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NEOPLASIA

Clonal cytotoxic T cells are expanded in myeloma and reside
in the CD8 CD57*CD28~ compartment

Daniel M.-Y. Sze, Gillian Giesaijtis, Ross D. Brown, Maria Raitakari, John Gibson, Joy Ho, Alan G. Baxter,
Barbara Fazekas de St Groth, Antony Basten, and Douglas E. Joshua

The occurrence of clonal T cells in mul-
tiple myeloma (MM), as defined by the
presence of rearrangements in the T-cell
receptor (TCR)- B chains detected on
Southern blotting, is associated with an
improved prognosis. Recently, with the
use of specific anti-TCR-variable- B (anti—
TCRVp) antibodies, the presence in MM
patients of expanded populations of T
cells expressing particular V. g regions was
reported. The majority of these T-cell ex-
pansions have the phenotype of cyto-
toxic T cells (CD8 *CD57* and perforin
positive). Since V g expansions can result
from either a true clonal population or a
polyclonal response, the clonality of

CD8*TCRVg™* T cells was tested by TCRV ¢
complementarity-determining region 3
length analysis and DNA sequencing of
the variable region of the TCR. In this
report, the CD57 * and CD57 ~ subpopula-
tions within expanded TCRV *CD8* cell
populations are compared, and it is dem-
onstrated that the CD57 * subpopulations
are generally monoclonal or biclonal,
whereas the corresponding CD57 ~ cells
are frequently polyclonal. The oligoclonal-

ity of CD57 *+ expanded CD8 * T cells but
not their CD57 ~ counterparts was also
observed in age-matched controls, in
which the T-cell expansions were mainly
CD8~. The CD8*CD57* clonal T cells had

a low rate of turnover and expressed
relatively lower levels of the apoptotic
marker CD95 than their CD57 ~ counter-
parts. Taken together, these findings dem-
onstrate that MM is associated with
CD57*CD8* T-cell clones, raising the pos-
sibility that the expansion and accumula-
tion of activated clonal CD8 * T cells in
MM may be the result of persistent stimu-
lation by tumor-associated antigens, com-
bined with a reduced cellular death rate
secondary to reduced expression of the
apoptosis-related molecule CD95. (Blood.
2001;98:2817-2827)

© 2001 by The American Society of Hematology

Introduction

Expanded populations of T cells, as measured by an increase int¢lear from this flow analysis that the expanded populations of
number of cells positively stained by monoclonal antibodies toytotoxic T cells corresponded to the clonal populations that related
variable (V) regions of human T-cell receptor (TCR) subfamiliegp survival advantage detected by previous Southern blot experi-
have been detected in the peripheral blood of patients with multipieent? The CD57 antigen is normally present on a minority (16%)
myeloma (MM) and smouldering myelord&.These populations of CD8" T cells1? but the percentage of CDED57+CD28" cells
consist mainly of CD8 cells and persist for long periods, has been shown to be increased in a number of clinical conditions,
suggesting that they are the result of chronic antigenic stimulimcluding human immunodeficiency virus (HIV)/acquired immuno-
tion561n contrast, transient antigenic stimulation is associated witteficiency syndrom&;? cytomegalovirus (CMV) infectioA314
temporary CD8 T-cell expansiong.Although persistent T-cell common variable immunodeficienéy,and post-bone marrow
expansions in MM may involve up to 25% of total T cdllsuch transplantatioi®in addition to MM 17
expansions may not necessarily be clonal. On the basis of SoutherriThe most sensitive way to demonstrate clonality is by analysis
blot analysis of the TCR, which detects monoclonal expansion®f the length of the complementarity-determining region 3 (CDR3)
representing at least 4% to 5% of the total Ficoll-separated the TCRV genes, followed by sequencid®!® In the present
peripheral blood cell&,our laboratory previously reported on thestudy, we have used this technique to demonstrate the genuine
prognostic significance of true T-cell clonal populations in MM.monoclonal or oligoclonal nature of the expanded populations of
We found that MM patients exhibiting expanded T-cell clones had@D57*CD8"TCRV;* cells in patients with MM. Moreover, only a
better prognosis than those without detectable clonal bands small proportion of CD57 T cells were undergoing active
Southern blot analysis. proliferation, and they had significantly lower surface expression of
Flow cytometric analysis offers the means to isolate andD95 (Fas) than did their CD57counterparts, in both expanded
characterize such clones in terms of specificity and functioand nonexpanded TCR\subfamilies. Taken together, these find-
Previous flow analysis indicated that the expanded T-cell clones,iags demonstrated that MM, a B-cell clonal disease, is associated
judged by specific positivity with anti-TCRVantibodies, ex- with CD8" T-cell clones, raising the possibility that the expansion
pressed the phenotype of cytotoxic T cells and were predominandlyd accumulation of activated clonal CD8 cells in MM may be
CD8*, CD57", CD28", and perforin positive However, it was not the result of persistent stimulation by tumor-associated antigens,
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combined with a reduced death rate secondary to the redudBtiarmingen, San Diego, CA) was used. The following biotinylated mouse
expression of the apoptosis-related molecule CD95. monoclonal antibodies were used: anti-CD8, anti-CD95, and biotinylated
mouse IgG1 isotype control (Pharmingen). Streptavidin conjugated with
Alexa Fluor-488 (Molecular Probes, Eugene, OR) was used in the
. . proliferation studies to increase the fluorescent signal in the FITC channel
Patients, materlals, and methods to allow the TCR\; subsets to be clearly identified. Streptavidin conjugated
with Alexa Fluor-594 (Molecular Probes) was used to demonstrate the
biotinylated primary antibodies in the dual-laser system.

After informed consent, peripheral heparinized blood samples were col-

lected from 16 patients with well-documented myeloma presenting to ogk|l surface staining and flow sorting

clinic for routine assessment (Table 1). Patients were treated according to

the Australian Leukaemia Study Group myeloma trial protocol, whichicoll-separated cells were stained with biotinylated anti-CD8 and incu-
involved multiagent therapy (prednisone, cyclophosphamide, doxorubicpﬁ,ted on ice for 20 minutes. After 2 washes with phosphate-buffered saline
and bis-chlornitrosourea) followed by stem cell transplantation if thé®BS), a cocktail of FITC-conjugated anti-CD57, PE-conjugated anti-
patient was younger than age 65 years. Seven of 16 patients had A& Vs, and streptavidin conjugated to Alexa Fluor-594 was added, and the
chemotherapy within the previous 6 months before testing (Table 1). Ediftlls were incubated for a further 20 minutes on ice. Stained cells were
patients had autologous stem cell transplantation. However, none of thé&shed once with PBS and remained on ice until sorting by means of a
transplantations occurred within 2 years prior to this study (Table 1). TR&CStar Plus Cytometer (Becton Dickinson). CDSTCRV'CD8" and
study was approved by the Central Sydney Area Health Service Hum&R57 TCRV;*CD8" cells were sorted into 2 separate tubes containing
Ethics Committee. Normal controls used in the CDR3 length analysRPMI-1640 containing 10% heat-inactivated fetal calf serum (ICN, Costa
experiments and CD95 studies were 27 blood donors (mear &ge Mesa, CA), 1 mM L-glutamine, 100 IU/mL penicillin, and 160 U/mL (160
years) at the Red Cross Blood Transfusion Service, Sydney. The nor#&/ML) gentamicin. The tubes were kept cool during the sort.

control samples used in the proliferation studies were from healthy

laboratory staff. CDR3 length analysis

Patients

Six patients (A through F) with expanded TCRSubsets were chosen for
CDR3 length analysis. They were selected because their T-cell expansions
The following directly conjugated mouse monoclonal antibodies were usezhuld be labeled at high fluorescent intensity with PE-conjugated anti-
anti-CD3, anti-CD4, anti-CD8, and anti-CD57, all fluorescein isothiocyaFCRV; antibodies and could therefore be sorted accurately. The CDR3
nate (FITC) labeled (Becton Dickinson, San Jose, CA); phycoerythriangth analysis has also been carried out on 6 age-matched controls. The
(PE)-conjugated anti-TCRM., 2, 3,5.1,5.2,5.3,7, 8, 9, 11, 12, 13.1, 13.6QuickPrep Micro mRNA Purification Kit (Amersham Pharmacia Biotech,
14,16, 17,18, 20, 21.3, 22, and 23 (all antibodies are mouse immunogloBuscataway, NJ) with oligo-deoxythymidine (dT)—cellulose was used to
lin [Ig] except anti-TCR\1 which is a rat IgG1) (Immunotech, Marseille, obtain messenger RNA (mMRNA) from approximately i®10* sorted cells
France); anti-CD3 (Becton Dickinson); and peridinin chlorophyll proteimccording to the manufacturer’s protocol. Complementary DNA (cDNA)
(PerCP)—conjugated anti-CD4 and anti-CD8 (Becton Dickinson). Unconjwas subsequently prepared by means of the T-primed First-Strand Kit
gated monoclonal antibodies used in the proliferation analysis wef&@mersham), which uses Moloney murine leukemia virus reverse transcrip-
anti-TCRV; antibodies as listed above (Immunotech). Biotinylated sheepse and an oligo-dT primer to generate full-length first-strand cDNA from
anti-mouse immunoglobulin and biotinylated rabbit anti—ratimmunoglobthe mRNA template. The cDNA was stored at70°C until in vitro

lin antibodies were used as secondary reagents for the nonconjugaetplification of TCR genes was performed with’gp&imer specific for the
anti-TCRV; antibodies. The allophycocyanin (APC)—conjugated anti-CDéppropriate TCR subfamily*® and a3?P-labeled 3 primer for the TCR

