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SUMMARY We present the data obtained from routine quantitation of normal venous blood
mononuclear cells using 19 monoclonal antibodies against defined mononuclear cell surface
antigens. The results indicate different values for percentage and absolute numbers of T lympho-
cytes and of T lymphocyte subsets depending on the monoclonal antibodies used to quantify
these populations. In most instances the total number of identified cells was significantly less than
the total number of recovered blood mononuclear cells, which suggests the existence in blood of a

null cell population. Evidence is advanced to support previous observations that at least a propor-

tion of this population is of B cell lineage, expressing cytoplasmic immunoglobulin but lacking
other class or lineage specific markers. The value of a diverse monoclonal panel in routine
quantitation of peripheral blood mononuclear cells is discussed.

Knowledge of the different classes of cell in venous
blood is essential for the diagnosis and investigation
of a wide variety of clinical disorders. The availabil-
ity of monoclonal reagents specific for different clas-
ses of lymphoid cells and mononuclear phagocytes
has increased the precision with which these cells
can be defined in blood and tissue. In laboratories
where routine quantitation of lymphocytes in blood
forms an essential part of the diagnostic work-for
example detection of graft rejection, monitoring
blood changes in lymphoma/leukaemia-it is neces-
sary to know the range of normal values of lymphoid
cell subsets as a comparative basis for the diagnostic
evaluation of patients. Our survey of the published
work (Table 1) has shown that this information is
not generally available, although in many papers
values for T cell subsets are given-for example, in
patients with acquired immune deficiency syn-
drome,20 rheumatoid arthritis,2' and recipients of
renal allografts.22 The diurnal variation in circulating
lymphoid cell numbers has been reported.23
We have measured the normal values of class

specific (T and B lymphocytes, monocytes), subset
specific (TH7 TS, NK cells), and HLA-DR, C-ALLA,
and transferrin receptor specific monoclonal anti-
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bodies in 29 samples of venous blood from normal
volunteer donors.

Material and methods

The techniques of cell separation employed were
essentially those of Habeshaw and Young.24

Samples (16-20 ml) of venous blood were
obtained from 29 normal volunteers (19 women and
10 men, mean age 33-8 years) by venepuncture into
preservative free heparin (50 u/ml). Blood was
taken between 8.30 and 11.00 am.
The total white cell count was determined using a

Coulter counter (model ZB1), and the differential
count was determined from May Grunwald-Geimsa
stained smears for each sample.
Blood was diluted 1/2 with tissue culture medium

RPMI 1640, layered on to Ficoll Paque gradients
(density 1.076) (Pharmacia Ltd), and centrifuged at
400 g for 30 min at 18°C. The mononuclear cell
band was totally aspirated and washed twice before
counting. The total numbers of recovered cells were
derived from this cell count. Levels of polymor-
phonuclear cell contamination were within the range
described previously (0.9% at Ficoll/Triosil
interface).24
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Values for normal blood mononuclear cells defined by monoclonal antibodies
Table 1 Monoclonal anfibodies used and their described specificities and values

Monoclonal antbody Described specifrity Normal value for mononuclear cells in Reference
peripheral blood

Leul/Leu4 (OKT1) Pan T cell All T cells 1, 2, 3
OKT3 (UCHT1) Pan T cell All T cells 4, 5
OKT4 T helper/inducer 55-60% T cells 4, 6
Leu3a " " 47-78% T cells 2, 3
OKT8 (OKT5) T suppressor/cytotoxic 20% T cells 6
Leu2a " " 22-46% T cells 2, 3
TI1* E rosette receptor 75% peripheral lymphoid cells 7
B1 Pan B cell 9 + 2% mononuclear cells 8
BAI Most B cells and malignant surface Surface immunoglobulin positive 7-6%; 9

immunoglobulin positive cells negative 0-7%
BA2 Bone marrow Iymphoid progemtor cells <1% (range 0-2%) mononuclear cells 10
33-1 Epstein-Barr virus transformed B cells 0 or very low 11

Some chronic lymphocytic leukaemia B
lymphocytes

J5 CCommon acute lymphoblastic leukaemia antigen 0 or very low 12
Leu7 NK and K cells 15.1 ± 7-1% peripheral lymphoid cells 13
W6/32 Anti-HLA-A, B, C All mononuclear cells 14
2D1 Antihuman leucocyte antigen All T and B cells, monocytes weakly 15
OKT9 Antitransferrin receptor 0 or very low 16
Ca2-IIt Antimonomorphic HLA-DR B cells, monocytes, transformed T cells 17
OKM1 Monocytes and null cells 27% mononuclear cells 18
MO2 Monocytes 9 + 4% mononuclear cells 19

*We found the mean normal value for Ti 1 expression to be lower than that given in reference 6.
tCa2-II normally detects B cells and circulating monocytes but values may be higher if transformed T cells are present.

