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ABSTRACT: We describe the immunophenotypic and gross DNA defects in 55 patients with myeloma an
patients with monoclonal gammopathy and review the literature on this subject (MedLine, 1994 -2000). Ou
confirmed previous reports indicating that in myeloma nearly all marrow plasma cells are abnormal @8%).

In monoclonal gammopathy the fraction of abnormal plasma cells was 8532.8%. In both myeloma and
monoclonal gammopathy, the most frequent aberrant phenotypic features consisted of absence of expre:
CD19, strong expression of CD56, and decreased intensity of expression of CD38; aberrant expression of
CD20, CD22, or CD28 was observed in less than one-third of myeloma cases. The vast majority of cases h
or more phenotypic aberrations. In the DNA studies, 7% of myeloma cases were biclonal and 93% of case
monoclonal. In those studies with only one plasma cell mitotic cycle, 37% had normal DNA content and 63%
aneuploid (hyperploid, 61%; hypoploid, 2%). The mean percentages of plasma cells in S- and G2M phase
4.9+ 8.5 and 4.4+ 6.9%, respectively. Thirty-eight percent of cases had more than 3% of plasma cells in S p
In monoclonal gammopathy, the DNA index of abnormal plasma cells ranged from 0.89 to 1.30 and the perce
of diploid (31%) and aneuploid (69%) cases was not different from the results found in myeloma. The differe
in percentage of abnormal plasma cells in S- (Z£48.6%) and G2M-phases (24 1.7%) in patients with
monoclonal gammopathy were not statistically significard. 2000 Academic Press

Key Words:plasma cells; DNA; immunophenotype; myeloma, monoclonal gammopathy.

INTRODUCTION clonal gammopathy (6—-17). Follow-up studies re
vealed that a large fraction of patients with MC
Plasma cell dyscrasias comprise a number ofevolve into myeloma or another lymphoplasma
diseases including myeloma and essential mono-cytic disorder. The actuarial probability of malig-
clonal gamopathy (1-5). Essential monoclonal nant transformation is estimated to be aroun
gammopathy or monoclonal gammopathy of un- 5-10, 15-20, 25-35, and 30—40% at 5, 10 and 2
known significance, here designated “MG,” is a and 25 years (11-17). There is no a reliable sing
term used to designate patients with a monoclonalvariable to predict this transformation.
protein without other criteria for myeloma, mac- Prognostic factors in myeloma are related t
roglobulinemia, amyloidosis or other lymphopro- the tumor mass g2-microglobulin, reactive C
liferative disorder and without other conditions protein and lactic dehydrogenase) and to the che
that may be associated with a secondary mono-acteristics of the myelomatous plasma cells (pla:
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mablastic morphology), effects on normal hema- tion was determined and adjusted with phospha
topoiesis (cytopenias), renal function (creatinine), buffered saline to give 5-1% 10° cells/ml. The
the performance status, and response the to treatmean percentage of plasma cells was2.2.9%
ment (18—-32). Some of these factors were iden-(0.2—6.0) and 27 29% (2—77%) of all nucleated
tified more than two decades ago and were used irmarrow cells for MG and myeloma, respectively
classical staging schemas (18-24). Other vari-(mean £ standard deviation, minimum-—maxi-
ables, including B2-microglobulin, reactive C mum). Patients with myeloma had10, 10-20,
protein, interleukin 6 (IL 6), IL 6 receptor and and>20% plasma cells, in 12, 12, and 31 case:
aminopterine were described more recently (25-respectively.
32). Plasma cell labeling-index (LI) and Ki-67
proliferation index were also described as vari- Immunophenotypic Studies
ables useful in discriminating between myeloma
and MG and to distinguish myeloma cases with Immunophenotyping was performed in all 55
poor prognosis from stable myeloma patients re- myeloma patients and in a subset of 40 MG pc
quiring no immediate therapy (33—41). Difficul- tients, using a direct immunofluorescence tecl
ties in implementing these assays for the clinical nique. Briefly, 100wl of whole blood containing
laboratory have limited their usefulness. DNA between 0.5 and 2X 10° nucleated cells was
analysis and immunophenotypic studies are nowincubated for 15 min at room temperature in th
more available. Phenotypic and DNA abnormali- darkness with saturating amounts of the monocilc
ties proved to be useful in predicting the clinical nal antibodies indicated below. Lysis of red blooc
aggressiveness and response to therapy (42, 43) a=lls and fixation of the leukocytes was then pel
well as in distinguishing between MG and my- formed, processing samples in the Q-Prep worl
eloma (44, 45). Other variables that may improve station using Immunoprep (Beckmann Coulter
accuracy in predicting both progression of MG Miami, FL).
and prognosis of myeloma patients are cytoge- The following three-color panel (FITC/PE/
netic abnormalities (46-52), activation of onco- PE-Cy5) was used in both MG and myeloma
genes or inactivation of tumor suppressor genesCD138/CD56/CD38 and CD10/CD19/CD38. In
(53-57), imbalance between apoptosis-suppressomyeloma two additional staining were performec
and -inducer proteins (58, 59) and multidrug re- in order to better characterize plasma cells: CD2(
sistance gene expression (41, 60, 61). CD22/CD38 and CD45/CD28/CD38. The sourc
We describe the major phenotypic and DNA of antibodies were as follows: CD19, CDZ20,
aberrations found in a series of 55 patients with CD22, and CD38 (Beckman Coulter); CD28 ant
untreated myeloma and 50 patients with MG and CD56 (Becton—Dickinson, San JosgA); CD138
evaluate the value of plasma cell phenotyping in (ImmunoQuality Products); and CD45 (Dakc
establishing the differential diagnosis between theseA/S, Glostrup, Denmark).
entities. We also review the literature on this subject
and discuss the biology of plasma cell disorders. DNA Studies

