
Pre-B Cells in Peripheral Blood of Multiple Myeloma Patients L” 
By Linda M. Pilarski, Michael J. Mant. and Bernard A. Ruether 

Although multiple myeloma is a disease of plasma cells, 
abnormalities have been detected in both B and T lympho- 
cytes in peripheral blood. Although multiple myeloma 
patients are deficient in surface Ig (s1g)-positive B lympho- 
cytes, analysis of lymphocytes present in blood indicates 
an abnormally large pool of circulating pre-B cells. These 
pre-B cells express BA-1, do not bear slg, and contain 
cytoplasmic p chains. High numbers of pre-B cells occur in 
88% of individuals with frank myeloma and in 44% of 
individuals with monoclonal gammopathy of undetermined 
significance. Pre-B cells bearing BA-1 differ between 
patients in their expression of HLA-DR and receptors for 
peanut agglutinin (PNA). Those pre-B cells in myeloma 
patients a r e  either BA-l+ PNA- HLA-DR+ (54% of patients) 

HE MAJORITY of patients with multiple myeloma are T deficient in their ability to mount a humoral immune 
response’-’ and in secretion of serum immunoglobulin (Ig) 
other than the monoclonal protein! In addition, they show 
severely reduced numbers of B cells in peripheral blood as 
defined by their expression of surface immunoglobulin (sIg), 
HLA-DR, and an antigen uniquely expressed on sIg’ B cells 
(41H.16).7 It seems likely that the inability to manifest 
humoral immunity’” and susceptibility to infections* are 
direct results of the deficiency in sIg+ B lymphocytes. 

The reasons for the  decreased numbers of sIg+ B cells are 
unknown, but could result from a shift in differentiation 
toward plasma cells, a block in B cell development at the 
stem cell stage, or a maturation block a t  some point after 
commitment to the B cell lineage.7*e” In this study we 
demonstrate that in multiple myeloma patients, differentia- 
tion of slg- pre-B cells to sIg+ B cells is blocked, and pre-B 
cells appear in the peripheral blood. Although the majority of 
the 47 patients studied have decreased numbers of sIg+ cells 
among peripheral blood lymphocytes (PBLs), they exhibit 
normal numbers of BA-I+ cells. BA-I is a marker that 
defines mainly s lg+ B cells in normal donors, although a 
small subset of slg- BA-I + lymphocytes is detectable.” 
Gathings et all3 have described sIg- cells with low amounts 
of cytoplasmic p chains as pre-B cells. W e  present evidence 
here to show that the slg-BA-I+ subset of cells in patients’ 
PBLs represents cp pre-B cells. 

MATERIALS AND METHODS 

Fifty-five patients with multiple myeloma (nine with light chain, 
two with nonsecretory, three with IgA, and 41 with IgG M- 
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or  BA-l+ PNA’ HLA-DR- (30% c f  patients), w 
I 

mixture of phenotypes (14% of patients). Pre-B cdh  
PNA- phenotype are almost alwal s HLA-DR’, and p)u, 

hr 
pre-B cells are HLA-DR-. Within the same pati- 

WIc pre-6 cell population varies by both quantitative and 

.s, tative definitions. The number of p-e-B cells may ina 
460-fold and temporal shifts of siirface p h e n o w  

brrn BA-1’ PNA- to BA-1’ PNA+ or vice versa have 

“‘%k detected. These observations indizate an abnor 
the B lymphocyte differentiation pathway leading to 
cells in the periphery that vary in r umber and cell rurh~, 
phenotype, and that are unable to express slg. 
w 1985 by Grune & Stratton. Inc. 

components), 20 patients with monoc1on;tl gammopathy of u-. 
mined significance (MGUS), and 23 no’ mal donors (age 40 to a) 
were studied. Informed consent was obti ined prior to p a r t i d p h  
in the study. Of the multiple myeloma p Itients, 13 were u n t r a u .  
36 were receiving intermittent chemotherapy, and six had 
no chemotherapy treatment for at least si ( months before the timed 
sampling. 

