W) Check for updates

Idiotype Immunization Combined With Granulocyte-Macrophage
Colony-Stimulating Factor in Myeloma Patients Induced Type |, Major

Histocompatibility Complex—Restricted, CD8- and CD4-Specific T-Cell Responses

By Anders ésterborg, Qing Yi, Lotta Henriksson, Jan Fagerberg, Susanne Bergenbrant,
Mahmood Jeddi-Tehrani, Ulla Rudén, Ann-Kari Lefvert, Géran Holm, and Hakan Mellstedt

Idiotypic structures expressed on the myeloma Ig protein
might be regarded as a tumor-specific antigen. Five patients
with IgG myeloma were immunized with the purified serum
M-component by repeated intradermal injections together
with soluble granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF). All patients developed an idiotype (Id)-specific
T-cell immunity, defined as blood T cells predominantly
secreting interferon-y (IFN-y) and interleukin-2 (IL-2) (type |
cells). Id-specific DNA synthesis was induced in one patient.
Delayed-type hypersensitivity against the Id was not evoked.
The specific IFN-y/IL-2 T-cell response was inhibited (46% to
100%) by a major histocompatibility complex (MHC) class |

monoclonal antibody (MoADb) in all five patients. A 5% to 37%
inhibition by an MHC class Il MoAb was seen in four patients.
CD4+ as well as CD8* T cells enriched by magnetic mi-
crobeads contained Id-specific cells. The T cells recognized
peptides corresponding to the complementarity-determin-
ing regions 1, 2, and 3 of the heavy chain of the Id. There was
a transient rise of B cells producing IgM anti-idiotypic
antibodies in all patients. The results indicate that immuniza-
tion of myeloma patients using the autologous M-compo-
nent and soluble GM-CSF may evoke an Id-specific predomi-
nantly MHC class I-restricted type | T-cell response.

© 1998 by The American Society of Hematology.

ULTIPLE MYELOMA (MM) is a lymphoproliferative Preparation of monoclonal IgG and F(&k fragments. The proce-
disorder characterized by a clonal proliferation of B dure has been described in detéiBriefly, serum was applied to a
cells producing a monoclonal Ig that can be detected in thesterile mabTrapG column (Pharmacia, Uppsala, Sweden). 19G was
serum and/or urine. The unique clonal idiotypic Ig structures are?'uted with 0.1 m glycine-HCI (pH 2.7). Isoelectric focusing (Pharma-
expressed on the cell surface of the myeloma B detiad cia Phast system) estimated that more than 90% of the IgG was

. . . . onoclonal. The monoclonal 1IgG was dialysed against sterile NaCl
peptides of the idiotypic Ig may be presented in the groove of°2: by filtration through a Millipore filter (0.20 um). F(9b

majorhistocompatibility complex (MHC) molecules of the fagments were prepared by pepsin digestion. Fédfbagments from
clonal tumor B cell$:® The idiotypic structures may serve as monoclonal IgG of other myeloma patients were used as controls and
tumor-specific antigen‘SThe surface-localized, tumor-derived were prepared in the same way as the autologous IgG.

idiotypes (Id) may elicit a humoral and cellular anti-idiotypic  Production of complementarity-determining region (CDR) peptides.
response® that may control the growth of the myeloma B-cell Total RNA was extracted from a patient's (no. 4) bone marrow
clone. Active immunization using the autologous monoclonal Igsample!’ First-strand cDNA was synthesized followed by polymerase
as a vaccine may confer resistance to tumor cell challenge ihain reaction (PCR) using family-specific IgH variable gene frame-
murine myeloma and B-cell ymphom#4g? work 1-specific oligonucleotides as Hrimer and an IgH constant

» T m 810 .
Exogenous antigens are processed and presented by antigeﬁi—ne specific 3 primer The PCR products were subjected to

) t lys®® usi tomati i hine (ALF,
presenting cells (APC). Both the exogenous and endogenoul§hgmen analysiS using an automatic sequencing machine (