MATERIALS AND METHODS DNA studies were performed in 55 patient:
_ with myeloma and in a subset of 27 patients witl
Patients and Samples MG using a two step- washing method develope

in our laboratory. This method is based on th

Data presented are derived from 55 patientsuse of both FITC-conjugated primary (antigen
with untreated myeloma and 50 patients with MG specific) and secondary (anti-immunoglobulin
studied at the Hospital Geral de Santo Amtg antibodies, a strategy that increases the FITC(
Porto, Portugal (57 males, 48 females; median agesignal of CD38-positive cells without an appre:
of 61 years, range 29-95 years). Marrow samplesciable increase in nonspecific staining. This prc
were collected into EDTA-K3 and cell concentra- cedure obviated difficulties usually imposed b
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FIG. 1. Fraction of abnormal plasma cells in patients with MG (white columns) and myeloma (black columns)
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the decrease of expression of cell surface antigen$s0/G1 peak of normal blood lymphocytes at the
when cells are simultaneously stained for DNA channel 200+ 10. Information on a minimum of
(data not shown). As a first step cells were incu- 1.5 X 10° plasma cells was acquired and stored ¢
bated with 10ul of FITC-conjugated mouse anti- list mode data for each staining.

human CD38 (Cytognos, Salamanca, Spain) for Immunophenotypic analysis was performel
15 min at room temperature, protected from light, using the XL2 software (Beckman Coulter).
and washed twice in phosphate-buffered saline.Briefly, plasma cells were first identified based o
As a second step 20l of FITC-conjugated rabbit the expression of CD138 antigen and high level
anti-mouse immunoglobulins (Dako) was added of expression of CD38; then, normal and abnot
and cells were incubated under the same condi-mal plasma cells were identified and characterize
tions. Once this incubation period was completed, for the expression of each antigen and the fractic
cells were washed once in buffered saline andof each plasma cell population was calculatec
then processed with DNA-Prep either automati- Criteria used for distinguished normal and abnol
cally (DNA-Prep workstation) or manually, ac- mal plasma cell populations were based on tr
cording to the manufacturer’s instructions (Beck- expression of CD38, CD19, and CD56 and wer
man Coulter). Briefly, 10Qul of DNA Prep LPR  previously described in detail elsewhere (44, 45
(reagent to lyse red cells and permeabilize cell For DNA analysis, cell doublets were ex-
membranes) was added and vortexed for 8 s; aftecluded and CD38-brightly positive plasma cells
that, 2 ml of DNA-Prep stain (propidium io- and CD38-dim normal residual marrow cells wer:
dide—PI solution with RNAse) were added and gated separately in the SSC/CD38 histogram; tt
vortexed for 10 s. Finally, the samples were in- DNA content and cell cycle distribution of each
cubated at 4°C in the darkness for 15 min before cell population were analyzed individually using
acquisition. the Multicycle software (Phoenix Flow Systems
San Diego, CA). The DNA index was calculatec
as the ratio of the modal channel of GO/G1 pea
of the CD38 brightly positive plasma cells anc

Data acquisition was carried out in a EPICS- o of the CD38-dim residual normal marrow cells
XL-MCL flow cytometer (Beckman Coulter) pjagma cells were considered aneuploid when t

equipped with a 15-mW air-cooled 488-nm argon pn A index was out of the range 0.95-1.05.
laser, using the XL2 software program (Beckman