fuged and the buffy coat was collected. This was diluted eightfd in 
commercially prepared RPMI growth medium (GIBCO, G a  
Island, NY) combined with 20% fetal cz If serum, and layend ova 
Isolymph (Gallard-Schlesinger, Carle PI ice, NY) followed by m. 
trifugation. The white cells on the RPM I/lsolymph interface W- 

collected, washed three times in the RI’MI growth medium, a d  
subjected to a viable count and a differential count of May- 
Grunwald-Giemsa-stained smears to determine the percentage d 
lymphocytes in the sample. Recovery of 1 ymphocytes after pu-. 
tion was routinely 90% to 100%. In additi in, all immunofluo- 
(IF) assays included aliquots of cells inc ubated with anti-granub 
cyte or anti-monocyte monoclonal antibcdies to assess the purity 
PBLs actually screened by IF. Most prep irations had 4% granub. 
cytes and/or monocytes. Plasmacytoid cc 11s were only rarely seen in 
cytospin preparations. 

For this study the assay method was 111 
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Purification of PBLs. Heparinized I~lood samples were 
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Immunojuorescence. 

! 

indirect IF assay. Every set of assays incliided a normal PBL s a m e  
as a control to ensure that B cells were d#:tectable with the reagents 
used on a particular day. Purified PB1.s ( 5  x 10’ to 1@) wcre 
aliquoted into v-bottomed microtiter v,ells, pelleted, and resw 
pended in 50 pL of the test murine anti- iuman antibody diluted in 
normal saline to an appropriate concentr:ition. and incubated for 60 
minutes at 4 OC. Plates were centrifuged ind washed twice in saline, 
and the cell pellet was resuspended in 5 1 pL of a 1 /20 dilution of 
F(ab), fragments of sheep anti-mouse Ig !abeled with fluorescein 
isothiocyanate (FITC) or tetramethyl rhodamine isothiocyanate 
(RITC) (Tago, Burlingame, Calif), incubated for 60 minutes at 4°C. 
and washed twice. When indicated, cells were resuspended in warm 
saline and incubated for ten minutes at 37 OC to allow cap formition. 
followed by fixation of cells in 1% formalin. If the capping step was 
not to be included, cells were kept in 0.02‘6 sodium azide througbout 
the procedure and fixed in 1% formalin alter the final wash. 

IF was examined using a Zeiss microscope with f l u o r c s ~ ~ ~  
epi-illumination, and selective filters. Cell samples were counted fOr 
total cells in the field and for total numlar of cells with capped 01 

ring fluorescence using a hemacytometer A capped cell was definod 
as one having a polar aggregation of flu xescence and at least One 
third of the cell lacking fluorescence. Caps were generally d i s t i d  
covered approximately one third of the ell surface, and were VCry 
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bright. The percentage of positive cells was calculated after screen- 
ing a minimum of 1,OOO cells. In samples with less than 0.1% of caps 
or rings, a minimum of 5,000 cells were screened. Assays for 
detection of sIg involved enumeration of capped cells as has been 
described.' Assays for BA-1 involved ring fluorescence. For the cp 
chain determinations, a modification of described procedures was 
used.'' Cytospin preparations of PBLs were fixed in carbon tetra- 
chloride followed by washing and then treatment with FITC-sheep 
anti-human IgM (Tago), or RITC rabbit anti-p (Jackson Immuno- 
chemicals, Avondale, Pa); comparable results were obtained with 
both reagents. Negative controls were always done on patient 
samples using FITC-sheep anti-mouse Ig, and every test included 
slides of Nalm-6, a cp+  pre-B cell line, as a positive control on the 
reagents used; these controls were uniformly completely negative or 
completely positive, respectively. We found that reproducible results 
were obtained only with the carbon tetrachloride fixation procedure; 
use of acid-ethanol, when it was succesful, gave comparable intensity 
and quantity of cp+ cells, but frequently no fluorescence was 
observed even for the Nalm-6 control slides. 

The number of BA-I+ cells per milliliter of blood was calculated 
as (fraction of BA-I+ cells in purified PBLs) x (fraction of 
lymphocytes in WBCs) x (number of WBCs per milliliter of blood) - number of BA-1 + cells per milliliter of blood. 

