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B-cell antigens within normal and activated human T cells

G. P. SANDILANDS, M. PERRY, M. WOOTTON, J. HAIR & I. A. R. MORE University Department of Pathology, Western
Infirmary, Glasgow, UK

SUMMARY

In this study we compared cell surface staining for human peripheral blood lymphocyte (PBL)
CD antigens by flow cytometry, with staining obtained following permeabilization of PBL using
the Cytoperm method (Serotec). Six CD antigens (CD20, CD21, CD22, CD32, CD35 and major
histocompatibility complex class II antigen) normally found on the surface of B cells, were also
found to be expressed within T cells. We also showed, by immunoelectron microscopy, that these
inappropriately expressed (‘occult’) CD antigens are located within cytoplasmic vesicles or within
the rough endoplasmic reticulum. Following in vitro activation of T cells a distinct increase in
expression of all of these cytoplasmic antigens was observed but staining at the cell surface was,
by comparison, weak. We therefore propose that up-regulation of various B-cell CD antigens
occurs within the cytoplasm of T cells following activation and that these antigens may be
synthesized and released into the fluid-phase as soluble immunoregulatory molecules.

INTRODUCTION

Some human peripheral blood lymphocyte (PBL) antigens
normally associated with the cell surface may also be found
within the cell cytoplasm. This may occur during the early
stages of cell development with the surface form gradually
replacing the cytoplasmic form. One example of this is the
B-cell antigen CD22 which is expressed in a cytoplasmic form
(cCD22) between pro- and pre-B-cell stages in the bone
marrow. Mature circulating B cells express this important
adhesion molecule (BL-CAM) only at the cell surface but
expression is lost following B-cell activation.!? Similarly, CD3
is found within the cytoplasm of pro-thymocytes (cCD3) but
mature T cells express only the membrane form.> In T-cell
acute lymphoblastic leukaemia (T-ALL) both cytoplasmic and
membrane forms of CD3 are found.®* Certain CD antigens
which function as receptor molecules, e.g. complement and
immunoglobulin Fc-receptors, may also be found in the cyto-
plasm following ligand-mediated internalization.*> Some of
these receptors may re-cycle between the cell surface and the
cytoplasm independently of ligand, with synthesis being
required to replace receptors which are constantly being lost
from the cell surface.® It is also well known that the o- and
B-chains of major histocompatibility complex (MHC) class 11
antigen are assembled within the B-cell cytoplasm and follow-
ing antigen (peptide) binding the entire MHC class II-peptide
complex is exported to the cell surface where presentation to
the appropriate class of helper T cell (Th) occurs.”
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In all of these examples the cytoplasmic and cell surface
molecules are associated with the same cell type. Curiously,
certain CD antigens were found to be inappropriately
expressed within the cytoplasm of completely distinct cell
types. For example, CD5, CD14 and CD21 (CR2/EBV-R)
which are normally associated with T cells, monocytes and B
cells, respectively, were found within large granular lympho-
cytes (LGL) and CD21 has also been identified within human
T cells.®® The functional significance of these cytoplasmic
‘occult’ antigens is not known.

In a recent study, weak staining for the B-cell antigen
CD32 (FcyRIT) was found within the vast majority of normal
resting PBL.'® The high percentage of cells (up to 90%)
expressing cCD32 suggests that at least some T cells must
contain this B-cell antigen within the cytoplasm. Following
cell activation, in a two-way 7-day mixed lymphocyte reaction
(MLR), expression of CD32 was found at the cell surface but
only on days 3—4. By day 7 of the MLR, cell surface expression
was lost.!! Cell-free supernatants obtained from day 7 MLR-
activated cells contained a soluble IgG binding factor (possibly
soluble CD32). Furthermore, mRNA for CD32 (FcyRIIbl
and b2 isoforms) was also demonstrated by in situ hybridiz-
ation within the cytoplasm of activated PBL, gradually increas-
ing in staining intensity throughout the MLR.!!

These observations are therefore consistent with the
hypothesis that up-regulation of these inappropriately
expressed CD antigens occurs following T-cell activation and
that these molecules may be actively synthesized and released
into the fluid-phase as soluble immunoregulatory molecules.!!