Coulter). Instrument alignment and standardiza- gy TS

tion were performed daily and electronic compen-

sation was used to remove spectral overlap. Almmunophenotype

normal blood sample was processed in parallel

every day and the red fluorescence high voltage As illustrated in Fig. 1, when all patients with
was adjusted to place the mean channel of theplasma cell dyscrasias were considered togeth
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FIG. 2. lllustrative dot plots showing normal plasma cells (red dots) and abnormal plasma cells (blue dots) in mz
from normal individuals, myeloma and MG patients.

the fraction of BM plasma cells that had an ab- with a decreased expression of CD38, were tf
normal immunophenotype was highly variable most important phenotypic features in distin:
ranging from 0 to 100%. guishing the abnormal plasma cell populatior
In patients with MG, a large fraction of mar- Abnormal plasma cells usually had a slightly
row plasma cells had a normal immunopheno- higher size and granularity, as evaluated by fo
type. Indeed, the fraction of abnormal plasma ward-scatter and side-scatter, respectively (da
cells was only 35.0+ 32.8 (0.0-96.0) and was not shown). In the only case in which abnorma
greater than 95% in only 1 case. The typical plasma cells were not detected in the BM, B-cell
phenotypic features observed in MG are shown inwere monoclonal, although there were neithe
Fig. 2. Absence of expression of CD19 (100%) clinical nor other laboratory criteria for the diag-
and strong expression of CD56 (90%) together nosis of a B-cell lymphoproliferative disorder.
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which the fraction of phenotypically abnormal
plasma cells was very low (less than 10% o
plasma cells), in which only a diploid cell cycle
was observed, and four cases in which immunc
phenotypic studies were not available and onl
one diploid cell cycle was observed. In 27 MG
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dim cases studied the DNA index ranged from 0.89
Type of phenotypic abnormalities 1.30 (1.07% 0.10) and the cell cycle distribution
B 100 was as follows: GO/G1 phases 912 8.4%
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(68.2-100.0), S phase 6:17.0% (0.0-25.2) and
G2/M phases 2.7 2.8 (0.0-13.2). If only the
cell cycles that corresponded were considere
‘ abnormal plasma cells the following values
1 Numbj ofphenofy picabmfmmies 5 were obtained: GO/G1 phases 902 9.6%
(68.3-97.8%), S phase 74 8.6 (0.0-25.2) and
FIG. 3. Type (A) and number (B) of phenotypic ab- G2/M phases 2.4+ 1.7 (0.0-6.5). In this case
normalities found in myelomatous plasma cells. DNA index ranged from 0.89 to 1.30 (1.09
0.13) five cases had a normal DNA content and 1

In contrast to that observed in MG, abnormal Weére aneuploid (10 hyperploid and 1 hypoploid)

plasma cells comprised 98:7 8.1% (40—~100%) In cases class_ified as aneup_loid, two plasma ce
of total marrow plasma cell in myeloma patients, cyqles were smu!taneously identified: one, anet
only one case having less than 95% of abnormalP!Cid. corresponding to the abnormal plasma cel
plasma cells. lllustrative examples of monoclonal @nd the other, diploid, corresponding to residus
and biclonal myeloma cases are shown in Fig. 2,"ormal plasma cells.

As in MG, the most frequent phenotypic aberra- Normal residual marrow cells had the follow-
tions were the absence of expression of cD19!Nd Cell cycle distribution: GO/G1 phases 88:3

(94%), the expression of CD56 (77%) and de- 2:0% (77.7-98.8%), S phase 9:44.2% (1.1~
creased expression of CD38 (70%) (Fig. 3A). 18-4%)and G2/M phases 1:70.9% (0.0-3.9%).

Other phenotypic abnormalities occurred less fre- 1N patients with myeloma, the DNA index of
quently and included: expression of CD10 (28%): the abnormal plasma cell population rangepl fror
expression of CD28 (21%); expression of CD20 0-78 10 1.54%. Four cases (7%) were biclon:
(15%) and expression of CD22 (6%). As shown in (W0 Of them corresponding to those being als
Fig. 3B, the vast majority of cases (93%) had two _cIaSS|f|ed as biclonal based on immunophenotyj
or more aberrant immunophenotypic features. In

ing) and 51 cases (93%) monoclonal. Of thos
two cases two different abnormal plasma cell pop- €2€s having only one plasma cell cycle, 19 (379
ulations were identified.