; o armacia). Based on the fragment analysis result (single peak), the
presentation pathways may be USeeulting in either MHC relevant PCR product was ligated into the pGEM-T vector (Amersham,

class Il or | presentatiohThe functional activity of APC may  cleveland, OH) and transformed to tRscherichia colistrain JM109.

be augmented by granulocyte-macrophage colony-stimulatingen positive colonies, screened by PCR, were isolated and plasmids
factor (GM-CSF)%tIn vivo soluble GM-CSF has been shown containing the cloned inserts prepared. They were then sequenced using
to enhance the humoral response against hepatitis B vacine pPGEM-T vector primers (Sp6 and T7). Ten out of 10 clones showed the
In a comparative study, tumor cells engineered to secretéame sequence, which confirmed the monoclonality of the PCR product
GM-CSF were the most potent stimulators of a specific2s suggested by fragment analysis. This proved that this sequence was
anti-tumor immunity-3 carried by the tumor B-cell population.
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The amino acid (aa) sequence of the tumor IgH was deduced from th
nucleotide sequence, and peptides corresponding to the full CDR 1-¢y
regions including 2-4 flanking aa were synthesized. The length of the%
CDR1, 2, and 3 peptides were 15, 20, and 20 aa, respectively®
Solid-phase peptide synthesis was performed with 9-fluorenylmethoxy's
carbonyl methodolog$* Z

Preparation of Id vaccine. Equal volumes of sterile filtered mono-
clonal 1IgG and alum suspension (National Bacteriological Lab, Stock- o
holm, Sweden) were mixed under aseptic conditions and adjusted witl'd
sterile 0.9% NaCl to a final IgG concentration of 1 mg/mL. Tests for
sterility, pyrogens, and viruses were negafive.

Immunization protocol. Patients were immunized day 1 intraderma-
lly with 0.5 mg of the autologous Id vaccine. Seventy-five pg of .
GM-CSF (Schering-Plough, Kenilworth, NJ) was injected subcutane- 0,0001 0,001 0,01 0,1 1 10 100 1000 10000
ously at the same site daily, days 1 to 4. The complete procedure wa
repeated after 2, 4, 6, 8, and 14 weeks. lg concentration (ng/ml)

Proliferation assay (DNA synthesis)The method has been de-
scribed in detail earlie-24Peripheral blood mononuclear cells (PBMC) ~ Fig 1. Dose-response relationship of IFN-y-secreting cells/105
were stimulated with purified F(& fragments of the autologous PBMC after incubation with F(ab’), fragments of autologous (M) and
monoclonal IgG (1 pg/mL to 100 pg/mL) as well as with four allogeneic isotypic control (1) monoclonal IgG.
monoclonal isotype-matched IgG from other myeloma patients purified
in the same way and cultured for 6 day¥iJthymidine was added

ells /

Stim. no

during the last 18 h ConA (40 ua/mL) and PPD (2.5 ug/mL five healthy controls were stimulated with the five different monoclonal
uring the fas ours. ConA (40 ug/mL) an (2.5 pg/m )WerelgGs and the mean- 2 SD of stimulated number of spots was, for

used as positive controls. Tests were run in triplicates, and mear|1FN_y 10 spots (range 0 to 12); for IL-2, 4 spots (range, O to 9); and for
reactivity was calculated for each triplicate. For each testing time, the"__4 éspots (range, 0 to 6) ' ' ' '

highest mean value of a triplicate obtained from the five different Anti-Id antibody assay. The ELISPOT assay was also used for
concentrations of the Id was used. Stimulation index (SI) was calculatecéjetection of B cells seéreting IgM antibodies binding to Ffab

by dividing the mean radioactivity for a triplicate of stimulated cells by fragments of the autologous monoclonal 1§GThe coefficient of
that of unstimulated cells. The test was performed thrice before the firsbariation between duplicates was 9%. The mea2 SD number of

Immunization. Th_e mea# 2 SD stimulation index of the patients “S"‘g spots for five healthy donors using 12 different monoclonal IgGs was 5
the four control isotypes was 2.68 (range, 0.76 to 3.04) and of f've(range 0t06)

healthy controls using the five different monoclonal IgGs 2.15 (range, MHC-restricted T-cell response.To study MHC restriction of the