We have extended these studies by comparing cell surface
and cytoplasmic antigen expression in parallel using mono-
clonal antibodies directed against a wide variety of well-known
human CD antigens. Cells were permeabilized using a
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commercial kit (Cytoperm; Serotec, Oxford, UK ) and normal
unfractionated human PBL, purified T cells (Mini-MACS
system; Miltenyi-Biotec, Bisley, Surrey, UK) and in vitro-
activated T cells were compared using conventional flow-
cytometry and by a novel immunoelectron microscopy
(IEM) method.

MATERIALS AND METHODS

Isolation of peripheral blood mononuclear cells (PBMC)

The PBMC were isolated from heparinized blood obtained
from healthy individuals using the standard lymphoprep
(Nycomed, UK, Ltd. Birmingham, UK) method and resus-
pended in Iscove’s medium (Gibco BRL, Paisley, UK) sup-
plemented with 10% fetal calf serum (ISC+S) and adjusted
to a final concentration of 5 x 107 cells per ml.

Purification of human T cells using Mini-MACS

Freshly isolated PBMCs were resuspended in ISC+ S medium
at a final concentration of 107 in 80 ul medium together with
20 ul MACS CD3 Micro Beads (Miltenyi-Biotec, Ltd) and
incubated at 4° for 15 min. Cells were washed at 200 g for
Smin in ISC+S and resuspended in 500 ul medium prior to
addition to a Mini-MACS column which had been prewashed
in phosphate-buffered saline (PBS), pH 7-2. Following extens-
ive washing using ~4 ml of ISC+ S, the magnet was removed
and bound T cells were flushed out using the plunger supplied
with the column. For further purity these eluted cells were
passed over a second fresh column as described above. Cells
were adjusted to a final concentration of 5x 107 per ml in
ISC+S prior to phenotyping by flow-cytometry as described
below.

Permeabilization of human PBMC

Cells were fixed and permeabilized using a commercial kit
(Cytoperm) obtained from Serotec Ltd. PBMCs were resus-
pended in Reagent A (50 pl per million cells) and incubated
at room temperature for 15 min. Cells were washed once in
PBS prior to simultaneous addition of primary monoclonal
antibody and permeabilization Reagent B (10 pl per million
cells). Following incubation at 4° for 30 min, cells were washed
in PBS prior to resuspension in 200-ul membrane-filtered PBS
for acquisition on the flow-cytometer.

Flow cytometry

In general, PBMCs were adjusted to 5x 107 per ml in PBS
and 10-pl cell suspension was incubated with 10 pl of primary
antibody (pretitrated to determine the optimum concentration)
in Falcon 2052 flow-cytometry tubes.

The monoclonal antibodies used in this study were as
follows. Fluorescein isothiocyanate (FITC) -conjugated anti-
CD2 (MT910), anti-CD3 (UCHT1), anti-CD4 (MT310), anti-
CD5 (DK23), anti-CD20 (BLyl), anti-CD21 (1F8), anti-
CD22 (4KB128), anti-CD45 (T29/33) and anti-MHC Class
II (CR3/43); phyroerythrin (RPE)-conjugated anti-CD5
(DK23), anti-CD8 (DK25), anti-CD14 (TUC4), anti-CD16
(DJI30c), anti-CD19 (HD37), anti-CD25 (ACT 1) and anti-
CD56 (MOC 1); and unconjugated anti-CD79a (HM57 and
JCB117) were supplied by Dako Ltd (Denmark House,
Cambridge, UK). Serotec Ltd supplied FITC-conjugated anti-
CD32 (AT10) and anti-CD35 (E11) and Sigma Chemical Co,
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(Poole, Dorset, UK) supplied monomeric mouse 1gG (sub-
class IgG1 and IgG2a). In all experiments, background thresh-
old levels were set using these mouse immunoglobulins and
where indirect staining was used FITC-conjugated secondary
antibody alone was also used.

PBMCs were incubated with the primary antibody (or
monomeric mouse immunoglobulin of the appropriate sub-
class) for 30 min at 4°, washed with PBS and centrifuged at
200 ¢ for S5min. In a few experiments where monoclonal
antibodies were not available in a directly conjugated form, a
secondary, rabbit F(ab’), FITC-conjugated anti-mouse
immunoglobulin antibody (Dako Ltd) was added. Following
the incubation for 30 min at 4°, cells were washed at 200 g for
Smin in PBS and the supernatants were discarded. The final
pellet was resuspended in 200-ul membrane-filtered PBS. Five
microlitres of 5™ propidium iodide was added to each tube
immediately prior to acquisition on a Becton Dickinson
FACScan flow — cytometer. For cell surface values a propidium
iodide exclusion gate was pre-set (at 10!) to ensure that only
viable cells were acquired. In contrast, when cells were permea-
bilized using the cytoperm method all cells bound propidium
iodide, and for this reason an exclusion gate was not used.