Monoclonal antibodies

Table 1. Profiles of myeloma patients in this study

Disease

duration after Disease M-component Chemotherapy treatment within Duration since

Patient* Age (y) Sex diagnosis (mo) staget typet 6 mo of study entry last SCT (mo)§
A 70 M 109 IA 19G-k No —
B 53 F 61 A 19G-k No 27
C 82 F 47 B 19G-k Yes —
D 82 F 71 A 19G-\ Yes —
E 37 M 67 A 19G-k No 59
F 74 M 81 B 19G-k Yes —
G 71 F 46 IIB 19G-k No —
H 60 M 17 B 19G-\ Yes|| —
| 44 F 99 HIA k-LC No 46
J 86 M 37 1A 19G-\ No —
K 74 M 145 1A 1gG-\ No —
L 43 M 4 A 1gG-\ Yes —
M 55 F 2 A 19G-k Yes —
N 56 F 35 1A 19G-k No —
o 72 M 27 HIA 19G-k Yes|| 60
P 61 M 61 A 1gA-k No —

M indicates myeloma; SCT, stem-cell transplantation; Ig, immunoglobulin; LC, light chain.

*CDR8 length analysis and sequencing were performed on specimens of patients A through F. Propidium iodide—labeling analysis was conducted on specimens of all
multiple myeloma patients except G through I. CD95 analysis was performed on specimens of all patients except J through M.

tMyeloma staging is based on the Durie and Salmon staging system with 2 additional parameters: plasma cell labeling index and -2 microglobulin.

fk and \ stand for kappa and lambda LCs, respectively.

§Autologous SCT was performed on 4 patients before their entry into this study.

|[Only these 2 out of 7 chemotherapy-treated patients showed decreased white cell counts and lymphocyte counts at time of entry to this study.
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constant region, which was common to all rearrangeghain gened? The  staff), cells were labeled initially with biotinylated anti-CD8 or anti-CD4
reverse primer was radioactively end-labeled in a solution consisting of 8Z7harmingen), followed by streptavidin conjugated to Alexa-488, and then
MBq (0.73 mCi)/mL~vy32P]Jadenosine Striphosphate (ATP) (Amersham), washed with PBS. The supernatant was removed and the pellet resus-
and 2.3pM T4 polynucleotide kinase (9.8 10? U/mL) (Boehringer pended. While the cells were gently vortexed, BQMDNA-Prep lysing and
Mannheim, Mannheim, Germany). The polymerase chain reaction (PCpgrmeabilizing reagent (Beckman Coulter, Fullerton, CA) and then 2 mL
reaction mix also contained the following components at the final concent@NA-Prep Stain (Beckman Coulter) was added, and the sample was
tions listed here: 2.3uM forward primer; 0.38uM deoxy-ATP (dATP), incubated for 15 minutes at room temperature. Cells were analyzed on a
d—cytidine B-triphosphate, d-ribothymidine '&riphosphate, and Coulter Epics XL flow cytometer. Multicycle for Windows (Phoenix Flow
d—guanosine Btriphosphate (Boehringer Mannheim); axlPCR-reaction Systems, San Diego, CA) was used to analyze the DNA histograms.

buffer with either 1.5 mM or 3 mM MgGl(Boehringer Mannheim); and

0.01 U Taq polymerase (Boehringer Mannheim). We addgd.5PCR  CD95 surface staining

reaction mix to each well of a Thermo-fast 96-well plate (Advanced. ) )

Biotechnologies, Epsom, Surrey, United Kingdom) containipd EDNA. Ficoll-separated cells from 12 MM patients (patients A through | and N

The mixture was overlaid with 2L mineral oil (ICN). PCR amplification through P) were examined for expression of CD95 on total CD8ells or
was performed in an Omni-e thermal cycler (Hybaid, Ashford, United CRVe subsets (both expanded and nonexpanded) by means of 3-color

Kingdom) by means of the following thermocycling protocol: initialIabeling.An aliquot of cells was stained with biotinylated anti-CD8 to allow

denaturation at 95°C for 5 minutes; followed by 45 cycles of 95°C for 35‘9 percentage of CD8 or CD4 cells within each TGRsubset to be

seconds, 55°C for 30 seconds, and 72°C for 1 minute; with a final extensﬁ)?"cmamd (.Table 2). Propidium iodide (P1) was addgd to all samples before
at 72°C for 7 minutes. Polyacrylamide gel electrophoresis was usedeW analysis. Cells were analyzed on a Coulter Epics XL flow cytometer.

distinguish PCR products, which had been diluted 2-fold with sequenci rmally, more than 99% of the cells in the lymphocyte gate were viable as

gel-loading buffer, denatured for 5 minutes at 95°C in an Omni-e thern@ySeSsed by PI. Biotinylated mouse IgG1 was used as the isotype control.
cycler, and snap-chilled on ice. To allow an estimation of PCR bands siz&" & 4-goflor labeling expefrlment, 5 MM ;Ijaélgnts ('IAI‘ throdu%hﬁE) were
+32P)ATP—labeled molecular weight markers (Number VIII) (BoehringefX@mined for expression of CD95 on total CD3 cells and different
Mannheim) were electrophoresed on the same gel. The PCR products we VB_ sgbsets. For _4—co|0r IabellngZ Flcoll—sep_arated cells were stained
electrophoresed at 900 V for approximately 3 hours. Following eIectroph0|y¥'-thk b!lotlr;ylated antl_-CD95d (Pharmingen), which Wasd followed by a
sis, gels werdransferred to 3-mm chromatography paper (Whatman Interng2CKtail of FITC-conjugated anti-CD57, PE-conjugated anti-TeRY

tional, Maidstone, United Kingdom), covered in plastic wiidpntsman, Castle anti-CD3, a”O_' streptavid_in conjugated_to Alexa—594 (Molecular Probes)
Hill, Australia), and directly exposed to X-OMAT AR scientific imaging and APC-conjugated anti-CD4 (Pharmingen). Stained cells were washed

film (Eastman Kodak, Rochester, NY) overnight-a0°C, by means of once and then fixed in 1% paraformaldehyde for at least 30 minutes before

intensifying screens (DuPont NEN, Denver, CO). Film was developed inaﬁlaIySiS by means of a FACStar Plus cytometer.
Curix 60 film processor (Agfa-Gevaert, Munich, Germany).

Sequencing of PCR products of specific TCRV g subfamilies Results

To obtain PCR products of specific TCR€ubfamilies for DNA sequenc  Overrepresentation of CD8 + cells within TCRV 5 expansions

ing, PCR was performed with the use of cDNA samples with Ready-to-g MM patients

PCR beads (Amersham). The PCR amplification conditions were similar to

those described above except that no radioactive label was used. Samyles have previously reported that T-cell expansions, defined as
were taken from 3 patients (A, B, and C) who had been previously showntttose TCRV,* T-cell populations exceeding the me&n3 SD of

have single, dual, and multiple dominant bands, respectively, on polyacritre percentage of 3 cells in peripheral blood T cells of normal

amide gel electrophoresis. Direct sequencing of the PCR products Yntrols, were found in 79% of patients with MM (ne.38; mean
carried out by Supermac (Camperdown, Australia). Where direct seque

je= 62 years), but in only 19% of normal controls (re.17;
ing failed, the Original TA Cloning Kit (Invitrogen, Carlsbad, CA) was used% y ) y ’ (

to clone the PCR products in plasmid vectors according to the manufact[pr-ean age= 45 years. In the present study, we included an

er’s protocol. The linearized vector supplied in this kit ends with singlglge'rm"tch(':‘d control group (n@.2_7; mean age- 66 years) and
3'deoxythymidine (dT) residue that allows PCR inserts to ligate efficient{Pund that 63% (17 of 27 subjects) had at least one T-cell
with the vector, since the nontemplate-dependent activity of Taq polyméXpansion, consistent with the normal age-dependent increase in
ase adds a single deoxyadenosine (dA) to ther@ls of PCR products. A T-cell expansiong? Since the T-cell expansions in MM patients
few isolated white transformants were picked individually and allowed thad previously been shown to express predominantly*@b&reas

grow for 12 hours at 37°C in 5 mL Luria-Bertani medium containing 5@hose in the normal control group of younger age did not (data not
pg/mL ampicillin in a rotary shaking incubator at 225 rpm. The plasmidhown), we decided to make a more detailed comparison of the
DNA was then purified with a NucleoSpin kit (Macherey-Nagelr@y  frequency and phenotype of T-cell expansions in patients with MM
Germany). DNA sequencing employing dye-terminator chemistry withe g the age-matched controls. Data from the 27 age-matched
M13 forward and reverse primers was performed on the extracted plasn&igmroIS in this study and those MM patients from the previous
DNA. PCR products from TCRYage-matched controls were also direct . .