Aliquots of PBLs were tested for expression of 
two different markers by either indirect IF or a combination of 
indirect and direct IF. Cells were incubated in sodium azide with 
BA-I antibody or with saline, washed, and treated with RITC- 
F(ab), fragment of sheep anti-mouse Ig. After washing again, cells 
were treated with the indicated second antibody or saline, washed, 
and incubated with an FITC-F(ab), fragment of sheep anti-mouse 
lg. For the controls in which saline was used instead of a second 
antibody, no double-labeled cells were detected. To determine the 
number bearing both BA-I and PNA receptors, cells were treated 
Jequentially with BA-I, RITC-F(ab), sheep anti-mouse Ig, and 
f i d l y  PNA-FITC. Cells exhibiting both red and green fluorescence 
were enumerated. Every test included a negative control in which 
saline was substituted for the BA-I antibody. These did not show red 
fiuorescence. 

dIF to detect cp chains was done using suspension of PBLs. Cells 
were tested sequentially as follows: BA-I, RITC-F(ab), sheep 
anti-mouse Ig, fixation in ethanol, and finally FITC-sheep anti- 
human IgM (Tago)." Cells with red ring fluorescence and intracel- 
lular green fluorescence were considered to be BA-I+ cIg+. Every 
assay included a negative control with saline instead of the BA-I 
antibody. 

BA- 1 is a monoclonal antibody specific for a marker 
on sIg+ B cells and some granulocytes" (Hybritech, San 

bego). Anti-rc and ant i4  were monoclonal reagents from BRL 
(Gaithersburg, Md). OKT3, OKT8, and OKTlO were from Ortho 
Pbrmaceutical Corp (Raritan, NJ). 80H-3 and 80H-5'' are mono- 
cronal antibodies specific for granulocytes, and 82H-316 is specific 
'or monocytes; these were a gift from Dr Patrice Mannoni. Univer- 
sity of Alberta. 7H-3 is a monoclonal antibody specific for mono- 
Whit determinants on HLA-DR," provided by Dr BM Longen- 
ecker, University of Alberta. PNA-FITC was from Sigma (St 
h i s ) .  

Double IF (dIF).  

Antibodies. 
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RESULTS 

sIg+ cells, the number of BA-I+ lymphocytes was within tlie 
normal range (Fig 1 and Table 1). In 78% of the patients, tlie 
ratio of BA-I+ to sIg+ cells was significantly higher th: n 
observed in normal individuals where Ba- 1 + and sIg+ levc Is 
were comparable (Fig 1 and Table 1). 

The discrepancy between the number of BA- 1 + cells ar d 
sIg+ cells did not correlate with treatment status (Table I ) ,  
and was not restricted to frank myeloma, as 44% of patients 
with MGUS also exhibited an elevated BA-l+:sIg+ ratia. 
Abnormally high ratios of Ba-l+ relative to sIg+ cells we-e 
seen in 50% of patients with light chain disease, and in tv'o 
patients with nonsecretory myeloma, (mean, 4.9% * 1 % 
BA-1+ cells), indicating that the high levels of BA-I+ cells 
are not due simply to the presence of large amounts If 
M-component in serum. Usually, in patients with MGU3, 
the number of BA-1 cells in PBLs, and the number of BA-I + 

cells per milliliter of blood were within the normal ranl:e 
(Table l) ,  although values from myeloma patients varicd 
considerably more than those from normal donors or patients 
with MGUS (Fig 1). The presence or quantity of BA-I+ sIg - 
cells showed no detectable correlation with type of man)- 

clonal protein expressed or with its location in serum v uriiie 
(data not shown). 
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with IgG, IgA, or light chain disease had reduced numbers of described.' Mean normal ratio, 1.1 gO.36 SD. 
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t Table 1. EA-1 + Cells in Patients Classified According to Treatment Status 

% BA-1 No. of Samples BA- 1 +- 

Untreated 4.4 * 1.9(12) 0.3 f 0.13 8/12 1 1 * 7  - 
Off treatment 5.9 i 2.5 (6) 1.7 f 0.6 516 - 
MGUS 5.5 i 1.3 (9) 3.1 f 1 419 8.2 2 2.4 
Normal 9.7 f 1 (23) 6.34 f 0.5 0123 6.8 * 4 