MONOCLONAL ANTIBODIES
The monoclonal antibodies used in this study are
shown in Table 1. The titre for each reagent was
determined, and the monoclonal and second phase
fluorescein isothiocyanate goat antimouse antibody
were used as described by Habeshaw et al.25 The
percentage of cells showing clear positive fluores-
cence was determined using a Zeiss photomicro-
scope IV equipped for phase contrast and incident
light ultraviolet fluorescence.

CYTOPLASMIC IMMUNOGLOBULIN
Cytocentrifuge preparations were air dried, fixed in
95% ethanol, and then washed twice in phosphate
buffered saline. Slides were stained with monoclonal
anti-G, M, A, D, K, and L by adding 50 ul of
appropriate antibody to each preparation and
incubating at 4°C in a humid atmosphere for 30 min.
Slides were washed by immersing in phosphate buf-
fered saline and agitating on a rotating shaker for
1 h. Fifty microlitres of fluorescein isothiocyanate
goat antimouse second phase antibody was added to
each preparation and incubated in the same way.
Slides were washed as before, mounted in Uvinert
aqueous mountant (BDH Chemicals), and viewed.

STATISTICAL ANALYSIS
All p values are based on a paired t test.

Results

The percentage values and numbers of mononuclear
cells reacting with each monoclonal reagent are
given in Tables 2 and 3 and illustrated graphically in

Table 2 Percentages ofmononuclear cells reacting with
described monoclonal antibodies

Monoclonal Range Mean ± SD
antibody

Leul/Leu4 22-70-67-00 44-61 ± 12-07 (n = 29)
OKT3 30-00-71-90 5205 11-69 (n= 18)
UCHT1 18-70-73-10 46-27 ± 14-93
OKT4 14-00-58-70 34-28 + 11-25
Leu3a 16-20-53-00 33-71 ± 10-43 (n = 25)
OKT8 15-30-37-00 23-58 ± 5 66
Leu2a 6-00-36-00 21-82 ± 7-47 (n = 28)
T1l 25-00-76 70 48-80 + 12-90
Leu 7 3-00-28-80 11-28 + 6-27
B1 3-10-25-20 9-08 ± 6-71
Bal <1o-34-70 5-84 ± 7-62
Ba2 <1%-20-30 3-92 + 4-83
J5 <15-60 1-18 + 1-55
33-1 < 1 -15 40 3-37 + 3-66
2D1 58-80-100-00 91-13 + 11-74
W6/32 66-10-100-00 9354 + 11-32
OKT9 <197-90 1-20 + 2-19
Ca2-II 1-80-20-50 7-52 + 4-22
OKM1 10-00-35-40 20-92 + 7 95
MO 0-60-28-60 14-38 + 6-98
Sur?ace immunoglobulin

(15 cases)
G <16-80 2-96 ± 2-44
M <107-40 2-51 1-93
A <1%-i 190 3-22 ± 346
D <1-15-40 4-43 ± 4-51 (n= 14)
K <10-18-90 6-37 + 5-97
L <1-13-70 3-77 _ 3-86

Cytoplasmic immunoglobulin
(9 cases)
G <1-18-20 6-27 ± 586
M 0 90-9 00 5 44 _ 2-97
A <10-21-00 4-96 + 6-48
D <1%-1 1-60 4-49 _ 4-67
K 0-80-14-80 8-52 _ 12-05
L <1%-1340 3-69 ± 3.75