sequenced (Supermac). group for whom V; analysis had !ncluded C_:D8 status (22 of the
38) were reanalyzed after gating for either CI®3* or
CD8 CD3*cells (Figure ). Given the small percentage of circulat-
ing CD4"CD8" and CD4CD8 T cells in human blood,
Ficoll-separated cells from patients A to F were first labeled witcD8 CD3" cells were composed predominantly of CDE cells.
nonconjugated antibodies specific for the TGRMbfamily known to be  The CD8 CD3'TCRV,* and CD8CD3'TCRV,* percentages
expanded in each individual. After a 20-minute incubation onice, cellswewere calculated as a percentage either of total CBalls or of
washed and stained for a further 20 minutes with biotinylated amimo“fﬁ)8+CD3+ or CD8CD3* T cells, respectively. The latter calcula

immunoglobulin (Dako, Carpinteria, CA), except for anti-TCRVfor  ° .
which a biotinylated rabbit anti—rat immunoglobulin (Dako) was use lonwas included to correct for the low CDA-cell counts that are

Cells were then washed and stained with streptavidin conjugated §Baracteristic of many patients with MM and that may mask any
Alexa-488 (Molecular Probes). Alternatively, to determine the proliferativeD8” expansions. TCRY" expansions were defined as those
index in total CD8 and CD4 populations in MM patients (ro8; patientA  populations exceeding the mean3 SD of the percentage in the
and patients J through P) and normal controls ¢ad; healthy laboratory normal controls.

Estimation of T-cell proliferative index
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Table 2. Median CD95 expression and proportion of CD8  * cells within the CD57 *+ and CD57 ~ compartments of individual TCRV g subfamilies in 2 patients

3 SD above mean of CD95 expression in CD8in CD95 expression CD8in
Vg in CD3* age-matched CD8in CD57* TCRVg* CD57+ TCRVg* in CD57~ TCRVg* CD57- TCRVg*
T cells, %* controls Vg™ cells, % cells (MCF)t cells, %% cells (MCF)§ cells, %%
Patient A
Vgl 12.8| 6.2 87.0 59 81.4 92 83.4
Vg2 5.0 14.5 69.0 54 84.9 174 32.3
Vg3 10.1 10.7 91.0 59 97.1 121 64.7
Vg7 1.7 4.7 69.0 80 727 161 43.1
V8 3.6 8.8 68.0 71 89.9 151 415
Vp13.6 2.5 4.5 81.0 75 99.6 178 21.3
Vpl7 15 9.3 30.0 75 17.3 169 185
Patient B
Vel 8.8 6.2 59.0 72 97.6 186 32.8
Vg2 13.0 14.5 22.0 78 18.8 170 16.1
Vg7 9.0| 4.7 34.0 77 98.8 136 63.5
V8 7.5 8.8 23.0 70 62.0 199 16.6
Vpl13.6 48| 4.5 20.0 100 75.3 182 27.2
AL 1.8 2.5 23.0 87 16.7 178 18.9
Vpl7 6.3 9.3 27.0 82 53.0 175 23.2

CD95 expression results of the 2 multiple myeloma patients A and B have been graphed in Figure 5A.

MCEF indicates median channel fluorescence.

*The normal range of individual TCRV;; subfamilies was established by means of the age-matched controls.

TFor this column, the mean expression was 74; median, 75; and SD, 12.

fThe percentage of CD8" cells in the CD57" and CD57~ subpopulations of each Vg subset was calculated from the 3-color flow analysis for specific TCRV;, CD8, and
CD57.

§For this column, the mean expression was 162; media, 172; and SD, 29.

lIndicates expanded TCRV; population.

The new analysis indicated that CD8xpansions were presentage of MM patients had at least one CDg-cell expansion
both in patients with MM and in age-matched controls (Table 3jx? = 8.6, P < .005), and the total number of expansions in the
The slightly reduced frequency in MM (10 of 22 patients versus IMM patients was also significantly highex(= 26.7,P < .005).
of 27 controls) was not statistically significanf(= 1.85,P > .1), Thus, in addition to the CD8expansions previously described,
and the number was unaffected by being calculated as a percentsigé patients showed the CD4expansions expected as a function
of CD8 CD3" cells rather than total CD3cells. In contrast, of age. Thirteen of the 22 MM patients in this analysis (59%) had
reanalysis of ¥ family expression within CD8 T cells indicated CD8" expansions representing at least 5% of total CD3ells,
that CD8 expansions in MM patients were significantly morevhich is the estimated detection limit of the Southern blot
frequent than in age-matched controls (Table 4). A higher percetgchnique previously used to demonstrate the prognostic signifi-

Table 3. CD8~ expansions in age-matched controls
and multiple myeloma patients

Age-matched  Patients
controls with MM*
No. subjects in study 27 22
No. subjects showing CD8~ expansionst 9 7
Total no. CD8~ expansionst 17 10
Mean no. CD8~ expansions per positive subjectt 1.9 1.4
No. subjects showing CD8~ expansions predicted to 3 1
be detectable by Southern blot
Total no. CD8~ expansions predicted to be detectable 4 1
by Southern blotf
No. CD8~ expansions predicted to be detectable by 1.3 1
Southern blot per positive subjectt
Total no. CD8~ expansionst§ 18 10

Data were calculated as a function of total CD3* cells, except where
noted otherwise.

MM indicates multiple myeloma.

*Reanalyzed data of 22 patients with MM from previous publication.®

TAfter gating for CD8-CD3" T cells, expanded populations were those calcu-
lated as a function of total CD3" cells and present at 3 SD or more above the mean
percentage of Vg *CD8™ cells of the age-matched controls.

FA 4% to 5% monoclonal population can be detected with the Southern blot
technique.® The size of monoclonal Vg* populations (predicted to be detectable by
Southern blot) was estimated by subtracting the mean values for the particular Vg
from the percentage of CD8-CD3" T cells, calculated as above. The mean values
represent the percentage of polyclonal populations within individual TCRV; subfami-
lies.

§Calculated as a function of total CD8~ cells.

cance of T-cell expansions in MRIIn contrast, the CD8 T-cell
expansions, which represented more than 5% of total'CDé&lls,
were found in only 15% of normal age-matched controls.

Table 4. CD8* expansions in age-matched controls
and multiple myeloma patients

Age-matched Patients
controls with MM*
No. subjects in study 27 22
No. subjects with CD8" expansionst 16 21
Total no. CD8* expansionst 23 71
Mean no. CD8" expansions per positive subjectt 1.4 3.4
No. subjects with CD8" expansions predicted to be 4 13
detectable by Southern blott
Total no. CD8* expansions predicted to be 5 25
detectable by Southern blott
No. CD8" expansions predicted to be detectable by 1.3 1.9
Southern blot per positive subjectt
Total no. CD8" expansionst§ 20 35

Data were calculated as a function of total CD3" cells, except where
noted otherwise.

MM indicates multiple myeloma.

*Reanalyzed data of 22 patients with MM from previous publication.®

TAfter gating for CD8*CD3* T cells, expanded populations were those calcu-
lated as a function of total CD3" cells and that present at 3 SD or more above the
mean percentage of Vg*CD8 cells of the age-matched controls.

FThe size of monoclonal Vg* populations (predicted to be detectable by Southern
blot) was estimated by subtracting the mean values for the particular Vg from the
percentage of CD8+*CD3" T cells, calculated as above.