In vitro activation of T cells

PBMCs were adjusted to 1x 10° per ml in Iscove’s medium
containing L-glutamine and were supplemented with 10% heat-
inactivated (56°) fetal calf serum. In addition, penicillin
(100 units/ml), streptomycin (100 pg/ml) and gentamycin
(100 units/ml) were added (Sigma Chemical Co). The final
culture medium was membrane filtered using a millipore
(0-2-pm) filter prior to use. The T-cell mitogen, phytohaemag-
glutinin (PHA; Sigma Chemical Co.) was added at a final
concentration of 2-5 ug per million cells and 200 pl aliquots
were dispensed into the wells of a 96-well round-bottomed
sterile tissue culture plate. Plates were sealed with a gas-
permeable self-adhesive plastic film (Greiner-Laborotechnik
Ltd, Stonehouse, Gloucs, UK) and incubated at 37° in 5%
CO, for 72 hr. The optimum concentration of PHA used in
this study was determined by pretitration and was calculated
to produce significant T-cell activation with minimum loss of
cell viability. Control cells cultured for 3 days in the absence
of mitogen were also included.

Detection of cytoplasmic antigens by immunoelectron
microscopy

A pellet of 2x 107 PBMC was fixed in Reagent A (50 pl per
10° cells) for 15min at room temperature, washed once in
PBS at 200 g for 5 min and resuspended in permeabilization
medium Reagent B (10 pl per 10° cells) together with the
appropriate mouse monoclonal antibody. Following incu-
bation at 4° for 2 hr, cells were washed twice in PBS and the
pellet was resuspended in 100 pl gold (10 nm) anti-mouse
immunoglobulin (British BioCell International Ltd, Cardiff,
UK) at 4° overnight. Cells were washed twice in PBS and
re-fixed for 24 hr in fresh 2% glutaraldehyde. Following a brief
rinse in Sorensen’s phosphate buffer, the pellet was allowed to
solidify in molten gelatine. The tissue was then embedded in
araldite, ultrasectioned and double-stained with uranyl acetate
and lead citrate. Sections were then viewed in a Philips CM10
transmission electron microscope.
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RESULTS

Comparison of cell surface and cytoplasmic staining by flow-
cytometry

Treatment of freshly isolated normal human PBMCs using
the cytoperm method (Serotec) produced no obvious change
in PBL cell morphology as assessed by dot—plot analysis of
forward versus side light scatter. PBL were gated as region 1
(R1) for the purposes of analysis. Successful permeabilization
was confirmed by the uptake of propidium iodide. In order to
provide control cell surface values, a propidium iodide gate
was set to ensure that only viable PBL were acquired.

In the control group, no significant binding of monomeric
mouse IgGl was observed by indirect immunofluorescence,
either before or after permeabilization. Similarly, the activation
marker CD25 (IL2-R) and the monocyte antigen CD14 also
provided useful negative controls. The common leucocyte
antigen CD45, which is expressed at high levels on all human
PBL, was found to be unchanged by the permeabilization
protocol (Fig.1). Similarly, monoclonal anti-intermediate
filament antibody (anti-vimentin) did not bind to control PBL
but bound to 100% of cells following permeabilization.'®

With antibodies specific for T-cell and large granular
lymphocyte (LGL) antigens, as shown in Fig. 1, most were
not affected by the permeabilization protocol, i.e. there was
no difference between control and permeabilized cell prep-
arations. It was however, noted that expression of CD2 and
CD56 (NKH-1) appeared to be adversely affected by the
permeabilization protocol. The only T-cell/LGL antigen which
showed an increase in staining was CD3. This increase was
significant (60-4+5-6% increasing to 77-2+3-4%; P=0-042
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paired z-test) and also showed an increase in mean fluorescence
intensity (65-2+6-7 increasing to 119+15-5; P=0-012).