Cells in PBLs % slg' With Abnamal a l a  x io-*/m 
Calls in PBLs BA-l+:slg* of Bbod Patmnts (No. of Samples) 

Intermittent chemotherapy 8.6 f 1.2 (64) 0.3 * 0.4 50164 9.9 k 3.8 

Values are the means SE. An abnormal ratio of BA-1' to slg was defined as one exceeding the mean of the ratio in noT nal donors by 

ma (22.2). The number of BA-1' cells in blood was calculated from the WBC and differential counts on the blood to be pi rified, or on a di- 
peripheral blood counts done on a separate tube of blood taken at the same time. 

Variation in BA-I+ levels. A series of patients was 
assessed for the number of BA- 1 + cells in PBLs at regular 
intervals for a nine-month period (Table 2). Considerable 
variation was observed in absolute numbers of BA-I + and in 
the ratio of BA-I+ to sIg+ cells. Data from case No. 086 
suggests possible cyclical variation. 

dIF studies 
with BA-1 and a panel of antibodies directed to other B and 
pre-B cell markers were performed to identify the BA-I + 

subpopulation of PBLs (Table 3). 
Pre-B cells have been shown to be sIgM- and cp."." 

BA-I + cells from case No. 086 were 95% sIgM- as defined 
by a lack of ring fluorescence with the FITC-anti-IgM on 
RlTC/BA-1 -labeled cells. However, 88% of the BA-1' cells 
were weakly positive for cIgM in double IF determinations. 
The majority of BA-I+ cells did not bear markers expressed 
on granulocytes or monocytes and were negative for expres- 
sion of OKTIO, or receptors for PNA. In a series of double IF 
tests on PBLs from different individuals, each of three 
patients had BA-I+ sIgM- cells. Ten of 12 patients had 3% 
to 20% BA-1+ cells but t0.6% OKTlO+ cells. In a series of 
cp determinations, 18 of 22 myeloma patients whose PBLs 
expressed low numbers of sIg+ cells had, on average, 22-fold 
higher numbers of cp+, and twofold more cp+ cells than 
BA-I+ cells (Table 4). Patients with MGUS and normal 
donors had numbers of cp+ cells that correlated with the 
number of sIg+ cells and, on average, twofold more BA-I + 

cells than cp+ cells. Thus, the pattern in patients with 
MGUS and normal donors was considerably different from 
that of myeloma patients (Table 4). Preliminary data sug- 

Other phenotypic markers on BA-I + cells. 

gest that the BA- 1 - sIg- cp+ popul ition seen in some of I& 
myeloma patients represents a very early stage of Pre-B al 
development (L.M.P., unpublished Ibservations, 1984). a 
majority of the cIgM+ cells had a large, sometima anve 
luted, nucleus and a thin rim of CI :M+ cytoplasm. IF with 
the anti-p or anti-IgM reagents was dim to m d m %  
although in two patients a very low number of cells with & 
bright IF  and morphology characte ktic of plasma cells 
observed. In six of eleven patients ar alyzed, tl% of c ~ +  alh 
were positive for the expression of c rtoplasmic light chainre 

Heterogeneity in the expression c f receptors for PNA a& 
of HLA-DR on BA-I + cells from p ztients. Using dIF, & 
BA-I+ cells in a number of patients were screened for 
simultaneous expression of HLA-DI t and receptors for PNA 
(Table 5) .  Although the BA-I + cell i within PBLs of a @veri 
individual were in most cases homog eneous, heterogeneity in 
the expression of PNA receptor2 was seen among the 
patients. For multiple myeloma, WI :  detected either BA-1' 
PNA+ or BA- 1 + PNA- cells. Norm a1 donors and those wib 
MGUS had mainly BA-1 + PNA- cells. In all categories we 
detected some patients with a mixti re of BA-1' PNA' a d  
BA-I+ PNA- cells; most of the mi ltiple myeloma patienu 
had BA-I + PNA+ with a small subs% of BA-I+ PNA-cellr, 
while normal donors and MGUS pat lents with mixed popula- 
tions had the reverse pattern. Heter )geneity among patients 
was also observed in the expressicn of HLA-DR. BA-I+ 
PNA- cells in myeloma patients. MGUS patients, and 
normal donors were HLA-DR+ (Ta ,le 5 ) .  In all cases where 
BA-I+ HLA-DR- cells were seen, those correlated very 
closely with the number of BA-I + P NA+ cells in aliquots of 

f 

Table 2. Temporal Variation in the Number of EA-1 + slg- Cells in PELS of Multiple Myeloma Patients 