0.55 t0 2.84). A cut-off level of Iesf than or equal to 3.20 was used Inspecific T-cell response, mouse MoAbs (IgG2b) against MHC class Il

accordance with pre\{lous rgpo?t’sz. ) molecules (HLA-DR; Immunotec, Marseille, France) or class | mol-
Rever_se enzyme—lmked Immunospot (E.LISPOT) assay ('me"feron'ecules (HLA-ABC; Chemicon International Inc, Temecula, CA) were

(IFN-v), interleukin-2 (IL-2) and IL-4 secreting cells).The ELISPOT 4,4 (1 pg/mL) to the ELISPOT assay for the whole incubation period.

asszy fordldent_lkfjlg?;atzlgg (.)fﬂIFPtE'\I/:EZ_l‘ )i)rllcl)gf—flecretlng cellbs \tNZS One microgram per milliliter of the blocking antibody was optimal as
used as describea: brietly, ( well) were incubate previously showr?? As a control, a nonrelevant mouse IgGvoAb

with F(ab), fragments of the autqlogous orisotypic monoclonal IgG _(1 (Immunotec) was used. Results are expressed as percent inhibition
pg/mL to 1 pg/mL) or CDR peptides (1 to 10 pg/mL) for 48 hours in compared with cultures without the addition of MHC MoAbs. The
humidified air with 5% CQ at 37°C. As previously reported;?® 10 unspecific inhibition was 0% to 15%

pg/mL of F(abf), fragments was found to be optimal in the ELISPOT Functional analyses of T-cell subsets€CD4 and CD8 T cells were

assay in a!l the pat_|ents and "_’sed for subsequent expen_ment;. enriched from freshly prepared PBMC by antibody-coated magnetic
representative experiment showing the dose-response relationship icrobeads (MiniMACS, Miltenyi Biotec GmbH, Bergisch Gladbach
Ig-induced cytokine secreting cells is depicted in Fig 1. Low concentra-Germany) according to t’he manufacturer’s recor’nmendation. The pur’ity
tions (0.1 to 100 pg/mL) of the Id induced a specific response, wherea%f the respective CD# and CD8 T-cell fractions was greater than
athigh concentrations (0.1 to 10 ug/mL) the ld-induced T-cell reSPONS&y 5oy, Monocytes were collected by incubation of PBMC in a Petri dish
was less marked as indicated by the increasing numbers of cells als%r 30 minutes at 37°C. CD4and CD8 T cells, respectively, were then

stlncmjglatedl by tgi;o;y: ¢ /moLnocIocr;al Al\gcio Ce/IISLmCUbaIEd V(‘j"th cultured with 5% autologous adherent cells with or without the addition
medium alone, (2.5 pg/mL) or ConA (10 pg/mL), were use aSof F(ab), fragments of the autologous or isotypic control IgG and

positive controls. Spots corresponding to cytokine-secreting cells Wer%nalyzed for cytokine secretion as described above
counted blindly under a dissection microscope. All samples were )

Delayed-type hypersensitivity (DTH)When a positive in vitro
incubated in duplicate wells. The coefficient of variation between yed-type hyp v ( ) P

duplicat 8.5% T-cell response was noted, sterile autologous monoclonal IgG (0.1 mg)
uplicates was 8.57. and a control human pooled polyclonal IgG (Gammaglobulin Kabi 165

IL'I;he resIEIZS are tatxpress;fcifglsjéﬁcnlfrn;beri Ofl sttlr(;\ulategerFNf- mg/mL, Pharmacia; 0.1 mg) were injected intradermally. Induration and
“em Of T-4-Secreting cells - 'he stimulated number ot ¢ vihema were measured 24 to 72 hours after the inje&tizh.

spots (total number of spots minus the number of spots in cultures with Statistical methods. The Mann-WhitneyU-test was used to com-

thrice bef the first i zati Th b £ mit %are differences between data obtained before and during immuniza-
rice betore the Tirst immunization. The mean number of MIOgeN;,, ang petween autologous and isotypic (control) 1gG.