Cell surface expression of eight B-cell-specific CD antigens
was found to vary between 5 and 10% of PBL. Following
permeabilization, weak staining was observed within a high
proportion of PBL with some values reaching 100% (Fig. 1).
This was observed with six out of eight B-cell CD antigens
tested. The two B-cell antigens which did not appear to be
affected by the permeabilization protocol were CD19 and
CD79a (Fig. 1). In general, the mean fluorescence intensity
(m.f.i.) of ‘cytoplasmic’ staining for these B-cell antigens was
equivalent to, or weaker than, cell surface staining. The only
exception to this was MHC class I antigen, where the m.f.i
almost doubled following permeabilization (see Table 1).

Demonstration of cytoplasmic CD antigens using ‘pure’ T cells

On average, cells eluted from Mini-MACS columns were
found to be enriched for T cells (CD3, 94+2-7%; CDI16,
0-5+0-2%; CDI19, 2:1+0-6%) although in some experiments
99% T-cell purity was achieved.

As shown in Table 2, flow-cytometry studies of cell surface
versus cytoplasmic staining using ‘pure’ T cells were essentially
similar to those observed with control unfractionated PBL. It
was also evident that T cells showed considerable donor
variation, with the most consistent ‘cytoplasmic’ antigen being
CD22 (Fig. 2).

Some typical examples of normal PBL (and T-enriched
PBL) staining for B-cell antigens before and after permeabiliz-
ation are shown as histograms in Fig. 3(a,b). The weak
staining for CD22 observed following permeabilization was

Permeabilized

Figure 1. Comparison of cell surface and cytoplasmic staining by flow-cytometry.The percentage of normal human PBL binding
T-cell-, LGL- and B-cell-specific monoclonal antibodies to viable (Control) and to permeabilized PBL is shown as a vertical bar
chart indicating the mean+standard error of the mean (SEM) for five normal donors. Negative controls included anti-CD25

(IL-2R), anti-CD14 (monocyte) and anti-CD45.
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Table 1. Comparison of B-cell CD antigens before and after permeabil-
ization using unfractionated human PBL
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Table 2. Comparison of B-cell CD antigens before and after permeabil-
ization using ‘pure’ T cells

% m.fi. % m.fi.
Controls Controls
CD3 C 60-4+56 65:5+70 CD3C 94+2-7 38:6+66
CD3 P 772434 119415 CD3 P 94-4+2:2 94+20-2
CDl16 C 10-2+1-8 64-2+32 CDl16 C 0-5+0-2 41-44139
CDl16 P 124431 104445 CDl6 P 0-54+0-2 63+38:6
B-cell antigens B-cell antigens

CD19 C 4-8+09 57463 CD19 C 2:14+0:6 502433
CD19 P 3-8+1 32+6-8 CD19 P 1-2+0:4 14-8+4-3
CD20 C 6+12 63-6+14-6 CD20 C 44+14 51-4+159
CD20 P 85-8+9-1 17-2+12 CD20 P 82:2+10-6 184434
CD21 C 6:3+0-8 12:6 +1-7 CD21 C 9-8+2-9 1244
CD21 P 3424111 9-4+19 CD21 P 544165 7-6+04
CDh22 C 47+0-8 20+1-4 CD22 C 44413 21:6+3-5
CD22 P 96+3-5 21-44+14 CD22 P 91-2+47 18+2-2
CDh32C 9-3+1-1 276423 CD32C 7-8+2 354+12:1
CD32 P 20-24+9:6 152432 CD32P 37-8+16:1 7-8+1
CD35C 8:54+09 10-5+2 CD35C 74423 13-6+2-8
CD35P 249498 16244 CD35P 41-8+18-2 11+11
Class II C 8-8+14 30-8+54 Class II C 48417 516 +51
Class I P 44-6+114 56:6+18-5 Class II P 55-8+7°1 24-8+69
C=control PBL (surface staining), P=permeabilized PBL C=control PBL (surface staining), P=permeabilized PBL

(surface +cytoplasmic staining); + SEM for five experiments.

essentially similar with unfractionated PBL or with ‘pure’
T cells. This effect was also apparent with CD20, CD21, CD32
and CD35 but the small population (9%) of strong (m.f.i.=
243) staining for MHC class II, which was evident following
permeabilization of unfractionated PBL, was not observed
with ‘pure’ T cells (Fig. 3b). Dual-staining with RPE-conju-
gated anti-CDI19 confirmed that this small population of
strong MHC class II-expressing PBL was in fact B cells (data
not shown). This is in marked contrast to the relatively weak

(surface +cytoplasmic staining); + SEM for five experiments.

cell surface staining of B cells for MHC class II antigen (5%,
m.f.i.=26).