Percentage of BA-1 +/SIB+ in lndvidual Sampler of PBLs 

No. Julv AUO Sept on Nov Dm FEb MRdl r 

086 510.3 1510.05 1710.08 2810.02 5.810.02 22l0.02 2 410.07 610.02 
013 1.612.4 0.031 1.6 03411.5 14/13 - - - - 
075 3.0.10.32 - - 1510.07 - - 2. 4/o.o9 26f0.06 
109 - - - - 20.10.75 - 4.310.7 1.910.3 
082 810.4 - 1910.06 - - - - - 
093 - 5.910.33 - - 1210.03 - - 110.09 
08 7 - - 18.310.08 2.0/0.08 - - - - 
09 7 - 1610.28 7.610.1 1 2.910.15 - 7.210.1 - 2.310.7 
101 2.810.2 - 0.610.16 13.510.1 1 - - - 0.1610.2 
080 710.9 2.1 10.7 - - - 4.310.9 - 13.40.9 

*PBLs taken from patients while still untreated. Patient No. 075 had light chain disease, and patient No. 080 had an I( A M-cornponent; the rest d 

t 

had lgG M-components. 
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Table 3. Phenotypic Markers on EA-1 + Cells 

4 9  

Dcubk-Ldmbd phsnotype of Ma* 

- M&Ol CellslNo. of BA-1' Cdls 1%) EA-l* Sllbrst 

Double immunofluoreecence 
slgM 101195 (5.11 slgM- 

PNA receptor 2/132(1.51 PNA- 
80H.3 (granulocyte) 79/299 (26) 80H.3- 
80H.5 (granulocyte/myeloid)) 16/101 (161 80H.5- 
82H.3  monocyte) 1 15/38 1 (30) 82H.3- 

CP 43/49 (88) CP + 

Single immunofluorescence 
OKT10:BA-1 0:250 ( ~ 0 . 0 4 )  OKTlO- 

~ 

PBLs were from patient No. 086 (1gG-r: on treatment) and were 70% lymphccytes and 30% polymorphs Q monocytes by Giemsa staining. Of to al 
PBLs, 22% wwe BA-1'. For all markers except OKT10, double immunofluorescence, performed at 4 O C  in the presence of sodium azide, was used :o 
define the 8A-1' population. For OKT10, separate aliquots of cells were tested which yielded 22% 8A-1' cells and <0.05% OKTlO' cells, makii 1g 
double fluorescence studies unnecesm. 

the same PBL preparations. In the case of normal donors, 
MGUS patients, and four myeloma patients, BA-I+ cells 
that appeared to be sIg+ B cells were also PNA-. 

Temporal variation in the PNA/HLA-DR phenotype of 
BA-l+ cells from individual patients. In addition to quan- 
titative temporal variations in BA-1+ cells (Table 2), the 
slg- BA-I + population in individual patients exhibited quali- 
tative shifts in the PNA/HLA-DR phenotype over time 
(Table 6). During a seven-month period, patient No. 086 
exhibited a shift from a PNA- to a PNA+ BA-I + population 
(U defined by dIF studies. Both populations were sIg- 
ClgM'. In PBLs from patient No. 075, BA-I + cells showed a 
transition from a PNA+ to a PNA- phenotype. Patient No. 
097 maintained a stable BA-1+ phenotype. 