§Calculated as a function of total CD8* cells.
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Figure 1. CD8 expression in T-cell expansions.  T-cell
expansions from 27 age-matched donors were com-
pared with 22 patients with MM. The data of patients with
MM have been published previously®> and were reana-
lyzed and reported again here for comparison. Cells were
gated for either CD8 - CD3* (panels A through D) or
CD8*CD3" T cells (panels E through H) before calcula-
tion of the percentage of cells expressing each V; as a
function of either total CD3* T cells (panels A through B
and E through F), CD8-CD3* (panels C and D), or
CD8"CD3" (panels G and H). Horizontal bars represent
3 SD above the means for the age-matched control
group. #The 21 V; families studied (left-right) were Vg1,
2,3,5.1,5.2,53,7,8,9,11, 12, 13.1, 13.6, 14, 16, 17,
18, 20, 21.3, 22, and 23.

A Age-matched-CD8 ™ in total
CD3" T cells

40 .

30

%
.
g
:

VB subfamilies”

C Age-matched-CD8™ in total
CD8™ T cells

%

VB subfamilies”
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504

%
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MM-CD8" in total

CD3"* T cells

VB subfamilies”

MM-CDS8" in total
CD8™ T cells

VB subfamilies”

E Age-matched-CD8" in total F MM-CD8" in total
CD3* T cells CD3* T cells
30 30
20.] 20
X X
VB subfamilies” VB subfamilies”
G Age-matched-CD8" in total H MM-CDS" in total
CD8* T cells CD8" T cells
40_ 401
304 30
a\a 20.] ‘

VB subfamilies”

VP subfamilies”

summary, MM patients have a greater number of C2&pan reactivity of T cells to specific anti-TCR)antibodies can represent
sions, and these constitute a significantly greater percentage of teitther a true clonal expansion or a polyclonal response. Therefore,
T cells than the age-matched controls. the clonality of sorted CD57TCD8*TCRV,* T cells from either

MM patients or age-matched controls was compared with that of
CD57 CD8'TCRV,* T cells by means of TCRYCDR3 length
analysis and DNA sequencing of the variable region of the TCR.
Cells were sorted by their CD57 phenotype because we have
We have previously shown that the phenotype of the expanged kécently shown that expanded cytotoxic T cells contain intracyto-
populations in MM was predominantly CD5and CD28, which  plasmic perforin, and its expression is directly associated with the
differs significantly from the nonexpanded; \bopulationg. The  expression of CD57 in expandeg Wopulations.

CDR3 length analysis suggests that the CD57 * subset
of expanded cytotoxic T cells is monoclonal or oligoclonal
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PCR was performed with cDNA prepared from the sorted cells, a &ontained multiple bands of nearly equal intensity (Figure 2A, lanes 4, 6,
primer specific for the appropriate TCRgubfamily, and &P-labeled 8, 10, 16, and 18). For example, the TGRand ;14 amplification
3’ primer from the TCR constant region. Figure®shows the length of products of the CD57TCRV,; *CD8" sorted T cells of patients B and C,

TCRV; CDR3 amplified from the CDBCD57* and CD8CD57 T

respectively, both consisted of 5 bands each separated by 3 nucleotides

cells of 6 patients (patients A through F) with MM. A single bandFigure 2A, lanes 6, 10). However, in some cases, such as patient A, the
derived by PCR of the CD8'CRV,;*CD57+ cDNAwas obtained for 4 CD57" sorted cells of an expanded TCRaso contained a single band

of the 6 patients examined (Figure 2A, lanes 1, 9, 13, and 15). One tHirigure 2A, lane 2). Similarly, the CD57sorted cells of an expanded

of the patients in this study (patients B and F) showed 2 bands of eqii&IRV; of patient C were oligoclonal (Figure 2A, lane 12). Therefore,
intensity (Figure 2A, lanes 5 and 17). In the case of patient C, a sec@ighough CD57 T cells were generally polyclonal, they may occasion
expanded population @I7+) (Figure 2A, lane 11) showed multiple ally be oligoclonal. The monoclonality and biclonality of the CD57
bands within the CD57 subset. The CD57sorted T cells generally subset of expanded CDBCRV;* T cells were also observed in

MM Patients: i A B C D E F
TCRVB vBI VB8 VBL | VP17 | VB14 | VB17 | VBS1 | VB20 | VP16
% TCRV in total "] 36 83 63 204 128 176 54 7.9
{mean+3S.D. of age- ®2) @8 (62) ©3) @2 ©3) amn @5 @9
matched controls'y
%CD8 in 87 68 9 27 95 " 87 7 9
TCRVB
% CD5T" in CD8* &2 66 82 26 81 83 92 53 90
TCRVP* cells
% CDAT" in CD8™ 65 27 5 8 21 18 ) 3 10
TCRVP® cells
Expressionof CDSTon | + | - | + + + + ‘ -+ + + +
TCRVp* CDB* !
TCRVp PCR products | - . ! -
vun on 6% - B -
. - = - : ;
tyacrylamide get -
L EUHE RN P PEA
|
Direct sequencingon | S | S | ND | ND | Fail | Fail [ND|{ND| S | Fail |[ND |ND | ND [ND [ND | D [ ND | WD
PCR products* i
Lanc T2 s e s efr{s]eie|ujn|njuls]er]|s
Age-matched Controls 1 2 3 4 5 6
wits CD8" expansions
TCRVB v | vpt1 VB4 vpz | Vps1 | Vps
% TCRVp in total 84 68 83 125 106 94
€D3* cells
(mean+38.D. of age- 6 " o s ” -
miatched controls)* €2 2) ®2 &0 N @8
% CD8in 64 57 7 80 66 3
TCRVp
% CDS7" in CD8* 54 59 65 93 38 57
TCRVE' cells
% CDS7" in CD8™ 7 3 s 3 2 6
TCRVS' cells
Expressionof CDSTon | + | « [+ | = | + | = | + | = | + 1 = | +
TCRVE' CD8"
TCRV PCR products
Fun on 6% o |
lyacrylamide gel Wl . - -
i ||| || g || =2
-
Direct sequencingon | Fail [Fail | § {Fait| § | § | S |Fal | S | S |ND|ND
PCR products®*
Lane 19 20 |21 |22 |23 [2a (25 26 |27 [28 |20 {30

Figure 2. TCRV g CDR3 length analysis. The PCR products (approximately 220
base pairs) and molecular markers were run on a 6% polyacrylamide gel, and the
sizes of the radioactive PCR bands were determined by exposing an x-ray film to the
gel. Expanded T cells were sorted according to their specific surface phenotype of
TCRVg* and CD8* and CD57 expression. Bands are lined up side by side for ease of
comparison. The relative position of the PCR products of different TCRV; families to
each other is not the same as the actual gel. *Expanded TCRV;; populations are
underlined. (A) CDR3 length analysis results from CD8* T-cell expansions found in 6
patients with MM, together with CD8 and CD57 expression data. (B) Results of 6
age-matched normal controls for comparison. **Direct DNA sequencing has been
performed on some of the PCR products and results are summarized.

age-matched controls (Figure 2B; lanes 23, 25, and 27 showed a single
band and lanes 19 and 29 showed 2 equally dominant bands).

Direct DNA sequencing and plasmid cloning confirmed
the monoclonality or biclonality of the CD57  +
expanded T-cell population

TCRV; CDR3 PCR products of patients Ag¥*), B (Vgl1*),and C
(Vpl4") were sequenced to ensure that the distribution of bands
observed was a true reflection of the clonality of thg*V
expansions. These patients were chosen because they had previ-
ously been shown to have single, dual, and multiple dominant
bands, respectively, in CDR3 length analysis. In every case, PCR
products that appeared as a single band gave unambiguous direct
DNA sequencing data (Figure 2A, lanes 1 and 2; Figure 3A,
Gel-Al, A2; Figure 2A, lane 9; Figure 3C, Gel-C), indicative of a
dominant sequence within the PCR product. On the other hand,
none of the TCRY*CD8*CD57" PCR products yielded readable
sequence data except for patient A, whose CDBTR product
indicated a monoclonal population (Figure 2A, lane 2; Figure
3A, Gel-A2).