Each carried out on 20 cases except where indicated.
As only 200 cells were counted for each monoclonal antibody the
possibility of missed positives cannot be neglected; therefore,
where no marked cells were observed, a value of <1% is given.
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Table 3 Absolute numbers ofmononuclear cells reacting
with described monoclonal antibodies (x 106Ilml)
Monoclonal Range Mean ± SD
antibody
Leul/Leu4 0-31-2-49 1-06 0O44
OKT3 0-57-2-93 1-45 0-66 (n = 18)
UCHT 1 0-359-76 1-30 ± 072
OKT4 0-25-1-94 095 ± 044
Leu3a 0-27-1-50 0-77 0-31 (n = 16)
OKT8 0-291-42 0-68 + 030
Leu2a 0-11-1-40 0 53 0027 (n = 19)
T1l 0 70-394 1-35 ± 072
Leu 7 0-050-66 030+ 017
BI 006-0-63 0-25 + 0-19
Bal <1-0-90 0.15 + 020
Ba2 <1-0-49 0-1 ± 0-14
J5 < 1-0- 14 0 03 + 004
33-1 <1-0-45 009 0-11
2D1 0-974-51 2-51 ± 090
W6/32 1-25-514 2-64 + 1-04
OKT9 <1-0-41 0-04 0-09
Ca2-II 0-060-60 0-20 ± 0-13
OKM1 0-17-1-58 0-59 +±035
MO 0-01-1-06 0-40 ± 0-25
Surf2ace immunoglobulin

(15 cases)
G <1-0-33 0-09 ± 0-09
M <1-0-25 0-07 ± 0-06
A <1-0-32 0-10 ± 0-12
D <1-0-79 0-15 ± 0-20 (n= 14)
K <1-0-64 0-19 0-19
L <1-047 0-11 +0-12

Cytoplasmic inmunoglobuin
(9 cases)
G <1-0-57 0-21 ± 0-22
M 0-02-0-36 0-17 ± 0-12
A <1-0-64 0-15 ± 0-22
D <1-0-60 0-17 0-22
K 0-02-1-27 0-25 ± 0-37
L <1-0-41 0-11 ± 0-12

Each carried out on 20 cases except where indicated

the Figure. Treating the markers OKT3/UCHT1 as
pan T cell, B1 as pan B cell, MO2 as monocyte
specific, and Leu 7 as identifying a separate blood
mononuclear cell subset (NK), we have tested the
assumption that all mononuclear cells are of these
categories-that is, "the defined mononuclear cells"
shown in Table 4. A paired t test was used on the
difference between the sum of defined mononuclear
cell classes and total recovered venous blood mono-
nuclear cell count (from the differential count,
recovery, and known blood volume). The
significance of this result (p < 0.001) indicates the
presence of an unmarked cell population. When this
test was repeated with values obtained for the anti-
body 2DI (HLel) (reactive with all haematopoietic
mononuclear cells) as "the defined mononuclear
cells" similar results were obtained (p << 0.001).
Values of cells unaccounted for were tested for
correlation with the percentage recovery of mono-
nuclear cells from the Ficoll/Triosil interface. There
was no statistical correlation (using Kendall's corre-
lation coefficient) of unmarked cells with recovery.
It is therefore probable that a circulating null cell
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population exists. These cells are not monocytes
(determined from MO2) but specific tests to exclude
pinocytosis of immunoglobulin (which might lead to
confusion) were not done. Values obtained for the
pan B cell marker B1 and surface immunoglobulin
positive cells (K + L) are concordant across the
range. It is apparent that the K to L ratios of surface
immunoglobulin positive cells and of cytoplasmic
immunoglobulin positive cells are similar. It appears
that a proportion of cytoplasmic immunoglobulin
positive cells are B 1 negative, negative with the
markers Bal and Ba2, and HLA-DR, and corres-
pond to one category of null cells defined statisti-
cally in Table 4. When the category of cytoplasmic
immunoglobulin positive (K + L) cells (disting-
uished from B1 positive or surface immunoglobulin
positive cells) is included in the defined categories of
mononuclear cells (for seven donors only in this
sample) the null cell component is accounted for.
Double staining for cytoplasmic and surface
immunoglobulin was not within the scope of this
study. Previous reports, such as that of Niaudet et
al,29 indicate cytoplasmic immunoglobulin positive
cells to be a normal, minor peripheral blood popula-
tion.
An analysis of total T cells defined by pan T cell

markers and subset markers Leu3a, Leu2a, and
OKT4, OKT8 is presented in Table 5. In 17 of 20
individuals the sum of Leu3a + Leu2a bearing cells
was between 4-7% and 36-5% (mean 14-5%),
which was less than the total T cells using pan T cell
reagents Leul or Leu4.

