuml oni Sephadex G-200 colinimns.
Normal serum pooled from four donors, as well as
serum from the patient, were fractionated separately
on Sephadex G-200 columns (Pharmacia Diagniostics,
Div. of Pharmacia Inc., Piscataway, N. J.). SRBC
hemagglutinins were tested on fractions that included
both IgM and IgG. Anti-SRBC hemagglutination ac-
tivity was found predominaintly in the IgM fractions
of the patient. These fractions were pooled and used to
raise anti-Id sera.

Determination of an ti-Id activity of guinlea pig an(1
sheep antisera. Data in Table I demonstrate that both
guinea pig and sheep antisera contain anti-IgM anti-
bodies but that after five adsorptions on pooled normal
human IgM only anti-Id antibodies were detected.
These five-times-adsorbed sera were subsequently
used in the radioimmunoassay. A dose-effect relation-
ship between the dilution of these antisera and the
binding of 1251-labeled IgM (patient) was observed
indicating that both guinea pig and sheep antisera
contain anti-Id antibodies (Fig. 1).

Specificity of anti-Id antisera. The ability of guinea
pig and sheep anti-Id antisera to react with the
combining site of the patient's IgM anti-SRBC anti-
bodies was studied in a hemagglutination inhibition
assay. The data presen-ted in Fig. 2 and Table II show
that only sheep anti-Id antibody was able to inhibit the
hemagglutinationi activity of the patient's IgM aniti-
SRBC antibodies. These data suggest that anti-Id
antibodies produced in sheep were comnbiniing site
specific, whereas guinea pig antibodies were directed
against some other antigenic determinant, probably
located on the framework of the variable region of the
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TABLE I
Hemnaggluitinatiotn Titer (log2) of Guinea Pig

and Sheep Anti-idiotypic Sera

Horse erythrocytes coated with:*

Numiiber of Waldeni-
a(lsorptionis str6m's

Origin of on human Patient Patient macro- Normiial
anti-Id serumii Ig.\M I 1g\ IgG globulini 1g\1

Guinea pig 0 >24§ 0 20 19
4 6 0 3 1
5 4 0 0 0

Sheep 0 20 0 14 15
4 5 0 2 1
5 5 0 0 0

* Chromic chloride method was used to coat horse erythro-
cytes with various proteins (see Methods).
t 1 ml of ammonium sulfate-precipitated Ig fraction, pre-
pared from Sephadex G-200-separated IgM, was adsorbed on
100 mg of immunoadsorbent from four normal pooled serum.
§ Hemagglutination titer (log2).

IgM anti-SRBC antibody, but apparently not related to
the combining site.

Effect of antti-Id antisera otn sponitanieous anlti-SRBC
PFC. The effect of various dilutions of the anti-Id
antisera on the spontaneous anti-SRBC PFC from the
patient is shown in Fig. 3. Neither sheep nor guinea
pig preimmunization sera inhibited spontaneous anti-
SRBC PFC at any dilution tested. However, the
sheep anti-Id that is most likely specific for the anti-
SRBC combining site completely suppressed PFC
responses at dilutions of 1:100 and 1:300, and sup-
pressed to almost 50%of control at a dilution of 1:1,000.
On the other hand, the guinea pig anti-Id, which, as
shown in Fig. 2 and Table II, is likely specific for
determinants other than the combining site of the
idiotypic antibody, failed to suppress PFC responses.

Because normal individuals do not express sponta-
neous anti-SRBC PFCbefore culture with PWM,it was
impossible to determine the effect of the various anti-Id
antisera on unstimulated normal lymphocytes.