Plasmid cloning and sequencing of the cDNA were performed
on the PCR products of the 2 patients (B, C) in whom direct
sequencing failed to provide interpretable sequencing results of the
CDR3 regions in TCRy*CD8*CD57" T cells. Cloning and
sequencing of the PCR products from the CDSbrted T cells
gave an array of sequences, indicative of a polyclonal population
(Figure 3B, plasmids B-7 to B-11; Figure 3C, plasmids C-1 to C-8).
Cloning and sequencing of the CD57PCR product of the
expanded CD8 T-cell subset of patient B, which gave 2 bands of
equal intensity in the CDR3 length polymorphism analysis, re-
vealed 2 distinct sequences, each present in 3 of the 6 randomly
chosen cDNA clones (Figure 3B, plasmids B-1 to B-6). These 2
TCRV;1 clones differed by only 1 amino acid in length, consistent
with the CDR3 length polymorphism analysis (Figure 2A, lane 5).
The CD57 sorted cells of patient B revealed 4 different clones in 5
plasmid preparations, which differed in length by 1 to 4 amino
acids. Furthermore, T-cell clones plasmids B-7 and B-8, which had
the same CDRS3 length, possessed unique sequences and used a
different joiningf gene segment. The fact that the dominant clones
of TCRV,1*CD8*CD57" were not identified in the corresponding
CD57 sorted populations from patient B may have been due to the
limited number of plasmid preparations analyzed. Of the 8
independent sequences obtained from 8 cDNA clones chosen at
random from a library containing the CDBCRV14"*CD57
PCR product of patient C, 8 clones that differed by 1 to 4 amino
acids in length were identified (Figure 3C). Once again, the single
dominant clone identified in the CD5%orted cells of patient C
was not found in the CD57subset.

The monoclonality of the CD57 subsets of the expanded
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Figure 3. TCRV g DNA sequences of patients A through A TCR VP

C. Panels A, B, and C show the sequencing results of variable region

patients A, B, and C, respectively. DNA sequences were Patient A ends here CDR3 + J region begins here

derived from direct sequencing of the CD57* PCR cDs? A\ A\

products from patient A (labeled Gel-Al in panel A) and phenotype 101 102 P2 03 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

patient C (labeled Gel-C in panel C). No readable
sequence was obtained from direct sequencing of the
CD57-~ PCR products, except in the case of patient A GelAz: negative ... ... e e e e een ee e e ees e e e e e e
(labeled Gel-A2 in panel A). Plasmids B-1 to B-6 are 6

Gel A1: positive GCCAGC AGC GTA TCT GGGGGG CAA GAG ACC CAG TAC TTC GGG CCA GGCACG CGG CTC CTG

independent sequences obtained from 6 cDNA clones TCR constant region begins here TCR constant Jregion  Length of
) . . CD57 A\ region usage usage CDR3 + J region
chosen at random from a library containing the CD57 phenotype 19 20 f 2 3 4 5 & {no. of amina acids)

PCR product from patient B. Plasmids B-7 to B-11 are the
independent sequences obtained from 5 cDNA clones GelAf: positive GTG CTC GAG GAC CTG AAA AAC GTG 2 J2.5 20
from the CD57~ PCR product from the patient shown in

panel B. Plasmids C-1 to C-8 are 8 independent se- Gel Az: negalive e e oottt 2 25 2
guences obtained from 8 cDNA clones chosen at random

from a library containing the CD57~ PCR product from TeRVM

patient C (panel C). The sequences summarized in this B variable region

Figure have begn given the European Molepular Biology Patient B ends here CDR3 + J region begins here
Laboratory (Heidelberg, Germany) nucleotide sequence — cos? v v
database accession numbers: AJ276183 through phenotype 101 102 1 2 3 4 5 6 7 8 9 10 11 12 13 14 5 16 17 18
AJ276184 for panel A, AJ276185 through AJ276195 for
panel B, and AJ276196 through AJ276204 for panel C. PIasmfd-B-1 posfil.ve GCC AGC AGC GAG GGA GGA TGG GCT AGC TAC TAC GAG CAG TAC TTC GGG CCG GGC ACC AGG
. . . . ) Plasmid-B-2 positive B L LI T
Keys: ... identical nucleotides; ~ ~ ~ absence of an Plasmid-B-3 positive
amino acid at the relative position in the CDR3 sequence plasmid-B-4 positive ... .TTAAG ... CA. .AATC. ... G.GC.. -~~~ ...
alignmen[_ Plasmid-B-5 positive ... .TT AAG ... CA, .AATC. ... G.GC.. --- ...
Plasmid-B-6 positive ... .TTAAG ... CA. .AATC, ... 6G.GC.. -~ ...
Plasmid-B-7 negative ... .GC..G ACT A...GG .A, AC.GGG ... .T. .TT ..T .,.AGAA ... T.T ...
Plasmid-B-8 negative . A .GT AA. .A. A.. A.AG.G.GT .NA AGC NTT CTT .GG .CA AG. CN. CA. CA.
Plasmid-B-9 negative GC..GA.CG .., G.CTA.GAGC.G .T. TTC GG.CCAGGG ACA .G. CT. ... GT.
Plasmid-B-10 negative GC..GA .CG ... G.CTA.GAGC.G .T. TTC GG.CCAGGG ACA .G. CT. ... GT.
Plasmid-B-11 negative ... .CC CT. TAC AAT .AG CAG .T. .T. .G. .CAGGGACA C.. .TC AC. GTG CTA
TCR constant region begins here  TCR constant J region Length of
coDs57 v region usage usage CDR3 + J region
phenotype 19 20 21 22 1 2 3 4 5 6 (no. of amino acids)
Plasmid-B-1 positive CTC ACG GTC ACA GAG GAC CTG AAA AAC GTG 2 427 22
Plasmid-B-2 positive che e e e e P 2 J2.7 22
Plasmid-B-3 positive 2 J2.7 22
Plasmid-B-4 positive 2 2.7 21
Plasmid-B-5 positive 2 J27 21
Plasmid-B-6 positive 2 J27 21
Plasmid-B-7 negative .G ..C ..ACTG i enn e e 2 J22 22
Plasmid-B-8 negative ACT CAC AGT TGT e wee eee e 1 Jt1.1 22
Plasmid-B-9 negative Y i 2 Ja21 19
Plasmid-B-10 negative Y T 2 Ja.1 19
Plasmid-B-11 negative R R Sttt fee e wes e 2 J2.4 18
C TCRVA14
variable region
Patient C ends here CDR3 + J region begins here
CD57 v \
phenotype 9% 97 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
GelC: positive GCC AGC AGT TTA AGC CGG GGC CTT TTA AAT GAG CAG TTC TTC GGG CCA GGG ACA CGG CTC
Plasmid-C-1 negative ..G GAGG.GAAC .CA TA. GAGC.G TTC TTC GGG CCA ... A.. C.. CTC ACCG.G
Plasmid-C-2 negative ... C.CC.GG.ACTAG.ACCTC.A ... ACCCAG .A. TTC GGG CCA GGC AC. .GG
Plasmid-C-3 negative ... CCCCTAGCN..GGCC.CCT.C ... ... .N. .., ... .. G ..C..CA.. ...
Plasmid-C-4 negative ... A.CG.A.TA .C.GGCGGGG.GCT. TTT ..T GGA .AA GGC TCT .GG .T. AC.
Plasmid-C-5 negative .. .T TTAG.ACAGG.C.ACG.GC..T.C ... GGG CC. GGC ACC .GG .TC ACG
Plasmid-C-6 negative e e .TG GG. CAN .CT A.GGAG CAG TTC TTC GG. CCAGGG ACA .GG CTC ..C GT. ..A
Plasmid-C-7 negative .AA CCC G.. G.. ..G AAC .AT GGC T.C ACC ... GGT TC. GGG ACC .GG TTA AC.
Plasmid-C-8 negative PO ... CA.G.GACT .CT AAC .AT GGCT.C ACC ... GGT TC. GGG ACC .GG TTA AC.
TCR constant region begins here TCR constant J region Length of
cbs? v region usage usage CDR3 + J region
phenotype 19 20 21 22 1 2 3 4 5 6 (no. of amino acids)
Gel C: positive ACC GTG CTA -~~ GAG GAC CTG AAA AAC GTG 2 J2.t 21
Plasmid-C-1 negative [ et 2 J2.1 19
Plasmid-C-2 negative CT. C..G.GCTC 2 J2.5 22
Plasmid-C-3 negative ..G ..CAC. ~~~ 2 J2.7 21
Plasmid-C-4 negative GTAC.. ~~~ ~~~ 2 J22 20
Plasmid-C-5 negative GT. ACA ~~~ ~~~ 2 J27 20
Plasmid-C-6 negative R er 2 J21 18
Plasmid-C-7 negative GTT A ~~- ==~ c..G ., 1 Ji2 20
Plasmid-C-8 negative GTT ..A ~~e ~mm c..G . 1 J1.2 20

CD8'TCRV* T cells in age-matched controls was shown byeither PCR products with double bands nor multiple dominant
direct DNA sequencing of the PCR products showing a single babhdnds shown in polyacrylamide gel electrophoresis (Figure 2B,
(Figure 2B, lanes 23, 25, and 27) or PCR products with a singlenes 19, 20, 22, and 26) gave an interpretable direct DNA
dominant band plus other weaker bands (Figure 2B, lane 2%gquencing result, indicating nonclonal populations.


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org by on July 15, 2009. For personal use only.