The level of sIg- BA-l+ cells in PBLs does not correlate 
Mth T cell subset distribution. Since patients have a 
*kewed ratio of OKT4- to OKT8-bearing T cellsigvm that 
involvts reduced numbers of OKT4+ cells coupled with 
normal numbers of OKT8' cells, we searched for a relation- 
'hip between the fluctuation in BA-l+ cells and the T cell 

distribution. The majority of patients studied here had 
M u a d  numbers of OKT4 and normal numbers of OKT8 
ells: the total number of T cells (OKT3+) varied consider- 
aMY:l We observed no correlation between the absolute 
"umber of BA- 1 + cells or the ratio of BA- 1 +:sIg- to absolute 
a u m b  of OKT4+ or OKT8' cells (data not shown), and no 

correlation between BA- 1 +:sIg- and the proportion of total r 
cells that are OKT8+ (OKT8:OKT3, Fig 2). 

The level of slg- BA-1+ cells does not correlate with tl e 
concentration of polyclonal Ig in serum. Since B cell 
differentiation is arrested in most myeloma patients, t 
seemed possible that the level of sIg- BA-I+ cells migl t 
correlate with the concentration of normal serum Ig. Tl-e 
amount of serum IgM, as the uninvolved class for IgG, IgP ., 
and light chain disease, was quantitated and compared to the 
percentage of BA- 1 + cells. There was no correlation between 
number or PNA+/- phenotype and reductions in the concer - 
tration of serum IgM (Table 7). 

DISCUSSION 

Lymphocytes from multiple myeloma patients appeared t 3 

be frozen in their differentiation from sIg- pre-B cells to sIg ' 
B cells, and pre-B cells were abnormally located in th: 
peripheral blood. We detected high numbers of BA- 1 + sIg 
cp lymphocytes in the PBLs of myeloma patients and in 445 
of patients with MGUS. We also detected temporal fluctua- 
tion in BA- I + levels of up to 460-fold in some patients. Thes : 
observations suggest that the B lymphocyte lineage c f 
patients bears superficial similarity to the developmenta I 

Table S. Heterogeniety in Expression of PNA and HLA-OR 
Markers on EA-1 + Cells From Dflerent Individuals: Double 

Immunofluorescence Studies 

Table 4. cp+ Cells in Multiple Myeloma. MGUS. 
and Normal Donors 

Pacentago of PBLs IRanga) 

No. of 

*a 18 15.6 t 4.3 0.7 c 0.4 7.0 c 1.4 
(2-801 

4 C l  0.19 c 0.1 0.67 c 0.3 
9 3.3 2 0.7 3.1 f 1 6.2 2 1.2 

h 3 6.3 c 1.2 4.4 0.5 11.9 f 0.8 

W J S  

(<1-71 

\ (4- 10) 
Thr - 

% bv * IF on three aliquots of each mdtndual PBL sample. 

Values reported above accurately r e k t  the pattern of 
In indiwdual samples. Marker expression was deter- \ 

No. of Individuals With 

BA-1' PNA' BA- 1 + PNA' Mixed. 

Multiple myeloma 14/52 29/52 9/52 
MGUS 51 20 12/20 31 20 
Normal - 15/16 1/16 

Multiple myeloma 10126 8/26 8/26 
MGUS 518 118 218 

116 Nwnal 516 

EA-1' HLA-OR++ BA-1' HLA-OR-$ Mixed. 

- 

A population of SA-1 + cells was considered to be mixed if the relevant 

*Patients with a mixture of PNA+'- phenotypes had a mixture c f  

tAll patients with 8A- 1 + HLA-OR+ phenotype also expressed th, 9 

$All patients with BA-1' HLA-DR- were also BA-l+  PNA'. 

subsets exceeded 20% of the total BA- 1 + cells. 

HLA-DR+/-. 