Effect of anti-Id antisera on1 PWVM-inidtuced anti-
SRBCPFC. The effects of various dilutions of anti-Id
antisera on the PWM-induced anti-SRBC PFC of a
normal individual and the patient are shown in Figs.
4 and 5, respectively. Neither preimmunization nor
anti-Id antisera from sheep or guinea pig suppressed
the PWM-induced PFC of the normal individual (Fig.
4). This experiment was done three times using three
different normnal subjects and the results were similar
in each, i.e., no suppression. With the patient there
was no suppression with either sheep or guinea pig
preimmnunization sera. However, sheep anti-Id anti-
serumn, which blocks the combining site of the patient's
monoclonal IgM anti-SRBC antibody, markedly sup-
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FIGURE 1 Binding of various antisera to '25I-labeled patient
IgM. Neither sheep nor guinea pig preimmunization antisera
bound to the patient's IgM. However, both sheep and guinea
pig postimmunization antisera, after multiple adsorptions with
pooled normal IgM and a macroglobulin from a patient with
Waldenstrom's macroglobulinemia, did not bind to normal
IgM (Table I). Hence, both sheep and guinea pig post-
immnunization antisera were directed against the patient's IgM
idiotype. *, sheep preimmunization; 0, sheep anti-Id; A,
guinea pig preimmllunization; A, guinea pig anti-Id.

pressed the PWM-induced anti-SRBC PFC at a dilu-
tion of 1:30. In addition, there was a lesser degree of,
but nonetheless obvious suppression at higher dilutions
(Fig. 5). On the other hand, the guinea pig anti-Id anti-
serum, which reacts with noncombining site deter-
minants, did not suppress.

It was highly unlikely that the suppression seen in
the PWM-stimulated cultures, which contained sheep
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FIGuRE 2 Inhibition by various antisera of the hemagglutina-
tion of SRBCby the patient's monoclonal IgM. Both the sheep
antibody directed against normal IgM and the patient's IgG
and guinea pig antibody directed against the patient's IgM
failed to inhibit hemagglutination of SRBCby the patient's
IgM. However, sheep antibody directed against the patient's
IgM clearly inhibited hemagglutination in a concentration-
dependent fashion. *, sheep anti-IgM (patient); 0, sheep anti-
IgM (normal); A, sheep anti-IgG (patient); A, guinea pig
anti-IgM (patient).
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TABLE II
Inhibitiotn by Anti-idiot ypic Sera of Hemagglutintation

of SRBCby Patient's Monioclotnal IgM

Heinagglutination inhibition titer
Origin of serum (log2)

Guinea pig preimnmunization 0
Guinea pig anti-Id 0
Sheep preimmunization 0
Sheep anti-Id 6

anti-Id antibody, was the result of the carry-over of the
anti-Id antibody from the culture to the assay system,
which then blocked not the secretion of antibody but
the binding of anti-SRBC antibody to the target erythro-
cytes. In control experiments in which anti-Id antibody
in a dilution of 1:30 was added to the cultures not at the
beginning of the 6-d culture but at the termination,
immediately before harvesting, no suppression of PFC
responses was observed.

Determination of Id on B cells. The patient's mono-
nuclear cells and those of two normals were incubated
for 45 min at 37°C with either control media or a 1:100
dilution of sheep preimmunization IgG or sheep IgG
anti-Id. After incubation, cells were washed and stained

140 k

DILUTION OFANTISERUM

FIGURE 4 Effect of various antisera on the PWM-induced
anti-SRBC PFC response of normal lymphocytes. The anti-
sera were added to cultures on day 0 with PWM,and anti-
SRBC PFC responses were measured after 6 d of culture.
Neither the pre- nor postimmunization antisera from sheep or
guinea pig suppressed the anti-SRBC PFC responses. 0,
sheep preimmunization; 0, sheep anti-Id; A, guinea pig
preimmunization; A, guinea pig anti-Id.
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FIGURE 3 Effect of various dilutions of
taneous (day 0) anti-SRBC PFC resp(
lymphocytes. Only the sheep anti-Id sur
anti-SRBC PFC responses. 0, sheep I
sheep anti-Id; A, guinea pig preimmuni
anti-Id.

with fluoresceinated goat anti-human Ig. Preincubation
with neither sheep preimmunization nor sheep IgG
anti-Id blocked the subsequent staining of the normal B
lymphocytes with fluoresceinated goat anti-human Ig.
With the patient, preincubation with sheep preim-
munization IgG did not block, but sheep anti-Id com-
pletely blocked the detection of surface Ig by the
fluoreseeinated goat anti-human Ig reagent.