had an normal DNA content, whereas the remair
ing were aneuploid (hyperploid, 31 cases (61%
DNA Content and Cell Cycle Distribution hypoploid, 1 case (2%). lllustrative PI/CD38 dot
plots of normal marrow plasma cells and diploid
From a total of 27 cases of MG in which DNA hyperploid, hypoploid and biclonal myelomatous
analysis was performed, 18 cases had immuno-plasma cells are show in Fig. 4. Cell cycle distri
phenotypic studies whereas the remaining ninebution was as follows: GO/G1 phases 90t2
cases did not. Information on DNA content and 13.9% (12.1-98.8%), S phase 4.8 8.5%
cell cycle distribution of abnormal plasma cells (0.0-46.5%) and G2/M phases 4t46.9% (0.0—
was conclusive in only 16 of 27 cases analyzed. In50.0%). Thirty eight percent of cases had a pe
the remaining 11 cases it was not possible tocentage of plasma cellsin S phase higher than 3
distinguish an abnormal plasma cell cycle from Normal residual marrow cells had cell cycle
the normal one. These cases were: seven cases idistribution similar to that found in MG: G0/G1

638

% Case




Lima et al. Blood Cells, Molecules, and Diseases (200&p) December: 634—-645
doi:10.1006/bcmd.2000.0342, available online at http://www.idealibrary.cmﬂ}!\p|.®
»

express CD19, whereas normal plasma cells ¢
(66, 75, 76). Malignant plasma cells may expres
other B-cell associated markers that are usual
negative in normal plasma cells, such as CD2(
CD21 and CD22 (63, 67, 69, 72-75). In contras
to normal, myelomatous plasma cells are usual

i8aa
1868
w

R e strongly positive for CD56, although they may

» PI aes not express other natural killer associated marl
© 5 ers, including CD16 and/or CD57 (75, 77). My-
S elomatous plasma cells do not express CD34 (7

79), whereas CD117 is expressed on cells |
nearly one third of myeloma cases (80). A con
siderable fraction of myelomatous plasma cell
express CD10 (81, 82), CD28 (83, 84), and CD4
- J (83, 85), and in a minor fraction of patients my-

0 _ A pr 18%%  elomatous plasma cells also express markers tt
have been associated to the myelomonocytic, er

FIG. 4. lllustrative CD38/PI dot plots showing the throid, and megakaryocytic lineages, such &

DNA content and cell cycle distribution of plasma cells CD13, CD14, CD15, and CD33 (72, 86—88)
(blue or green dots) and normal residual marrow cells (red ’ ’ ’ ! )

dots) in diploid (A), hyperploid (B), hypoploid (C), and _ Until recently, flow cytometric DNA quanti-
biclonal (D) plasma cell disorders. fication and cell cycle analysis were limited by the

fact that most studies were based on single DN
staining, limiting its application to samples with a

phases 90.4 5.3% (77.4-99.2%), S phase 74  high proportion of plasma cells. Multiparametric
4.7% (0.1-19.9%) and G2/M phases 191.3%  DNA analysis using double staining with pro-

cDh38

(0.0-5.5%). pidium iodide and anti-CD38 overcame this prob

lem by allowing DNA analysis of plasma cells,
DISCUSSION AND REVIEW specifically (102, 103). Using a different technica
OF THE LITERATURE approach for DNA studies in plasma cells, we

obtained results similar to those reported prev
Immunophenotypic and DNA Abnormalities ously; the majority of myeloma cases have a
of Malignant Plasma Cells abnormal DNA content and hyperploid cases pre