In 8 of 12 individuals OKT4 + OKT8 positive T
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Values for normal blood mononuclear cells defined by monoclonal antibodies

Table 4 Total venous blood mononuclear cells (absolute numbers x 106/ml)

Donor OKT3 + B) + MO2 + Leu7 = Sum of defined Total venous blood Unmarked cells Percentage recovery
mononuclear cell mononuclear cells ofmononuclear cells
classes from count from Ficoll interface

1 2-58 0-57 0-37 0-29 3-81 4-20 0.39 52*4
2 1-05 0 27 0 30 0-25 1-87 3-06 1-19 48-9
3 2*93 0O55 O95 0-54 4-97 5*10 0.13 28-8
4 0-78 0-06 0 09 0.16 1.09 1-26 017 62-6
5 1-02 0-13 0-52 0-49 2-16 3*41 1-25 49-6
6 0.87 0-33 0.39 0-44 2-03 1-97 0-06 82-0
7 1-64 0-61 0.45 0-22 2-92 2-42 -0O50 52-9
8 1*23 0.40 0-43 0-27 2-33 2-27 -0-06 60-0
9 1-27 0.63 0-42 0*30 2-62 2-87 0-25 46-7
10 1 11 0.14 0-22 0-10 1*57 1-89 0-32 42-0
11 0-57 0-06 0-18 0 49 1-30 1-72 0-42 77-8
12 1-04 0.12 0.53 0.10 1 79 2-48 0.69 43-7
13 099 0.11 0.01 0-24 1-35 1*85 0-50 84-9
14 1-98 0-31 0-30 0-66 3-25 4-00 0.75 56-6
15 2-37 0.14 0-60 0-13 3-24 3-40 0-16 41-8
16 1-26 0-16 0-24 0-42 2-08 2-62 0.54 41-0
17 1-05 0-13 0-46 0.14 1-78 2-38 0-60 73-0
18 1-78 0-29 1 06 0-29 3-42 3-76 0.34 25*6
19 0.95 0-06 0-38 0.05 1*44 1 56 0-12 64-3

mean = 53-22 + 16 65%

cells were from 6-3% - 21-1% (mean 10-2%), real. We could find no constant association to
which was greater than the sum of Leu3a + Leu2a explain the discrepancy. In individual cases OKT4
positive T cells. In 10 of 12 individuals OKT3 values appeared to mark more cells than Leu3a, with
exceeded Leul or Leu4 positive cells in the same OKT8 and Leu2a marking similar numbers. Where
sample, although these differences are not the discrepancies occur they can result in as much as
significant over the whole series. These differences 10% error in the estimation of total T cells from the
do influence slightly the OKT4 to OKT8 ratio (1-44) sum of OKT4/Leu3a + OKT8/Leu2a positive cells.
compared with the Leu3a to Leu2a ratio (1-58),
which is of clinical importance (in three instances Discussion
the OKT4 to OKT8 ratio was reversed) but not
statistical significance. The same differences were Monoclonal antibodies reactive with a single epitope
found in our two laboratories independently and are may give rise to unexplained and occasionally

Table 5 Pan T and T cell subset marking with OKT and Leu monoclonal antibodies (percentages)

Donor Th Leu3a Ts Leu2a Pan T (3a + 2a) 3al2a Th OKT4 Ts OKT8 Pan T (T4 + T8) T41T8
Leul or Leu4 OKT3

St Bartholomew's Hospital
1 16-2 16-0 27 5 32-2 1-00 17-8 23-9 34-3 41-7 0 74
2 26&6 27-3 48 5 53-9 0-97 37-7 27-6 57-1 65-3 1*37
3 21-9 21-5 25 2 43-4 1-00 19-8 26 5 62 5 46-3 0.75
4 24-0 14-2 22-7 38.2 1-69 14-0 214 30.0 35-4 0.65
5 24-5 23-4 47-7 47-9 1-04 38-0 16-3 44-0 54.3 2-30
6 49-6 31-9 45-0 81-5 1-55 51-4 25-5 67-9 76-9 2-02
7 30-6 26-1 40-2 56-7 1-17 23-4 19-5 54-1 42-9 1-20
8 45 2 16-8 49-1 62-0 2-69 45 8 27-0 47-8 72-8 1-70
9 33-6 23-0 29-1 56-6 1-46 44-7 18-2 44-3 62-9 2-46