2824 SZE etal

The majority of the expanded T cells in MM patients
are not proliferating

We have previously shown that the expanded T-cell clones of

patients with MM remain stable over an 18-month pefioth

examine the level of turnover in the expanded T-cell populations,
we examined the proliferative index of T cells from the expanded
TCRV; subsets of patients with MM by measuring the proportion
of cells in the S phase by means of a protocol previously

established to measure cycling plasma cells in our laborétdiye

proliferative index of the TCRY expanded cells from 6 MM [
patients (patients A through F) was compared with that of total oL
CD8" and CD4 T cells in MM (no.= 8, patients A, J through P)
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and normal controls (nc= 4) (Figure 4). Only 0.1% to 1.8% of the CD57 CDs7"
TCRV; expanded cells of MM patients were in the S phase, a
percentage that did not differ significantly from the CD&nd .
CD4" T cells of MM patients or normal controls examined B 300, 4—?01(" la-belmg

P (Patients with MM)
(ANOVA, P = .84). On the other hand, the TCR\&xpanded T 2 £ o
cells and total CD8 T cells of these MM patients retained the ©E3 200
capacity to proliferate in a dose-related fashion in response to ;5; O b
polyclonal stimuli such as PHA or concanavalin A. The percentage ' § g Af o
of cells in S phase increased within 24 hours ofd@mL PHA 232 100 e T e
stimulation from 1.6% to 11.1% in a dose-related fashion (Figure 4, g s = S
far right column). =<

]
CD57* T cells express CD95 at lower levels . . . .
than their CD57 ~ counterparts Cbd CD4 N CD8 €D3 .
CD57° CD57° CDS7T CD57

We have previously noted that the proportion of T cells expressing
the apoptotic marker Fas (CD95) tends to be lower in expanded
populationg CD95 expression as determined by quantitative flow C 300 4-color labeling
cytometry of the CD57 V;, populations was approximately 2-fold 22 (Age-matched controls)
lower than that of their CD57 counterparts (Figure/s Table 2). ©5 = -
Because CD95 expressed by the CB8bset of the TCRY* CD57- SE=2000 W
cells could not be definitively determined by a 3-color staining 2 § E i : —;4—— -
protocol, it was unclear whether the increase in the percentage of E g g 100 . s i
CD8" cells within particular TCRY populations was responsible 3 § =~ - . ' .
for the decrease in CD95 expression (eg, Tableg, &f patient A == ‘ v
and V7 of patient B). To unambiguously examine the expression o
of CD95 on expanded CD5&ubsets, 4-color labeling was used so cp4t cpat  cpst  Cpst
that the CD95 levels in each of the 4 subsets (namely, TID67-, CD57- CD57t CD57- CD57*
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Figure 4. Proliferative index of the expanded TCRV g subsets. The proliferative
index measured by the percentage of cells within S phase of expanded TCRV* T
cells in MM patients (far left column) and compared with that of the total CD8* or total
CD4* T cells in MM patients (second and third columns from left) and normal controls
(NCs, fourth and fifth columns from left). No significant difference was found among
the groups (one-way analysis of variance [ANOVA], P = .84). The positive control
was cultured CD8" cells of patient D at 24 hours after stimulation with various
amounts of phytohemagglutinin (PHA). *Far right column, shown as squares in order
from top to bottom with the following amounts of PHA added to the 1-mL culture
medium: 15 pg, 11.1%; 5 pg, 5.3%; 1.5 pg, 3.7%, and 0 p.g, 1.6%.

Figure 5. Median CD95 expression on T-cell subsets with the use of 3- and
4-color labeling. (A) Median value of CD95 fluorescence with the use of 3-color
labeling on CD57* and CD57~ subsets of various expanded and nonexpanded
TCRV;* subsets from 2 MM patients (patients A and B) performed on the same day
(P < .0001, Mann-Whitney test, and Table 2). The staining pattern is representative
of the results found in 12 MM patients examined. (B) Median CD95 expression on T
cells of 5 MM patients (patients A through E) with the use of 4-color labeling. The
CD57* and CD57~ subsets in either the CD4* or the CD8* subpopulations of the
TCRV;* subpopulations are significantly different (P < .0001, Mann-Whitney test).
(C) Median CD95 expression of T cells in 5 age-matched controls. The CD57* and
CD57~ subsets in either CD4* or CD8* subpopulations of the TCRV; subsets are
significantly different (P = .027 and .002 respectively, Mann-Whitney test).

CD4*CD57+, CD8tCD57, and CD8CD57") could be deter
mined. It was found that there was a 30% reduction of CD95
expression in CD8CD57* cells compared with their CD&D57-
counterparts (Figure 5B, column 3 versusR< .0001, Mann-
Whitney test). The reduction in CD95 expression within the CD4
compartment was even more marked (Figure 5B, column 1 versus
2; P <.0001, Mann-Whitney test). This suggests that although
CD95 (Fas) may be involved in the accumulation of CDF &ells,

an additional factor, such as chronic antigenic stimulation, could be
more important in the determination of the fate of these cells. The
median CD95 levels in these 4 subsets from patients with MM were
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similar to that of the age-matched normal controls (Figure 5C). Timanded TCRY"CD8" cells and demonstrated that the CD57
number of CD4CD57* cells was low in the age-matched controlssubpopulations are generally clonal, whereas the corresponding
and in some cases the number was too low to include in tigZD57- cells are frequently polyclonal. In a study of healthy
subset analysis. subjects that used a similar approach based on sorting for €D28
and CD28 cells, the CD8CD28 T cells were found to be
dominated by relatively few cloné8.However, the expanded
T-cell clones in MM patients may represent up to 25% of total CD3
cells, whereas such clones in healthy subjects compose only a small

There is currently considerable interest in the development Bgrcentage of total T cefisand have been postulated to reflect a
immunotherapy as a novel treatment option for patients wifl§Sponse to long-standing viral infectigh.
myeloma and other malignancies. In myeloma, the unique tumor Using the Southern blot technique, we previously reported
antigen, the idiotype, has been adopted as the immunizing agéapanded clonal T cells in 32% of MM patients (70.119)? This
The potential value of immunotherapy in MM is based on a dués a lower percentage than in the cohort of MM patients in this
rationale. First, it has been postulated that plateau-phase disegtsdy, in which T-cell expansions composing more than 5% of total
may have an immunoregulatory badisnd second, our group hasCD3* cells were seen in 59% of patients. This discrepancy could
recently found that expanded T-cell clones with a cytotoxibe due to a number of factors: (1) the sensitivity of the Southern
phenotype (CD8, CD57", CD28", and perforin positive) are blot technique previously used may have been lower than the 5%
present in a majority of MM patierftand that their presence islimit estimated by van Dongen and Wolvers-Tetfer(?) total
associated with longer survival, consistent with an antitumdrcell counts of patients may have differed in the 2 study times; and
effect> We have also recently shown that patients whose myelon®) the presence of more than one TCR within the T-cell expan-
cells carry the CD86 antigen (B7-2have both a poor prognosis sions, due either to biclonality within the CD57subset (as
and a lower number of expanded T-cell clones, suggesting that@gmonstrated in one third of MM patients in this study) or
immunological basis exists for the improved progné3it the polyclonality within the CD57 population, may have led to an
belief that these expanded T-cell clones may possess anti-idiotygigerestimate of the number of T-cell expansions representing more
specificity for myeloma cells, most studies to date have involvedigan 5% of total T cells.
strategy of idiotype immunization with the patients’ own parapro- The CD57 clonal T cells had a low rate of turnover, as
teins. However, so far, only minimal antitumor responses haw@monstrated by S-phase analysis, and expressed relatively lower
been reported with the use of either in vitro or in vivo markerseyels of the apoptotic marker CD95 than their CD5founter
which raises questions about the true specificity of the expandgghts. This finding provides an explanation for the accumulation of
clones and has necessitated further gnaIyS|s qf their prop&res. cpg+cp57+ T cells and is consistent with a previous report that

_ Inthe present study, flow cytometric analysis of TCRSVibset hey are not susceptible to spontaneous or activation-induced
dlst_rlbutlon within circulating T cells mc_hcated_once again that MNclslpoptosis in vitrd®31 Further evidence in support of this concept
patients and age-matched controls _dlf'fergd in the frequent OCCHEmes from an in vivo study in mice, which revealed that cells with
rence of large CD8 T-ce_II expansions in MM. It has been the highest levels of CD95 expression are preferentially deféted.
previously reported that in the healthy_elderly both Cand After prolonged stimulation and proliferation, CD8D28"
CD8'" expansions are seéhThis observation has been conflrmedCeIIS tend to lose expression of CD¥BThus, the previous

n the pre;ent study gnd (_exte_nded to include MM patients. .Tla%monstration by our group that the expanded TERID8" cells
oligoclonality, low proliferative index, and lower CD95 expression . . .
patients with myeloma have reduced levels of CD28 is sugges-

. : n
of the CD57' subpopulations was seen in bOIh. MM and ageci%/e of chronic antigenic stimulatiohIn theory, this could have
matched normal control groups. These findings did not appear to be . . o L .
. - . l:heen due either to a persistent viral infection in a compromised host

related to previous therapy administered to MM patients. Althou . : .

