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Detection of surface immunoglobulins of human
lymphoid cells: a comparative study of live and fixed
cells using a direct immunoperoxidase procedure
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SUMMARY Surface immunoglobulins (Ig) of normal and malignant lymphoid cells were detected on

prefixed, smeared (method A) and live (method B) cell suspensions; the results were compared with
regard to staining patterns, specificity and sensitivity. In both methods surface Ig were detected by
a direct immunoperoxidase procedure using conjugated purified antibody. Although method A
has practical advantages, method B is more sensitive. The reasons for this discrepancy are discussed
in relation to surface Ig denaturation and redistribution.

The demonstration of surface immunoglobulin (Ig)
is essential in identifying B lymphocytes and classify-
ing lymphoid malignancies. For that purpose surface
immunofluorescence (IF) of live cells has been
widely used.'
On the other hand immunoperoxidase procedures

(IPX) have been developed and proposed as an

alternative to IF because ofthe following advantages:
(i) storage of labelled material; (ii) feasibility with
standard equipment of optical microscopy; (iii)
simultaneous morphological identification based on
routine counterstaining. Thus, IPX procedures have
spread dramatically in haematopathology lab-
oratories, major applications including the demon-
stration of cytoplasmic antigens in fixed, embedded
tissue sections2 such as immunoglobulins of lymph-
oma cells.3 In contrast surface Ig have been less
frequently studied by IPX either on prefixed4-7 or
live cell suspensions,89 although a comparative
study8 found IPX and IF to be comparable in
demonstrating surface Ig of live cells.

Finally it appears from published reports that in
most cases IF is employed for staining live cells and
IPX for fixed cells.

In a recent study using the IPX staining of fixed
cells,6 the finding of a surprisingly low proportion of
surface Ig-positive cases among CLL samples
prompted us to compare the results obtained by
staining live and prefixed cells of identical samples.
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Material and methods

SAMPLES (TABLE 1)
Daudi cells (human B cell line established from
Burkitt's lymphoma) were maintained in RPMI 1640
with 10% fetal calf serum. Buffy coat mono-
nuclear cell suspensions were obtained from three
normal individuals and from patients with chronic

Table 1 Samples selected for staining of surface
immunoglobulins

Samples Conjugate % Stained cells
(0-2 mg/ml)

Method A Method B

1 CLL ,u 61 85
2 ,, 52 88
3 to ,u 43 73
4 ,i 38 89
5 " 5 5 80*
6 ,, L 0 60*
7 ,, 0 90*
8 ,, ,u 0 36
9 ,, 0 66
10 ,, ILt 20 40
11HCL y 30 82
12 ,, y 80 94
13 ,, y 76 72
14 ,, y 78 82
15 Lymphoma IL 78 82
1 6 IL,, 52 88
17 Normal blood ,u 8 12
18 IL, 55 14
9 1 L, 4-5 12

20 Daudi cells ,u 100 100

*Very faint staining.
too05 mg/ml.
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lymphocytic leukaemia (CLL) (10 cases), nodular
lymphoma with blood dissemination (2 cases) and
hairy cell leukaemia (HCL) (4 cases). These patient
samples were surface Ig-positive, with a polyclonal
phenotype in HCL, and a monoclonal one in CLL
and lymphoma cases as shown by the monotypic
light chain-staining of smeared cells.7 Cells were
washed three times and incubated for 30 min at
37°C in Hank's solution to remove cytophilic Ig.

ANTI-IMMUNOGLOBULIN ANTIBODIES

Monospecific anti-IgM and anti-IgG antibodies were
affinity-purified from rabbit hyperimmune sera as
already described by solid immunoabsorption.10
They were checked by immunodiffusion and by
staining samples with a known monoclonal pheno-
type.7 Normal non-immune rabbit IgG (Sigma
Chemical Co, St Louis, Missouri) were used in
controls.

CONJUGATES
Rabbit anti-,u, anti-y and normal IgG were con-
jugated to horseradish peroxidase (RZ3 Sigma
Laboratory) using a two-step procedure.1'

IMMUNOSTAINING PROCEDURES

Method A Surface Ig were stained on fixed
leucocyte smears, according to a modification of
a technique previously described by Mason et al.4
Briefly, mononuclear cells were resuspended in
Hank's solution in the presence of bovine serum
albumin (BSA) (2.5 %), smeared on glass slides and
air-dried; alternatively smears could be stored at
- 80°C until required and then thawed for Omin
at room temperature before fixation. Smeared cells
were fixed by a mixture of formol-acetone for thirty
seconds at room temperature, washed in phosphate-
buffered saline pH 7 4, then incubated for 30 min in
methanol-H202 (0-3%Y) to block any endogenous
peroxidase activity; they were then rinsed and air-
dried. Afterwards, slides were overlayered by con-
jugate (100 ,l) for 30 min at room temperature, then
rinsed in saline. The cytochemical detection of
conjugated peroxidase was performed by laying the
following medium on smears for 5 min in the dark:
diaminobenzidine 10 mg in TRIS-HCI buffer,
0-05M, 10 ml, 0-1 ml 1 % H202, pH 76.12