BA-l+ PNA- phenotype. 
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Table 6. Temporal Stability of Surface Phenotype in Some but 
not all Patients 

PNA EA- 1 + 

Cella 1%) Predominant 
Patient No. Date + - Phenotype 

097 Dec 1983 
Feb 1984 
March 1984 

086 Oct 1983 
Nov 1983 
Feb 1984 
March 1984 
April 1984 

075 Oct 1983 
Feb 1984 
March 1984 

_ _  
26 74 
14 86 
34 66 
18 82 
10 90 
75 25 
81 19 
75 25 
86 14 
69 31 

5 95 

PNA- 
PNA- 
PNA- 
PNA- 
PNA- 
PNA’ 
PNA’ 

PNA’ 
PNA’ 
PNA- 

PNA+ 

.(lr 
Table 7. Lack of Correlation Betweet Percentage of SA-1 + 

and Serum IgM .eve15 

Mean % of v 
phenotype Serum IgM EA-1 + Cells 

(mg/mL) (No. of Samples) Ra lge (%I (No. of *, 
<0.18 6.1 r 0.9 (44) 0.1 3-26 PNA+ (7) - 

PNA‘ (13) 

PNA- (1 1) 
PNA+ (14) 
PNA- (1 7) 

Serum IgM levels were quantitated by nephelometry (Beahring 
- 
’* 

nostics of Canadian Hoechst Ltd, Montrei I). BA-1 + cells and murn 
were always quantitated at the same tin le point. The normal ran- ,,, 
serum IgM is 0.4 to 2.6 (mean ? 2 SD). Values for BA-l+ cells we 
means ? SE. 

0.19-0.39 6.6 t 0.8(17) 0.5-18.8 PNA+ (4) 

0.4-2.6 6.4 t 1.0 (54) 0.3 1-28 

All determinations of PNA binding were done in double IF with 8A-l+ 
cells. Patient No. 097 had 3% to 25% 8A-l+ cells, patient No. 086 had 
2% to 28% 8A-l+, and patient No. 095 had 3% to 26% BA-l+ cells 
over the course of these assays (see Table 2). 

stage of an early fetus when pre-B cells predominate and sIg+ 
B cells are low or ~ndetectable.””~ 

BA- 1 is a monoclonal antibody generated in response to a 
pre-B ALL which expresses the slg- cp+ phenotype.12 The 
BA-I antigen is expressed on sIg+ B cells and is lost on 
terminal differentiation to a plasma cell. PBLs from normal 
donors included 6% to 10% BA-I+ sIg+ cells and 0% to 1% 
BA-I+ sIg- cells.” Our results confirmed that BA-I+ cells 
from normal donors were sIg+ B cells. Finally, normal and 
chronic lymphocytic leukemia progenitor cells able to pro- 
duce B lymphocyte colonies in vitro bore BA-1.” 

To further identify the BA-I+ cells in patients, we used 
dIF. Since patients are deficient in sIg+ cells: BA-1 + cells do 
not have a high density of slg. However, it was possible that 
they represented immature B cells with a low density of sIg, 
or B cells able to rapidly shed sIg.mv23 We performed dIF in 
sodium azide to prevent shedding of sIg and found very few 
BA-I’ cells, if any, that were sIgM+. They did, however, 
exhibit moderately positive intracytoplasmic staining with 
FITC-sheep anti-IgM (Table 3). Also consistent with a 

5.0 7 

- 1  2.0 

0 2  

0 

0. 
0. 
0 

f 
0 1 IO loo loo0 
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Fig 2. Numbers of Ba-1’ cells do not correlate with the 
number of OKT8+ cells. Closed symbols represent valuer in 
individual patients; opep symbols represent values in normal 
patients. 

definition of the BA-I + cells as prt -B cells in many individ- 
ual patients was their expression E f a low density of HLA. 
DR (non-capping s~bse t ) .” ’~  

Although OKTlO is expressed on sIg+ B cells in bone 
marrow,24 we were unable to deteci expression of OKTlo on 
the BA-I + PBLs observed here, inc licating that they are not 
equivalent to immature bone mar’ow B cells. In contrast, 
BA- 1 + PBLs from some patients e: pressed receptors for the 
lectin PNA, which in normal patien ts occur only on B cells of 
bone marrow origin.I8*” In a series >f studies using a murine 
model, Osmond and his have shown that the B 
cell maturation pathway includes large PNA+ pre-B cells 
which give rise to small PNA+ Ire-B cells, followed by 
differentiation to PNA- B cells. Th :subpopulations of pre-B 
cells in the PBLs of multiple myelc )ma patients appeared to 
parallel the murine pattern. The PI IIA- pre-B cells observed 
may represent an intermediate st age between the PNA+ 
pre-B cell and a PNA- B cell. The multiple myeloma 
patients exhibited heterogeneity i I that some had BA-I+ 
PNA- cells and others had BA-1’ PNA+ cells. MGUS and 
normal donors had all or mainly PF A- BA- 1 + cells which in 
normal and most MGUS patients v ere sIg+ B cells. 