10 43-0 27-3 46&0 70.3 1-57 45-8 31-5 71 9 76&9 1-44
11 23-3 13-5 37-3 36-8 1-73 33-9 24-0 48-0 57-9 1-41
12 32-4 13-5 52-3 45-9 2-40 31-3 24-3 60-8 55-6 1-29
Harefield Hospital mean = 1-44
13 39-0 29-0 58-0 68-0 1-34
14 40.0 14-0 42-0 54-0 2-86
15 34-0 23-0 48-0 57.0 1-48
16 51-0 26&0 67-0 77-0 1-96
17 36-0 19.0 52 0 55-0 1-89
18 26&0 28-0 48-0 54 0 0.93
19 45-0 28-0 60-0 73-0 1-61
20 39-0 23-0 55-0 62-0 1-70
21 42-0 36-0 60-0 78-0 1-17

mean= 1-58
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bizarre results. It is therefore of considerable advan-
tage to use several characterised antibodies against a

single cell. When dealing with malignancies of the
lymphoid syst-ii in particular, a single marker is
manifestly insufficient to characterise a malignant
population. For example, OKT1 1 may be expressed
on cells of leukaemic reticuloendotheliosis, and
OKT3 may be reactive with surface immunoglobulin
positive cells.25 26 What concerns the clinical
immunologist is the extent to which a given mono-

clonal antibody operationally defines a given cell
lineage or subset. The more sophisticated techni-
ques of co-capping, double fluorescence staining,
and functional characterisation of cells are often
beyond the reach of the routine laboratory. Some
objective evaluation of the currently available
monoclonal antibodies in marking routine
peripheral blood samples was the purpose of this
study.
The markers OKT3/UCHT1, Bi, MO2, and Leu 7

have been used here as if they defined the whole of
the blood mononuclear cell population in terms of
the cell classes T cell, B cell, monocyte, and NK cell.
This is a convenience which is not necessarily real.
For example, the population of cells defined by the
monoclonal Leu 7 may be shown by other criteria to
include a proportion of monocytes/macrophages and
T cells.27 It is thus not strictly accurate to regard the
Leu 7 positive cell as belonging to a separate lineage
of peripheral blood mononuclear cells, in this paper
labelled NK cells. None the less, it is established
practice to use markers in this way to define a statis-
tical "average normar' blood mononuclear cell
profile. In a similar sense, classes of T cells, B cells,
and monocytes may be so defined, and there seems

no reason why such data should not form the basis
for a comparison of normal and diseased blood.
The normal range of values obtained corresponds

well between our two laboratories (Harefield Hospi-
tal and St Bartholomew's Hospital). Some
markers-for example OKT3 and OKT11-while
possessing the same nominal pan T cell specificity,
give different values in some individual samples.
Values we have obtained are similar to those found
by other means-for example, fluorescence acti-
vated cell sorter,23 rosetting with chromic chloride
coupled antibody coated red cell.28 Differences in
recovery from the initial density gradient do not
appear to affect grossly the normal values obtained.
This does not exclude, of course, the possibility that
storage or the presence of clinically important dis-
ease might influence recovery from density gradients
of blood mononuclear cells, thus altering the profile.
The lineage markers OKT3, Bi, MO2, and Leu 7

did not define the entire mononuclear cell popula-
tion. Evidence is presented that at least a proportion

Goff, Habeshaw, Rose, Gracie, Gregory

of this null component is of B cell lineage, lacking
surface immunoglobulin, the pan B cell markers B 1,
and the HLA-DR marker but expressing cyto-
plasmic immunoglobulin. Previous attempts to
define this nul! population29 would in part support
this conclusion. The circulating B cell population is
composed of B cells with M + D surface immuno-
globulin, B cells with immunoglobulin of other heavy
chain classes, and B cells expressing cytoplasmic
immunoglobulin only. All surface immunoglobulin
positive B cells appear to mark with B1 and fewer
with either Bal or Ba2. C-ALLA positive (J5+)
cells are rare, but occasionally form a significant
percentage-for example 5 6% (Table 2) of
peripheral blood mononuclear cells. The normal
percentage of mononuclear cells expressing the
transferrin receptor is 1% or less.
Comparison in individuals of staining with Leu

and OKT antisera for T helper and T suppressor
subpopulations shows variations in the Th to Ts
ratio (Table 5, donors 4, 5, and 12), which may be of
clinical importance-for example, reversed Th to Ts
ratio-if the different staining characteristics of
these monoclonal antibodies is not borne in mind.
This study has shown that normal cell populations

in blood may be operationally defined. Essentially,
more than one class or lineage specific monoclonal
antibody is required to give the assurance of internal
control. Normal values do vary widely but are
sufficiently reproduceable to be of clinical use. We
have found that cell recoveries from density gradient
interface are generally lower than published values,
but this does not appear to have a significant
influence on the normal venous blood mononuclear
cell profile in the absence of clinically important dis-
ease.
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