(ConA)-induced spots was, for IFM-80 spots (range, 30 to 250); for

IL-2, 41 spots (range_, 20 to 88), and for IL-4, 32_sp0ts_(range, _20 to 80). RESULTS
The mean+ 2 SD stimulated number of spots in patients using three . . .
isotype-matched (control) 1gG F(9b fragments was, for IFNy, 9 Id-specific T-cell response (DNA synthesisPne patient

spots (range 0 to 14); for IL-2, 7 spots (range, O to 14); and for IL-4, 6 (N0. 1) developed an Id-specific T-cell response in the high-dose
spots (range, 0 to 14). As another control for specificity, PBMC from range (1 to 100 pg/mL of autologous F(ghfragments; Fig 2).
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600 7 (5593) long time period, and specific IFN—-secreting cells could be

detected 1 year after immunization was terminated.
MHC restriction of the Id-specific T-cell responseMouse

cpm

MoAb markedly suppressed the specific IR IL-2 response

vy v v

30

T T T T L}
o 1076 1074 1072 100 102 25

Ig concentration (ug/ml) 20

Fig 2. DNA synthesis ([*H]-thymidine incorporation) in PBMC of
patient no. 1 (week 14) stimulated with F(ab’), fragments of the
autologous monoclonal IgG (®), F(ab’), fragments of isotypic control
monoclonal IgG (O), and pooled human polyclonal 1gG (A) (cpm of
PBMC cultured in medium alone was 130). The values for PPD-(2.5
rg/mL) and ConA (40 pg/mL)-stimulated PBMC were 3,933 and
78,865 cpm, respectively.

Stim. no of cells / 10° PBMC >

. . . . 35 7
The proliferative response gradually increased until week 14

(Sl = 43.0 at the highest concentration [100 pg/mL]) but had
disappeared at week 16 and remained then negative. The other
patients showed no Id-specific proliferative response(S8120).

Id-specific T-cell response (IFN- IL-2, IL-4 secretion)
(ELISPOT). Before immunization, all patients had low num-
bers of Id-induced, cytokine-secreting T cells. The median
number of spots for IFN¢ was 7 (range 4 to 14); for IL-2 5
(range 3 to 9); and for IL-4, 3 (range 1 to 6). During
immunization the numbers of specific IFiN-and IL-2—
secreting cells increased in all five patients. The differences
compared with week 0 were statistically significaht .05) at
three of four points of time (week 4, 8, and 16) for IRNand at
two of four points (week 8 and 16) for IL-2 (Fig 3A and B). No
significant IL-4 response was induced (Fig 3C). The H-and
IL-2 responses, respectively, induced by the autologous mono-
clonal 1gG were statistically significantly higher than those
induced by the isotypic control monoclonal IgB € .05) at all
points (Figs 3A and B). There were no significant changes in the
number of cells responding to isotypic control IgG during the
immunization period.

The time kinetics pattern of Id-induced, cytokine-secreting
cells is exemplified by patient no. 2 in Fig 4. An increase in the 05 - : - C ; i . X
number of IFNy— and IL-2—secreting cells, respectively, was 0 2 4 6 8 10 12 14 16
seen by rgpeated immunizations. IL-4—secreting cells remained Time (Weeks)
low, as did the number of IFN—, IL-2—, and IL-4—secreting
cells induced by the isotypic control monoclonal 1gG. Indi- Fig 3. Time kinetics of cytokine-secreting cells/105 PBMC. PBMC
vidual data on IFNy— and IL-4—secreting cells of all patients were stimulated in vitro with F(ab’), fragments of the autologous (®)
are summarized in Table 1. The number of Id-induced, 4=N- or isot_ypic control (O) monoclonal IgG (10 pg/mL). Number of cells