Method B The detection of surface Ig was per-
formed on live cell suspensions, according to
Knowles et al.8 Mononuclear cells (5 x 106) sus-

pended in Hank's solution were incubated with
conjugate for 30 min at room temperature. Cells
were centrifuged, washed three times in Hank's,
resuspended in Hank's BSA (25 %), smeared and
air-dried. Subsequent steps of fixation, inhibition of

Laurent, Gourdin, Reyes

endogenous peroxidases and cytochemical detection
were as in method A.

Method C The detection of surface Ig of live cells
was performed with a parallel inhibition of antibody-
induced surface Ig redistribution. For this purpose
cells were incubated with conjugate in the presence
of sodium azide (1 %o) at 4°C for 30 min,13 and further
processed as in method B.

CONJUGATE DILUTIONS
Anti-immunoglobulin conjugates were tested over
a range of dilutions; working optimal dilution was
0-2 mg/ml (1/5) corresponding to adilution "plateau"
over which a constant percentage of stained cells
was found. In some experiments both methods
(A and B) were assessed over a range of successive
dilutions (Tables 2-6).

MICROSCOPIC EXAMINATION
Slides were counterstained by haematoxylin, cover-
slipped in DPX and examined by conventional light
microscopy. At least 400 cells were counted in each
experiment.

C ONTROLS
Controls were provided by conjugated normal rabbit
IgG used at 0-2 mg/ml.

Table 2 Amount and pattern of staining in Daudi cells
(sample 20)

Conjugate Y. Stained cells
concentration
(anti-%) Method A* Method B* Method C*

1/5 100 (diffuse) 100 (diffuse) 100 (diffuse)
1/20 100 (diffuse) 95 (diffuse) 100 (diffuse)
1/100 100 (diffuse) 100 (diffuse) 92 (diffuse)
1/200 30 (ring) 100 (caps) 27 (ring)
1/1000 0 50 (caps) 0
1/2000 0 0 0
1/10 000 0 0 0
Control
Normal IgG 0 04

1/5

*Predominant staining pattern (see text).

Table 3 Amount andpattern ofstaining in CLL cells
(sample 10)

Conjugate % Stained cells
concentration
(anti-js) Method A Method B Method C

1/5 NT NT NT
1/20 20 (ring) 40 (cap) 26 (ring)
1/100 0 14 (cap) L 6 (ring-cap)
1/200 0 3 (cap) 2 (cap)
1/1000 0 0 0
Control
1/5 0 05

NT = not tested.
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Table 4 Amount and pattern of staining in HCL cells
(sample 11)

Conjugate % Stained cells
concentration
(anti-y) Method A Method B Method C

1/5 30 (ring) 82 (cap) 40 (ring-cap)
1/20 6 (ring) 61 (cap) 10 (ring-cap)
1/100 0 3 (cap) 2 (cap)
1/1000 0 0 0
Control
1/5 0 9

Table 5 Amount and pattern ofstaining in HCL cells
(sample 12)

Conjugate % Stained cells
concentration
(anti-y) Method A Method B

1/5 80 (ring) 94 (cap-patches)
1/10 45 (ring) 84 (cap-patches)
1/20 30 (ring) 78 (cap)
1/100 5 (ring) 72 (cap)
Control
1/5 0 6

Table 6 Amount andpattern of staining in CLL cells
(sample 1)

Conjugate % Stained cells
concentration
(anti-is) Method A Method B

1/5 61 (ring) 85 (cap-patches)
1/20 10 (ring) 20 (cap-patches)
1/100 0 9 (cap)
1/1000 0 0
Control
1/5 0 1

Results

STAINING PATTERNS
Method A Two morphological patterns of surface
Ig staining were observed. The first consisted of a

distinctive membrane-labelling: the cell periphery
was clearly delineated by a dark brown margin
contrasting with a pale cytoplasm. Such a ring
pattern of staining was either strong (HCL,
lymphoma, normal blood samples) or faint (CLL).
The second pattern was represented by a diffuse
staining with an abolition of the nuclear counter-
staining as in Daudi cells and in some HCL cells. It
is to be noted that four CLL samples out of 10 gave
negative results.

Method B Cells displayed a distinctive staining
corresponding to the antibody-induced redistribution
of surface Ig: cells were typically stained by "caps"
or had intermediate patterns with numerous patches
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concentrating towards one pole of the cell. Typical
"caps" were more frequently observed in Daudi and
HCL cells than in CLL.