dominate over hypoploid (104-111). The per

Many studies have focused on the immuno- centage of abnormal plasma cells in S phase is n
phenotypic aberrations of myeloma although higher in myeloma than in MG and in both case
comparative studies with normal marrow plasma the percent of cells in S phase is lower in plasm
cells are less frequent (62—67). Expression of cells than in normal hematopoietic cells (45, 102]
CD138 and very strong reactivity for CD38 are
the best markers for identifying myelomatous as Immunophenotypic and DNA Abnormalities,
well as normal plasma cells (68—71). Aberrant Disease Expression, and Prognosis
immunophenotypic features are frequent in my-
elomatous plasma cells and the frequency of each  Adhesion molecules may have an importar
abnormality has been similar to that found in this role in determining the localization of malignant
series. Normal and myelomatous plasma cellsplasma cells in the marrow extracellular matri
usually do not express CD45 although some and in extramedullary spread (89—-96). Imbalanc
cases, especially those with a more immatureof molecules implicated in plasma cell prolifera-
morphology, may be CD45-positive (63, 67, 69, tion—such as CD40 and CD117 (85, 97, 98)—
72-74). Myelomatous plasma cells usually do not and of proteins that regulate apoptosis—includin
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p26/bcl2 and CD95/Fas (56, 57, 59)—may also be populations, one identical to normal plasma cell
crucial for plasma cell survival and may be im- and the other having an immunophenotype simile
plicated in the pathogenesis of malignant gam-to myelomatous plasma cells (44, 45). Our resul
mopathy by prolonging the survival of plasma support these observations indicating that th
cells and increasing the chance of acquiring addi-fraction of residual normal plasma cells is a pow
tional gene defects. Some of the antigens aber-erful variable to use for the discrimination of MG
rantly expressed on myelomatous plasma cellsand myeloma patients. The fact that MG an
may have prognostic implications and expressionmyeloma form a spectrum of plasma cells disor
of CD10, CD20, CD28, CD45, myelomonocytic ders in which the monoclonal plasma cell popu
markers, and surface immunoglobulins correlateslation progressively occupy the entire plasma ce
with aggressive biological and clinical character- pool in marrow might suggest that MG patient:
istics, as did the absence of expression of CD56having a higher proportion of abnormal plasm:
and VLA-5/CD49e (72-74, 77, 81, 83, 84, 89, cells are those with a higher probability of devel
99-101). Disease progression may be accompaeping myeloma in a shorter period of time. This
nied by immunophenotypic changes, such as ansurmise is consistent with transformation to my
increase of expression of CD28 and CD86 (84). eloma as a multi-step process (115-118). Tt
Expression of proteins associated with multidrug state of the B-cell differentiation in which the first
resistance phenotype may determine nonresponencogenic event lead to a monoclonal expansic
siveness to therapy (41, 61). occurs probably in a mature B-cell that has bee

Abnormalities in plasma cell DNA content in contact with antigen (119). However, as in the
and cell cycle distribution may also have impor- case of MG, monoclonal plasma cell expansio
tant prognostic implications in myeloma (104— occurs without clinical manifestations and addi
112). Survival is significantly longer in hyper- tional mutational events are required in order t
ploid compared with diploid myeloma (45, 109— develop clinical features of malignancy. The fac
111). Hypoploid or biclonal myeloma apparently that MG patients acquire chromosomal change
have a worst prognosis and higher resistance togradually within several related plasma cell suk
chemotherapy, when compared to those having aclones (120) and that some chromosomal abnc
diploid or a hyperploid DNA content in plasma malities, such as monosomy 13, are associat
cells (107, 108, 111), although some recent datawith transition of MG to myeloma also supports
guestioned this finding (112). The percentage of Sthis hypothesis (46, 47). Oncogenes also play
phase plasma cells is an independent prognostigole in the conversion of MG into myeloma as
factor in myeloma cases; a high number of S well in the proliferation and survival of malignant
phase plasma cells (higher than 2 or 3%, depend-plasma cells (53-57). For instance, loss or inact
ing on the study) predicts a poor prognosis (113, vation of Rb1 and p53 tumor suppressor (54) an

114). mutational activation of N- and K-ras oncogene
_ (55, 57) are frequent findings in myeloma but no
Progression of MG to Myeloma in MG, suggesting that these molecular even

occur late during the process of oncogenesis. Ce

Studies of the phenotypic differences between adhesion molecules that mediate interactions b
MG and myeloma plasma cells (44, 45, 76) es- tween plasma cells and marrow stroma cells ar
tablished that virtually all marrow plasma cells stimulate production of cytokines (121-123) ma
from patients with myeloma have an abnormal also be important in this process. IL 6 has
phenotype, characterized by a slightly lower re- crucial role in maintaining plasma cell prolifera-
activity for CD38, strong expression of CD56 and tion (124) whereas IL@ leads to osteoclast acti-
absence of expression of CD19, in contrast tovation and osteolysis and can increase the expre
normal plasma cells, which are CD38-strongly sion of adhesion molecules and induce IL 6 se
positive/CD56-negative/CD19-positive. Patients cretion by either autocrine (plasma cells) o
with MG have two clearly defined plasma cells paracrine (stromal cells) mechanisms (125). Ar
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growth factor and basic fibroblast growth factor

expressed by myeloma cells may also be involve
(126). Recent data also suggest that a virus (Ka-
posi-associated virus—HHV-8) may be associated ;g

with development of myeloma (127). Long-term
follow-up of MG patients will determine if a high
fraction of abnormal plasma cells should be con-

sidered as an index of an imminent transformation

into myeloma.
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