Presence of Id on T cells. Purified T cells from the
000 1:3000 1:10,000 patient and two normals were assayed for the presence

of Id by staining with the fluoresceinated sheep IgG
rISERUM anti-Id. Id determinants were not detected on T cells
Fanitisera on the spoIn- of either the patient or the normal.
mnse of the patient's Presence of anti-Id on T cells. Purified T cells fron
.)pressed spontanleouis

reimunization; . .the patient and two normals were preincubated for 30pzraetiOnm;AngZione pg min at 37°C with a 1:10 dilution of the patient's IgM,
IgG, and normal IgM. Cells were then washed and
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FIGURE 5 Effect of various anitisera on the PWM-induced
atiuti-SRBC PFC response of the patient's lymphocytes. The

antisera Nwere added to cutltures on daty 0 together with P\V\I,
aind anti-SRBC PFC respoonses were meastired after 6 d of
culture. ()nly the sheep anti-I(l antiserulm suippressed the anlti-
SRBCPFC responses. *, shleep preiiiimntunizationi; 0, sheep

aniti-Id; A, guiniiea pig preimnmunization; A, guinea pig anti-I(l.

staine(l with fluoreseeiiaited sheel) anti-huimian Ig. No
stainiing was observed with patient or norimial T cells.
Hencee, anlti-Id was not detectable on the patient's
T cells.

DISCUSSION

.Most pLatients with C(LL milaniifest a monoclonal piro-
liferation of B cells (16, 17). Although surface Ig cani be
deiionstrated on the surface of a major portion of the
leukeinic lymllplhocytes in patients with CLL, there is
frequently a defect in the ability of these cells to

terimiinally differentiate into Ig-secretinig cells (16-18).
However, the miaturational .defect is variable amilong
patienits in that leuikemic B cells froii certain (CLL
patients lhave been demonstrated to synthesize and

secrete Ig (19). In fact, in line with the muonoclonal
niatuire of the B-cell proliferation, a recenit stuidy has
elegantly described a patieint wvith CLL in whiomil the
IgMI onl the surface inemnbrane of the lyvmphocytes, the
intracellutlar Ig.M in the differeintiate(l plasmna cells,
aind the aloinocloinal IgM in the serumiii were slhown to
I)e idiots pically ideintical (20).

The ('Ll, patienlt reported in the presenit stuidy pro-
vid(lc a uini(quie opportunity to examiniiie the effect of
anti-Id antisera on the reguilattion of' huian B-cell
fiunctioni. The tw o feattiures that allowed this approach
wvere that the CLL lymiphocytes were capable of
secreting Ig\I, aind( the Ig.M in the serumil was idio-
typically identical to the suirfaice IgM on the leuikemilic
B cells. More ilnportantly, the B cell surface IgNM1 and
the seruimii IgM had specificity for SRBC, milaking the
spontaneous and miiitogei-indtee(d IgM secretioni easily
detectable at the single cell level by an hemicolysis-in-
gel anti-SRBC( PFC assaty (10, 11). A CLL pittient whose
letikemilic B cells expressed surface Ig that reacted with
SIIBC to formii rosettes has been previously reported
(21). Ilowever, Ig secretioni was inot determiniie(l. In the
p)resent study, not only did the patient's leukeimic B
cells spontanMeolIsly secrete anti-SRBC antibody, but
they -ouild also be iniuitced ly PW.M to differentiate
fulrthier in culture to secrete the SRBC-specific antibody.
Because the PXVM-induced ainti-SRBC response by
hiiuman peripheral blood B lyinphocytes is a T-cell-
dependenit phenoinenorl (9), one would expect that the
pattienit's T cells could provide lhelper activity. As a