HLA-DR expression on the B1 L-1 + population differed 
between individual patients (Tablc: 5 ) .  BA-I+ PNA- cells 
were always HLA-DR+, while EA-I+ PNA+ cells were 
HLA-DR-. Both phenotypic sets were cp+ sIg-. The pheno- 
typic patterns seen in patients and normal donors are sum- 
marized in Table 8. In two patients sequentially typed over a 
six- to seven-month period, we observed a shift in the BA-I+ 
phenotype from PNA- to PNA+ in patient No. 086, and 
from PNA+ to PNA- in patient Nc I 095. It seems likely that 
such temporal shifts in phenotypc account for the mixed 
PNA+/- HLA-DR+/- population I we observed in some 
patients. The functional significan :e of the various BA-1’ 
populations and the acquisition or IC ss of markers is currently 
being investigated. They may reflec : stages of developmental 
blockade, and suggest that the arr :st in differentiation is a 
dynamic process. 

Results analogous to or consistent with our own have been 
obtained in other systems. A devl :lopmental arrest in the 
expression of sIg by pre-B cells has been shown in congenital 
a g a ~ m a g l ~ b u l i n e m i a , ~ ~ ~ ’  with pn r-B cells located in the 
periphery.” sIg- PBLs expressing a B cell antigen were 
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- Table 8. Phenotype of BA-l+ Cells in Myeloma, MGUS, and Normal Donors 
No. of Individuals 

(Type ot BA- 1 + Cells1 - c-gw BA- 1 PNA HLA-DR slgM 

Myeloma + + - - 14 (Pre-8) 
- 25 (Pre-B) + 

+ - or ? - o r *  + 6 (B cells) 
MGUS + - + + 5 !B cells) 

+ - + - 12 (Pre-8) 

+ - 
+ + + - 7 (Pre-6) 

+ + + + o r-  1 (Pre-B)/2 (B cells) 

- Normal + - + + 16 (B cells) 

k, mixed population. 

described in one myeloma patient by Turesson et aI3* as 
reflecting a lower degree of B cell maturity. Mayumi et ai" 
have described an unusual population of bone marrow pre-B 
cells in leukemia patients. The apparent cycling in PBLs of 
the BA-1+ cells seen in patient No. 086, which appears to 

. correlate with shifts in the PNA-binding phenotype, is 
similar to that reported for bone marrow pre-B cells in a 
patient with cyclic neutropenia." 

Reports that B cells from myeloma patients showed 
enhanced sensitivity to T cell suppression3' prompted us to 
search for correlations between the fluctuation pattern of 
BA-I+ cells and OKT4' or OKT8' cells. No such correla- 
tions were detected. Neither could we detect a correlation 
between number or phenotype of pre-B cells and the degree 
of reduction of serum IgM. 

It is not clear whether the Ba-I+ pre-B cells have entered 
the peripheral circulation as a result of disordered differen- 
tiation or immunoregulatory influences, or if it is a conse- 
quence of extensive and diffuse marrow infiltration by the 
Plasma cell neoplasm. The existence of pre-B cells in the 

periphery of some patients with MGUS, and patients in very 
early stages of the disease, both of which have very felv 
plasma cells in the marrow, suggests that tumor cell infiltra - 
tion of the intramedullary space does not play a role in th: 
exodus of pre-B cells from the bone marrow. In addition, th: 
number or phenotype of pre-B cells in circulation does nc t 
correlate in any obvious way with the stage of disease. 
Experiments are in progress to explore whether these abnor . 
mally located cells are pre-malignant by determining thi : 
monoclonal or polyclonal nature of the pre-B cell populatioi I 

and to determine the reasons for the existence of pre-B cell ; 
in the periphery. 
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