. . . ecreting IFN-y. (A), IL-2 (B), and IL-4 (C) was assessed by ELISPOT.
producing cells reached a plateau in most patients after 2 to %,,ean + SEM (n = 5) for each time point are shown. The numbers of
immunizations. Id-induced, IL-4—Secreting cells remained |0W|FN-'Y— and IL-2-secreting cells induced by the autologous monoclo-
except for patient nos. 4 and 5, who showed positive values atal IgG was statistically significantly higher compared with week 0 at
the end of the immunization period/at follow-up. During diﬁelr:”t Pf‘:'F“'\fS (*’;TL-SF’B :*P;Lal)- At t"_"” polilnt§ gf “g‘s EEE
unmaintained fo”qw_Up’ idic_)type-SpeCiﬂc IF-secreting cells Zﬂgloegrzjs IgGﬁ\(/\?enre si-gﬁif:i:arr]w(t)Iy c;if';zs:r:‘te égi(;earséc;nw?t;etheyisoe—
were detectable in all patients 1 to 3 months after the Ias&ypic control monoclonal IgG (P < .05). Arrows indicate immuniza-
immunization. Only one patient (no. 2) was followed-up for a tion times.

30

Stim. no of cells / 105 PBMC =2

35

30

25

20

10

Stim. no of cells / 10° PBMC (™

MoAbs against human MHC class | or Il molecules were used
to inhibit the Id-induced T-cell response in vitro. MHC class |
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IR ’

Stim. no of cells / 105 PBMC

0 2 4 6 8 10 12 14 16

Time (weeks)

Fig 4. Time kinetics of cytokine secreting cells/105 PBMC in
patient no. 2. PBMC were stimulated in vitro with F(ab’), fragments of
the autologous monoclonal IgG (10 pg/mL). Number of cells secreting
IFN-y (M), IL-2 (A), and IL-4 (®) was assessed by ELISPOT. Number of
cells secreting IFN-y (O), IL-2 (A), and IL-4 (O) induced by control
monoclonal IgG. Arrows indicate immunization times.

in four out of five patients (83% to 98% inhibition; Fig. 5). In
the remaining patient (no. 1), MHC class | MoAb induced an
inhibition of 46%. MHC class Il MoAb had an inhibitory effect

on IFN-y or IL-2 secretion varying between 5% and 37%.

Table 1. Numbers of Idiotype- and Isotype-Stimulated IFN-y- and
IL-4-Secreting Cells at Different Time Points From Start of
Immunization in Myeloma Patients Immunized With the
Autologous Idiotype

Weeks Unmaintained
Patient No. o* 4 8 16 Follow-up
IFN-y-secreting cells/10° PBMC

1: Idiotype 9 31 22 10 20(w20)*
Isotype 1 2 3 4 4

2: |diotype 4 10 21 36 15 (w65)
Isotype 1 2 2 11 2

3: Idiotype 5 27 15 7 23 (w28)
Isotype 2 8 2 2 ND

4: |diotype 14 17 16 31 17 (w24)
Isotype 2 4 2 2 10

5: Idiotype 6 53 18 40 25 (w26)
Isotype 4 6 7 9 3

IL-4-secreting cells/10° PBMC

1: Idiotype 4 10 2 9 6 (w20)
Isotype 2 1 0 1 1

2: Idiotype 1 1 4 1 1 (w65)
Isotype 0 1 2 0 0

3: Idiotype 6 2 3 5 3 (w28)
Isotype 3 6 1 2 ND

4: |diotype 4 4 4 14 19 (w27)
Isotype 1 3 2 9 7

5: Idiotype 4 6 5 15 16 (w26)
Isotype 1 3 0 2 1

*Mean of three analyses done at three different pretreatment time
points.

TWeek from start of immunization.

Abbreviations: ND, not done; w, week.
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Fig 5. Inhibition of Id-induced IFN-y (P1, P2, P4, P5) or IL-2 (P3)
cytokine-secreting cells by MHC antibodies (ELISPOT) (mean + SEM).
PBMC were stimulated in vitro by F(ab’), fragments of the autologous
monoclonal IgG (10 pg/mL) in the presence or absence of mouse
MoAbs against human MHC class Il (l), MHC class | molecules ({4), or
control mouse 1gG , () (1 pwg/mL). The absolute number of cells/10°
PBMC after stimulation with the autologous monoclonal IgG (in the
absence of blocking antibodies) for patient nos. 1 through 5 were 18,
30, 22, 16, and 19 cells, respectively. The corresponding numbers
obtained with isotypic control IgG were 3, 1, 4, 2, and 3 cells,
respectively. Results are expressed as percent inhibition compared
with cells incubated without the blocking MoAbs.