imatter of faet, this was the case as fuirther demoinstrated
by the fact thtat this pLatient's irradiated T cells pro-
vided ade(Ituate help toward PWNI-stinmulated anti-
SRBCPFC responises of norimial allogeneic co-cultuires.2
In this regard, we have previously reported the ability
of T cells fromil CLL patients to provide helper effects
in this systemn (22). This is somilewhat at variance with
previouis reports of al helper T-cell defect in CLL (23).
However, the latter stuidies were not employiing the
PWMI-induiced anti-SRBC PFC systemi.

In the present stuidy, using ptirified serum mono-
clonal IgMI with anti-SRBC specificity, we succeeded
in raisinig aniti-Id antibody. The anti-Id not only directly
blocked the spointaneous secretion of anti-SRBC anti-
body by the leukeinic B cells, but also blocked the
P%WM-induced anti-SRBC PFC responses of these cells
after 6 d in culture. The suppression was less dramatic
thani that of the spontanieotisly secreting B cells, but it
w.vas nonetheless profoutnd.

The miechlianisns whereby this ainti-Id antibody sUp-
pressed the secretion of aniti-SRBC antibody by the
patient's leitkemiiic B cells is unclear at present. It is
possible that the anti-Id antibody directly suppressed
the futnctioln of genes that vere differentiated, i.e., the

2 Fauci, A. S. Unipublished observations.
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VHand VL genes of the CLL B cells. However, there are
other alternatives that have not been completely ruled
out. For example, the anti-Id antibody may have been
directly cytotoxic to the CLL cells. This is unlikely,
however, because the viability of the cells was not
altered by the anti-Id antibody. Alternatively, the anti-
Id antibody could have been bound to and blocked the
anti-SRBC antibody in the agar after it had been
secreted. This might explain the effect of the anti-Id
antibody in the experiments in which the antibody was
added directly to the assay system in the detection
of spontaneously secreting anti-SRBC antibody on day
0. However, it is highly unlikely in cultures stimulated
with PWMand subsequently washed three times that
enough anti-Id antibody could have been carried over
into the assay system to interfere with the binding of
antibody and thus explain the suppression by that
mechanism. To directly control for this possibility,
experiments were carried out in which the patient's
lymphocytes were cultured for 6 d with PWMin the
absence of the sheep anti-Id antibody. At the termina-
tion of culture, a 1:30 dilution of the anti-Id was added
to culture immediately before harvesting and plaquing.
The cultures were then washed three times and the
cells plated for plaquing. Under these circumstances,
there was no inhibition of the PFC response. Thus,
although it is still conceivable that there could have
been carry-over anti-Id from the original PWM-stimulated
cultures that contained anti-Id into the assay system,
the latter control experiment makes this highly unlikely.
It is also unlikely that the anti-Id blocked the PWM
receptor on the CLL lymphocyte because even the
spontaneous secretion of anti-SRBC antibody was
blocked by the anti-Id.

The suppression was not overcome by a powerful
stimulus such as a polyclonal B-cell activator, in this
case, PWM.This is of interest in that other data have
indicated that tolerance induced by antigen or antibody
(allotypic suppression) could be broken by polyclonal
B-cell activators (24,25). It should be pointed out, given
the report of idiotypic determinants on T cells (26), that
neither idiotypic determinants nor anti-Id activity
could be demonstrated on the surface of the patient's
T cells.

Thus, the present study has clearly demonstrated
idiotypic suppression of antibody secretion by humnan
leukemic B cells in vitro. Although the B cells studied
were clearly abnormal, these findings emphasize the
real and potential role of anti-Id antibodies in the
immunoregulation of human B-cell function.
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