Method C Prevention of surface Ig redistribution
in the presence of cold azide was performed in three
samples: Daudi, CLL and HCL (Table 2-4). The
great majority of positive cells indeed displayed
a ring linear pattern of surface staining. However in
each sample, the inhibition of surface Ig redis-
tribution was incomplete and typical capped cells or
intermediate forms were also seen.

SENSITIVITY
In every sample the percentage of surface Ig-positive
cells was lower with method A than with method B
(Table I). This striking difference was also found over
the range of dilutions tested in several samples
(see Tables 2-5). Furthermore results obtained with
method C in three samples were found similar to
those obtained with method A (Tables 2-4).

SPECIFICITY
Specificity was assessed by staining with conjugated
normal IgG. In method A, no cell was stained
whatever the sample under study. In methods B and
C, less than 1 % of Daudi and CLL cells were
stained. However, the percentage of stained cells
was slightly higher (6, 9 %) in HCL samples, a result
in accordance with the presence of Fc receptors on
these cells.14

Discussion

During the last 10 years, IF staining of live cell
suspensions has been employed as a routine method
for the demonstration of surface Ig of human
B cells.' Immunoperoxidase staining has been less
frequently used for that purpose, although it appeared
to have a similar sensitivity when performed on live
cells.8 Actually IPX methods of staining have been
extensively used in the study of fixed tissue sections
and subsequently this approach has been extended
to the study of fixed smears of cell suspensions in
clinical haematology. In this context too, IPX was
felt to offer similar advantages-that is, visualisation
of cell morphology, permanence of staining,
applicability to stored smears. It should be added to
this that prefixation of cells may prevent Fc-
mediated binding of conjugates15 therefore requiring
not the use of F(ab)2 antibody. Variants of IPX
procedures have included the three-layer peroxidase-
antiperoxidase method,56 the two-step'16 and the
one-step method.7
We were therefore interested in comparing on

identical samples the results of surface Ig IPX-
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staining performed on live (as in routine IF) and
prefixed smeared cell suspensions.

This study confirmed the greater sensitivity of the
immunostaining of live cells since: (i) the pro-
portion of positive cells was lower in all CLL
samples but one and normal individuals when
stained by optimal conjugate concentration in
method A; (ii) this was confirmed when tested over
a range of dilutions. In addition, we confirmed that
the staining pattern of prefixed cells did not always
allow a clear distinction between surface and cyto-
plasmic staining in cells with large amounts of
surface Ig such as Daudi cells ;7 in such cases
exposure of live cells to the conjugate before smear-
ing caused the diffuse staining to be replaced by
localised clumps thus identifying surface 1g.6
The IPX technique may lack sensitivity in demon-

strating surface Ig when performed on smeared
prefixed cells because of fixation-induced alteration
of cells. It is known that aldehyde fixatives may
partically destroy surface Ig in immunostaining of
tissue sections17 18 and B cells with low amounts of
surface of Ig, such as CLL cells,19 may express faint
or no surface staining.6 In keeping with this it has
already been reported that surface IF of smeared
cells is usually negative but can be positive in cells
with large amounts of membrane Ig.5 However, it is
known that the "patchy" pattern of surface Ig
staining as shown by routine IF (live cells) results
from a redistribution process induced by anti-Ig
divalent antibody.20 This process is seen by immuno-
electron microscopy as a concentration of surface
(Ig-anti-Ig) complexes at limited segments of the cell
surface with invagination of the latter leading to the
internalisation of the stained membrane.21 This
continuing process leads gradually to a polar con-
centration of staining (capping). It may be that the
patterns observed on live cells (patches, caps, and
intermediate forms) are a result of a progressive
concentration of Ig in some areas. CLL cells with
a low amount of surface Ig (undetected by immuno-
staining of prefixed smears) would then become
positively stained. The results that we obtained by
method C are in agreement with this view: sodium
azide and low temperature are able partially to
inhibit the process of membrane movements; in
these experimental conditions we observed an
increased number of "ring" pattern, staining re-
sembling that found in smeared prefixed cells.
Moreover the proportions of surface Ig positive
cells was lower than in method B (in which there was
no inhibition of the redistribution process) and
tended to be similar to that observed in method A
(prefixed cells)when tested over the range ofconjugate
dilutions.

In conclusion prefixation of cells is likely to lower

the sensitivity of any method of surface Ig staining
as a result of antigenic alteration and abolition of
cell membrane movements. Although the IPX
technique applied to prefixed smeared cells offers
a number of advantages-applicability to stored
samples, visualisation of cell morphology, simul-
taneous study of cytoplasmic antigens, loss of
surface Fc receptors-it should not be recommended
as the sole routine method for screening cells from
immunoproliferations that may have variable
amounts of surface Ig.

We acknowledge the secretarial assistance of
M Segear. This study was supported by a grant
(900 651 011) from Universitd Paris Val de Maine.
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