Subset restriction of the Id-specific T-cell responsEnrich-
ment of T-cell subsets by magnetic microbeads was done in two
patients (nos. 1 and 3). The Id-specific IFNresponse was
confined to both CD8and CD4' cells (Fig 6).

Epitope mapping of Id-specific T-cell respons&ifteen to
20 aa long peptides of the heavy chain CDR 1, 2, and 3 regions,
respectively, of the monoclonal 1gG of patient no. 4 were
synthesized. Corresponding peptides of a control myeloma
monoclonal IgG were also produced. High numbers of IL-2—
secreting cells specifically recognizing the CDR 1, 2, and 3
peptides of the autologous but not the allogeneic Ids were noted
(Fig 7A). The CDR 1—, CDR3—, and F(3b fragment—induced
specific responses were abrogated by MHC class | MoAb but
not by MHC class Il MoAb, whereas the CDR2-induced IL-2
response was predominantly class Il restricted. No significant
IL-4 response was induced by CDR 1-3 peptides (Fig 7B).

Id-specific T cells in vivo (DTH). None of the patients
developed a DTH reaction against the autologous IgG M-
component (data not shown).

Anti-idiotypic (IgM) humoral response.All five patients
developed B cells secreting IgM antibodies binding to Fiab
fragments of the autologous monoclonal 1gG (Fig 8). The
differences between week 0 and weeks 8 and 10, respectively,
were statistically significantR < .05 andP < .01). The anti-
idiotypic IgM response induced by the autologous monoclonal
IgG was statistically significantly higher than that induced by
the isotypic control monoclonal IgG at all point® € .05).
There were no significant changes in the number of cells
reactive with the isotypic control IgG during the immunization
period. The anti-idiotypic IgM humoral response was transient.
In all but one patient (no. 3), the IgM antibody response had
diminished by the end of the immunization period.
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A tration as well as the background serum Ig levels of the other
four patients remained stable (data not shown).
40
o DISCUSSION
=
D 59 Immunization using the autologous myeloma protein—
o expressing idiotypic determinants may induce anti-idiotypic
Z antibodies and anti-idiotypic T cells in animals and hu-
% 20 mans®22.28Protective and therapeutic antitumor immunity were
.; induced in animals with transplantable plasmacytofi&#8The
) immune effector functions are, however, not completely under-
g 10 stood. Cell-mediated immunity seemed to be of import&nce,
= but antibodies might also have contributed to the rejection of the
o plasmacytoma cel¥:3! Effector cells may belong to the
CD4Thy,, CDATh, or the classical CD8 CTL subséets3
B 60 -
40 - Q ]
Q E 50
2 & ) a !
a 30 o ]
2 © 40 A 7
- -
3 T
3 207 7_'_— 2 304
S 3 |0 !
(<] (3 N ?///
o N
€ 10 S 20 % \ %
: N IR N
. 104 P4 . N
o Ai £ 7 '% N >, 7
PBMC CDa+ CD8+ S o % N NS ‘s
Cell subsets CDR1 CDR2 CDR3 F(ab")2
Fig 6. Stimulated number of Id-induced IFN-y cytokine-secreting
cells/105 cells (ELISPOT) in CD4+ and CD8* T-cell subpopulations from
patients no. 1 (A) and no. 3 (B), enriched from PBMC by magnetic B

microbeads. CD4* and CD8+* cells, respectively, were cultured with
5% autologous adherent cells in the presence of F(ab’), fragments of 60 -
the autologous () or isotype-matched allogeneic (1) monoclonal
19G (10 pg/mL). Standard error of means are shown on top of each
column.