: : o r to an ongoing antitumor response. However, no correlation was
7 of 16 patients received chemotherapy within 6 months of thi trated betw th f viral infecti h
study, no patient had received chemotherapy within 2 weeks of t gmonstrated between the presence of viral infections, such as
day of study, nor did we observe any difference in the results

6:1MV and hepatitis, and expanded T-cell clones in a cohort of MM
CDR3 length analysis, proliferation study, and CD95 expressi(‘?r"f‘t'ems (no= 40) previously studied (unpublished observations,

between those who received and those who did not recei§gptember2000),although one patient did have a transientincrease

chemotherapy. Four patients had autologous stem cell transplafftath® TCR%"'CD8" cells associated with a recurrent herpes

tion at least 2 years before their entry into this study. We hal&fection. In the current study, 7 of 27 age-matched controls

investigated the effect of transplantation on T-cell populations, agfiowed no evidence of CD&r CD8" T-cell expansion. Although
this will be reported elsewhere. In summary, we found that epgill these donors were negative for HIV and hepatitis B antibodies, 5
T-cell expansions appeared shortly after the transplantation, but 8fethem had anti-CMV' antibodies. This suggests that CMV
all short-lived and most disappeared within 3 to 6 months afté¥fection in the elderly is not necessarily associated with T-cell
transplantation. expansion. A role for human herpes virus 8 in the pathogenesis of
In the CDR length analysis study, the extracted mRNA encod&teloma remains controversial, and clonal expansion of T cells is
those TCR chains that are expressed as proteins on the surfaceef a feature of patients with Kaposi sarcoffié? Moreover,
sorted T cells, and only in-frame rearrangements are represeng@panded TCRY"CD8" T-cell populations in patients with MM
Hence, the PCR products from a polyclonal population form @an persist for many years, consistent with chronic stimulation by a
ladder at 3-nucleotide intervals, corresponding to differences otumor-associated antigén.
amino acid in the length of the CDR3 region. Furthermore, the In our previous study, we showed that the expression of
intensity of each band is proportional to the initial number oferforin was directly associated with that of CD57 in the expanded
TCRV, transcripts with that particular CDR3 length. In this reportT CRV; populations as well as in peripheral blood lymphocytes in
we analyzed the CD57and CD57 subpopulations within ex general. It was suggested that CD57 is not a direct marker of

Discussion


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org by on July 15, 2009. For personal use only.

2826  SZEetal BLOOD, 1 NOVEMBER 2001 - VOLUME 98, NUMBER 9

cytotoxicity but may be related to a state of activation. Simila€D8" expanded T-cell clones are really tumor-specific and, if so,
coexpression of perforin and CD57 has also been reported in T-aghich specific tumor antigen they recognize. Some plasma cell-
expansions in patients with Hodgkin disedse. specific antigens, such as HM1424nd CD138 (syndecan-132°

The identity of possible tumor-associated antigens in myelonmave been previously identified and may be potential targets for
is still unknown. Circulating idiotype remains an attractive candimmunotherapy. Knowledge of the specificity of the CDED8*
date owing to its persistence throughout the course of the disedseell clones may also allow us to design immunization regimens
and the fact that it represents a unique tumor antigen. Idiotype i$oa MM patients who have failed to make spontaneous antitumor

possible antigen, and anti-idiotypic peptide responses that lead¢ésponses.
tumor protection have been demonstrated in artificial transgenic

models!®-46 but evidence of anti-idiotype CD4dependent or

CD8*-dependent responses in MM remains controve$#. Acknowledgments
Idiotype-specific cytotoxic T lymphocytes in MM capable of lysing

autologous primary tumor cells have been recently repdfted.

We wish to thank Joseph Webster for expert technical assistance in
Having shown that monoclonality or oligoclonality is a propertyhe flow-sorting work on FACStar Plus and Dr Robert Brink for his

of the CD57 CD8" T-cell subset, we aim to identify whether thesekind gift of the Original TA Cloning Kit.

References

. Wen T, Mellstedt H, Jondal M. Presence of clonal

T cell populations in chronic B lymphocytic leuke-

transplantation. Clin Exp Immunol. 1985;62:
278-287.

peptide in multiple myeloma. Br J Haematol.
1998;100:464-468.

mia and smoldering myeloma. J Exp Med. 1990 14 \yang ECY, Moss PAH, Frodsham P, Lehner PJ,  27. Osterborg A, Yi Q, Henriksson L, et al. Idiotype
171:659-666. i Bell JI, Borysiewicz LK. CD8"I"CD57+ T lympho- immunization combined with granulocyte-macro-

2. Janson CH, Grunewald J, Osterborg A, et al. Pre- cytes in normal, healthy individuals are oligo- phage colony-stimulating factor in myeloma pa-
dominant T cell receptor V gene usage in patients clonal and respond to human cytomegalovirus. tients induced type I, major histocompatibility
with abnormal clones of B cells. Blood. 1991;77: J Immunol. 1995;155:5046-5056. complex-restricted, CD8- and CD4-specific T-cell
1776-1780. 15. Jaffe JS, Strober W, Sneller MC. Functional ab- responses. BlO.Od' 19.92.3;9.1:2459'2466' )

3. Moss P, Gillespie G, Frodsham P, Bell J, Reyburn normalities of CD8" T cells define a unique sub- 28. Fagerberg J, Yi Q, Gigliotti D, et al. T-cell-epitope
H. Clonal populations of CD4* and CD8* T cells set of patients with common variable immunodefi- mapping of tr_\e |d|otyp|(_: monoclonal IgG heavy
in patients with multiple myeloma and parapro- ciency. Blood. 1993;82:192-201. and light chains in multiple myeloma. Int J Can-

i i :87: - cer. 1999;80:671-680.
teinemia. Blood. 1996,87:3297-3306. 16. Autran B, Leblond V, Sadat-Sowti B, et al. A . . .

4. Kay N, Leong T, Kyle RA, etal. Altered T cell rep- soluble factor released by CD8"CD57* lympho- 29+ Reichardt VL, Okada CY, Liso A, etal. Idiotype
ertoire usage in CD4 and CD8 subsets of multiple cytes from bone marrow transplanted patients vaclcmanon using dendritic cells after ;utologous
myeloma patients, a study of the Eastern Cooper- inhibits cell-mediated cytolysis. Blood. 1991;77: peripheral blood stem cell transplantation for mul-
ative Oncology Group (E9487). Leuk Lymphoma. 2237.2241. tzlﬁlflrgﬁgma' afeasibility study. Blood. 1999;93:
1999;33:127-133. 17. Frassanito MA, Silvestris F, Cafforio P, Dam- 30. M . éN Egeland T. Spurkland A. Brinch

5. Raitakari M, Brown RD, Sze D, et al. T-cell ex- macco F. CD8*/CD57+ cells and apoptosis sup- - Mugnaini EN, =geland 1, spurkiand A, Brinch-
pansions in patients with multiple myeloma have press T-cell functions in multiple myeloma. Br J mann JE. The T cell receptor repertoire of

i . +CD28~ T lymphocytes is dominated by
a phenotype of cytotoxic T cells. Br J Haematol. Haematol. 1998:100:469-477. cDb8 - | !
2000:110:203-2009. ’ expanded clones that persist over time. Clin Exp

6. Hal ” Ew A Wahlstrim J LT cell 18. Gorochov G, Debré P, Leblond L, Sadat-Sowti B, Immunol. 1999;117:298-303.

. Halapi E, Werner A, Wahlstrom J, et al. T cell rep- i i ; ) ) ; . .

P, VS . : P Sigaux F, Autran B. Oligoclonal expansion of 31. Frassanito MA, Silvestris F, Silvestris N, et al.
ertoire in patients with multiple myeloma and CD8*CD57* T cells with restricted T-cell receptor Fas/Fas ligand (FasL)-deregulated apoptosis and
monoclonal gammopathy of undetermined signifi- B chain variability after bone marrow transplanta- ) ganc (-ast 9u pop

. : X Yy P IL-6 insensitivity in highly malignant myeloma
cance: clonal CD8+ T cell expansions are found tion. Blood. 1994;83:587-595. s, Clin Exp | | 1998-114:179-188
preferentially in patients with a low tumor burden. : o cells. Clin Exp Immunol. 4. 179-18s.
Eur J Immunol. 1997:27:2245-2252. 19. E%g;’g v\l-ig’z;ﬁ?-!dll_\;ll—::;?;(ljt’\f-i %3”1;;2"3;2;\: 32. Mogil RJ, Radvanyi L, Gonzalez-Quintial R, et al.