50

10 SPBMC

40
Clinical effects. All patients had a stable IgG M-component

concentration for at least 12 months before study entry anc @ 3¢ -
reduced (below the normal range) background Ig (IgM, 1gA) E
levels. One patient (no. 2) was diagnosed with myeloma-relate! «=
osteolytic lesions of the eighth thoracic vertebra and the eightt
left rib. The IgG M-component concentration was 25 g/L. No
increased number of plasma cells in a bone marrow sampl
(obtained from the iliac crest) was found. The patient receivec #=
local radiotherapy (40 Gy) 55 weeks before immunization, and
the M-component concentration then remained stable at 20 g/_ CDR1 CDR2 CDR3 F(ab’)2
until start of immunization. During immunization, the M- ) ) ) i

. Fig 7. CDR 1-3 peptide-reactive T-cells (ELISPOT) secreting IL-2 (A)
component concentration decreased to 7 g/L. At follow-up 1and IL-4 (B). PBMC of patient no. 4 were stimulated in vitro with
year after commencement of immunization, the M-componentutologous (7) or allogeneic (0) peptides 15-20 aa long correspond-
concentration remained at 7 g/L. In parallel, background seruning to the CDR1, 2, and 3 regions of the heavy chain and by F(ab’),
Ig levels were normalized. IgA concentration increased fromlf;ai%]rgjsgz :’;S”:)en::fzz;@';zz ?sizogéoﬁa' :Sseeé).o:t;foizzollzgzgz
13g/Lto19glL an_d IgM concentratlon from 0.2 g/L to (_)'6 against humag MHC class I ()yor MI—FI)C class | (&) (1 pmg/mL)
g/L. There was no urine excretion of the M-component or light mojecules. Standard error of means are shown on top of each
chains during the observation period. The M-component concereolumn.
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v v v v v v tumor cells also required CD4as well as CD8 T cells. A
207 humoral response was not detect&tinmunization of animals
o with an 1d-GM-CSF fusion protein was capable of inducing an
154 Id-specific humoral anti-tumor immunity protecting the animals
from a subsequent challenge with the Id-bearing tumor églls.
The use of soluble GM-CSF as an adjuvant induced a more
efficient cellular response against “self” tumor-associated pro-
tein antigens including idiotypes than did immunization without
5 the addition of GM-CSF in animal tumor modéfsit In
colorectal carcinoma patients immunized with recombinant
D((M ° carcinoembryonic antigen (rCEA), the rCEA-specific T- and
0 2 4 6 ) 10 12 14 16 B-cell responses were statistically significantly enhanced by
. adding soluble GM-CSF compared with patients immunized
Time (weeks) with rCEA alone??

Fig 8. Anti-idiotypic IgM antibodies. Time kinetics of B cells GM-CSF most likely acts by increasing the capacity to
secreting IgM antibodies binding to F(ab’), fragments of the autolo- present tumor antigert®4* GM-CSF is a major cytokine for
gous (@) or isotypic control (O) monoclonal IgG were assessed by stimulation of dendritic cells (DC). DC pulsed ex vivo with
ELISPOT. Mean = SEM (n = 5) for each time point are shown. The  yymor-derived idiotypic protein induced a cellular immune

increase in the numbers of IgM-secreting cells binding to the autolo- response and tumor rearession in patients with B-cell lvmpho
gous IgG was statistically significant at week 8 (P < .05) and week 10 p 9 p ymp

No of cells / 10 PBMC

<

(P < .01) compared with baseline. The difference between autolo- mas? DC used as APC could prime a strong CD8 CTL
gous and isotypic control monoclonal IgG was statistically significant response in lymphocyte populations extensively depleted of
(P < .05) at all points. Arrows indicate immunization times. CD4+ T cells4647 Exogenous antigens may use endogenous

MHC class | antigen presentatiéi®5° and GM-CSF might

Immunization of patients with non-Hodgkin's B-cell ymphoma activate a pathway of antigen processing allowing exogenous
using the autologous idiotypic Ig coupled to keyhole limpet soluble proteins to be presented by MHC class | molectles.
hemocyanin (KLH)—induced MHC class I-restricted Id-specific Thus, GM-CSF in addition to augmenting antigen presentation
CD8* CTLs, which were associated with a favorable clinical might also contribute to the induction of an MHC class
outcome®* I-restricted response as noted in our study. Moreover, myeloma