: A ’ ' . Fas (CD95) participates in peripheral T cell dele-

7. Ludewig B, Oehen S, Barchiesi F, Schwendener TCRBV gene usage in B-cell chronic lymphocytic tion and associated apoptosis in vivo. Int Immu-
RA, Hengartner H, Zinkernagel RM. Protective leukemia: major perturbations are preferentiall 7
antiviral cytotoxic T cell memory is most efficiently seen witHin thJe CpD4 T-cell subset ’;Iood 1999¥ nol. 1995;7:1451-1458.
maintained by restimulation via dendritic cells. 04:1063-1069. ’ : ’ 33. Monteiro J, BatllwallalF, Ostrer H, Gregersen PK.
J Immunol. 1999;163:1839-1844. Shortened telomeres in clonally expanded

| s 20. Schwab R, Szabo P, Manavalan JS, et al. Ex- CD28—-CD8+ T cells imply a replicative history

8. van Dongen ‘]JM.’ Wolvers-Tettero ILM. Anal yS‘IS panded CD4+ and CD8+ T cell clones in elderly that is distinct from their CD28+CD8+ counter-
of immunoglobulin and T cell receptor genes, I: humans. J Immunol. 1997;158:4493-4499. parts. J Immunol. 1996:156:3587-3590.
basic and technical aspects. Clin Chim Acta. . ) . .
1991:198:1-91. 21. Pope B, Brown R, Gibson J, Joshua D. The bone 34. Rettig MB, Ma HJ, Vescio RA, et al. Kaposi's sar-

marrow plasma cell labeling index by flow cytom- coma-associated herpesvirus infection of bone

9 Brovyn RD,l\l(uen E, Nelson M, et al. The prog- etry. Cytometry. 1999;38:286-292. marrow dendritic cells from multiple myeloma pa-
nostic significance of T cell receptor beta gene ) ) tients. Science. 1997:276:1851-1854.
rearrangements and idiotype-reactive T cell in 22. Joshua DE, Snowdon L, Gibson J, et al. Multiple ) A )
multiple myeloma. Leukemia. 1997;11:1312- myeloma: plateau phase revisited. Haematol Rev 35 Sjak-Shie NN, Vescio RA, Berenson JR. HHV-8
1317, ' Commun. 1991;5:59-66. Té:;tigg gg;l 3mGLgtiple myeloma. J Leukoc Biol.

10. Morley JK, Batliwalla FM, Hingorani R, Gre- 23. Pope B, Brown RD, Gibson J, Yuen E, Joshua D. % oh vh : > ;3h t A Raie N. et al. Detecti f
gersen PK. Oligoclonal CD8" T cells are prefer- B7-2-positive myeloma: incidence, clinical char- - pnaunan O, Bharth A, Raje v, et al Detection of
entially expanded in the CD57+ subset. J Immu- acteristics, prognostic significance, and implica- Kaposi's sarcoma herpesvirus DNA sequences in
nol. 1995:154:6182-6190. tions for tumor immunotherapy. Blood. 2000;96: multiple mye.lorrlla bone marrow stromal cells.

11. Sadat-Sowti B, Debré P, Idziorek T, et al. A lectin- 1274-1279. B.|00d' 1999'93'1482_148.6' .

R ' X N N 24. Dabadghao S. Bergenbrant S. Anton D. He W. 37. Tisdale JF, Stewart AK, Dickstein B, et al. Molecu-
binding soluble factor relea_sed by C.D.8 Ccos7 ' ghao s, berge o PSR lar and serological examination of the relationship
lymphocytes from AIDS patients inhibits T cell Holm G, Yi Q. Anti-idiotypic T-cell activation in of human herpesvirus 8 to multiple myeloma: orf

ici :21:737- multiple myeloma induced by M-component frag- X y
cytotoxncny. Eur J Immunol. 1991;21:737-741. mentz pre;/ented by dendriti():, cells B’rJJ Haemag-] 26 sequences in bone marrow stroma are not re-

12. Vingerhoets JH, Vanham GL, Kestens LL, et al. tol. 1998'100:647-654 ’ stricted to myeloma patients and other regions of
Increased cytolytic T lymphocyte activity and de- : e ' the genome are not detected. Blood. 1998;92:
creased B7 responsiveness are associated with 25. Lim SH, Wen YJ, Ling M, Bailey-Wood R. Idio- 2681-2687.

CD28 down-regulation on CD8+ T cells from typic pr_otein (ID)—puIss_sd a_dherent PBMC—d_erived 38. Bellos F, Goldschmidt H, Dorner M, Ho AD, Moos

HIV-infected subjects. Clin Exp Immunol. 1995; dendritic cells (DC) prime immune system in mul- M. Bone marrow derived dendritic cells from pa-

100:425-433. tlp.le myeloma [abstract]. Blood. 1998;92(suppl tients with multiple myeloma cultured with three
13. Wiirsch AM, Gratama JW, Middeldorp JM, et al. 1):108a. distinct protocols do not bear Kaposi’'s sarcoma

The effect of cytomegalovirus infection on T
lymphocytes after allogeneic bone marrow

26.

Wen YJ, Ling M, Lim SH. Immunogenicity and
cross-reactivity with idiotypic IgA of VH CDR3

associated herpesvirus DNA. Ann Oncol. 1999;
10:323-327.


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From www.bloodjournal.org by on July 15, 2009. For personal use only.

BLOOD, 1 NOVEMBER 2001 - VOLUME 98, NUMBER 9

39.

40.

41.

42.

43.

Watanabe N, De Rosa SC, Cmelak A, et al. Long-
term depletion of naive T cells in patients treated
for Hodgkin’s disease. Blood. 1997;90:3662-
3672.

Bogen B, Munthe L, Sollien A, et al. Naive CD4+ 44,

T cells confer idiotype-specific tumor resistance
in the absence of antibodies. Eur J Immunol.
1995;25:3079-3086.

Bogen B, Malissen B, Haas W. Idiotope-specific T
cell clones that recognize syngeneic immuno-

globulin fragments in the context of class Il mol- 45.

ecules. Eur J Immunol. 1986;16:1373-1378.
Bogen B. Peripheral T cell tolerance as a tumor

escape mechanism: deletion of CD4+ T cells 46.

specific for a monoclonal immunoglobulin idio-
type secreted by a plasmacytoma. Eur J Immu-
nol. 1996;26:2671-2679.

Urban JL, Burton RC, Holland JM, Kripke LM,

CLONAL CD8" CELLS IN CD57+* COMPARTMENT

Schreiber H. Mechanisms of syngeneic tumor
rejection: susceptibility of host-selected progres-
sor variants to various immunological effector
cells. J Exp Med. 1982;155:557-573.

Ward PL, Koeppen HK, Hurteau T, Rowley DA,
Schreiber H. Major histocompatibility complex
class | and unique antigen expression by murine
tumors that escaped from CD8+ T-cell-depen-
dent surveillance. Cancer Res. 1990;50:3851-
3858.

Wojtowicz-Praga S. Reversal of tumor-induced
immunosuppression: a new approach to cancer
therapy. J Immunother. 1997;20:165-177.

Matsui S, Ahlers JD, Vortmeyer AO, et al. A model
for CD8+ CTL tumor immunosurveillance and
regulation of tumor escape by CD4 T cells
through an effect on quality of CTL. J Immunol.
1999;163:184-193.

47.

48.

49.

50.

2827

Wen Y-J, Barlogie B, Yi Q. Idiotype-specific cyto-
toxic T lymphocytes in multiple myeloma: evi-
dence for their capacity to lyse autologous pri-
mary tumor cells. Blood. 2001;97:1750-1755.

Ozaki S, Kosaka M, Wakatsuki S, Abe M, Koishi-
hara Y, Matsumoto T. Immunotherapy of multiple
myeloma with a monoclonal antibody directed
against a plasma cell-specific antigen, HM1.24.
Blood. 1997;90:3179-3186.

Wijdenes J, Vooijs WC, Clement C, et al. A plas-
mocyte selective monoclonal antibody (B-B4)
recognizes syndecan-1. Br J Haematol. 1996;94:
318-323.

Dhodapkar MV, Abe E, Theus A, et al. Synde-
can-1 is a multifunctional regulator of myeloma
pathobiology: control of tumor cell survival,
growth and bone cell differentiation. Blood. 1998;
91:2679-2688.


http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