The present pilot study describes the results of Id immunizapatients in clinical stages | and Il seemed to exhibit an auto
tion in five myeloma patients using the myeloma protein (serumT-cell immunity against the 1& part of which response was
M-component) as immunogen and given together with solubleconfined to CD8 cell853 Such a cellular immunity might
GM-CSF. Id-specific T and B cells were induced in all patients, preferentially be boosted by immunization with the Id together
and a greater than 50% reduction of the M-component concenwith GM-CSF.
tration was noted in one patient. Based on the cytokine secretion In a previous study using the Id alone, 3 out of 5 patients
pattern (IFNy and IL-2), the majority of the Id-specific T cells mounted only a weak transient anti-idiotypic T-cell response
could be classified as type | (Th1 or Tc1) céfi§he main part  with no clinical effect$?In the present study, the induced T-cell
of the induced T cells appeared to be MHC class | restrictedimmunity appeared to be long lasting, and in one of the patients
This may suggest that the immunization led to a predominant reduction of the M-component concentration was noted. The
Id-specific CD8 T-cell response. The negative DTH reaction in reason(s) for this single clinical effect is not known. A
all patients after challenge with the 1d might support such anspontaneous regression, occuring simultaneously at the time of
assumption. Only one patient developed a transient idiotype-immunization, cannot be completely ruled out, although a
specific proliferative T-cell response. These results might beeduction of the M-component concentration of such a magni-
explained by the observation that different T-cell subsets and Tude and unrelated to treatment should be a very rare event in
cells of varying maturity may have a varying response préfile. multiple myeloma. Notably, this particular patient developed
In particular, antigen-specific cell proliferation may not corre- upon immunization a gradually increasing and marked MHC
late to antigen-specific cytokine production, suggesting thatlass I-restricted type | T-cell response, which persisted for 1
proliferation test only may not be sufficient to reveal an year during unmaintained follow-up. Although a clinical effect
antigen-specific, T-cell populatidi.lt seems critically impor-  in one single individual needs to be confirmed, it seems
tant to use several read-out systems to detect and characterize however less likely that the reduction of M-component concen-
antigen-specific, T-cell response. tration could be ascribed to GM-CSF. GM-CSF has been

Addition of GM-CSF might be of importance for the reported to act as a growth factor for myeloma cell lines in
enhancement and the quality of the anti-idiotypic immuffi§?.  vitro,>* a notion which may be supported by occasional clinical
In a comparative solid tumor model using cytokine gene—observations§?®
transduced melanoma tumor cells for immunization, GM-CSF Based on the present results, further studies on the clinical
was shown to be an efficient cytokine for the induction of a effects of Id immunization in myeloma patients are warranted. It
protective anti-tumor immunity involving CD8as well as remains to be shown whether human myeloma cells, in
CD4" T cells13 Immunization with GM-CSF-transduced tumor accordance to what has been shown in B-cell lymphotaan
B cells induced an effective anti-tumor immunity in a mouse present endogenously derived idiotypic peptides in the context
lymphoma model. The immunity directed against Id-expressingof MHC molecules for recognition by T cells. As immunogen
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the complete myeloma protein, single chain FV personalSvedmyr E, Stalfelt A-M, Strander H, Udé\-M, Osby E, Mellstedt H:
molecules® or CDR peptides might be used as the Id-specific TNatural interferonx in combination with melphalan/prednisone versus
cell reactivity might preferentially be located to CDR regions. melphalan/prednisone in the treatment of multiple myeloma stages ||
The prefered clinical situation should be monoclonal gammopa@nd !ll: A randomized study from the Myeloma Group of Central
thy of undetermined significance at risk, myeloma stage 1, or>eden. Blood 81:1428, 1993

after chemotherapy with the intention to eradicate minimal 16. Bergenbrant S, Yi Q, &by E, Q?t?r.borg.A’ Gtman, R, B]‘Dk'.
. . holm M, Holm G, Lefvert A-K: Anti-idiotypic B lymphocytes in
residual disease.

patients with monoclonal gammopathies. Scand J Immunol 40:216,
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