Demonstration of cytoplasmic CD antigens within activated
human T cells

Normal human PBMCs were incubated with a low concen-
tration (2-5 pg per million cells) of the T-cell mitogen (PHA)
for 72 hr. Large blast cells were gated as region 2 (R2) while

Permeabilized T cells:donor variation
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Figure 2. Binding of B-cell-specific monoclonal antibodies to permeabilized normal human peripheral blood T cells (Mini-MACS).
Individual results obtained from five normal donors are shown with the mean indicated by the horizontal bar.
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Figure 3. Comparison of cell surface and cytoplasmic staining by flow-
cytometry.The effects of permeabilization on expression of selected
CD antigens are shown as histogram overlays. Control ‘viable’ cells
provide baseline values for cell surface staining. Permeabilized cells
(cytoperm method) provide values for cell surface plus cytoplasmic
staining. Results for unfractionated PBL and ‘pure’ T cells obtained
from the same donor are shown. (a) CD22 (BL-CAM): cell surface
staining for CD22 was confined to B cells. Following permeabilization,
virtually all unfractionated PBL and purified T cells expressed CD22.
(b) MHC class II: cell surface staining for MHC class II was observed
on all B cells and on a small proportion of T cells. Following
permeabilization a high proportion of unfractionated PBL and T cells
and showed weak staining for MHC class II with a second strong
peak of staining (9%, m.f.i. =243) observed with unfractionated PBL
but not with T cells.

normal sized PBL in these preparations were gated as region
1 (R1) (see Fig. 4). Control cells incubated for 3 days without
mitogen showed no increase in cells in R2. Normal sized PBL
in R1 also showed no change in cell surface phenotype
throughout the time—course of this experiment.

Following permeabilization of PHA-activated T cells, dual-
staining was conducted using the activation marker anti-CD25
(IL-2R)-RPE together with the appropriate FITC-conjugated
anti-B-cell CD antigen.

In all of these experiments it was evident that the large
blast cells in R2 expressed higher levels of the cytoplasmic
B-cell antigens than did the normal-sized PBL gated in R1.

This was found with CD20, CD21, CD22, CD32, CD35 and
MHC class II but not with CD19 or CD794.

Double-labelling between CD25 and CD32 and CD25 and
MHC class II are shown as contour plots for R1 and R2 in
Fig. 4(a). Essentially similar results were obtained for CD20,
CD21, CD22 and CD35. From contour—plot analysis it was
evident that a sub-population of CD25* blast cells showed
much stronger expression of B-cell CD antigens. It was also
noted that low levels of CD25 (IL-2R) were present on the
surface and within the normal sized PBL (R1) in these
preparations (see Fig. 4a), suggesting that many of the cells in
this region are in the early stages of activation prior to
transformation into large blast cells and cell division. When
blast cells were sub-divided arbitrarily into small (region 3 —
representing 75% of cells) and large (region 4) cells (Fig. 4b)
it was found that much stronger cytoplasmic staining for B-cell
CD antigens was observed within the large blast cells gated in
R4. The results for MHC class II antigen are shown in
Fig. 4(b) but similar results were found for CD20, CD2I,
CD22, CD32 and CD35 although the m.f.i. for these antigens
was somewhat weaker.

In some experiments, cell surface staining and cytoplasmic
staining were compared in parallel. In general, staining for
B-cell CD antigens was relatively weak at the surface of
activated T-cell blasts: CD20 (26%, m.f.i.=70), CD21 (20%,
m.f.i.=9), CD22 (14%, m.f.i.=27), CD32 (38%, m.f.i.=10),
CD35 (26%, m.f.i.=6), MHC class II (36%, m.f.i.=77). Much
stronger staining was observed following permeabilization, i.e.
‘cytoplasmic’ staining: CD20 (94%, m.f.i.=46), CD21 (92%,
m.f.i.=10), CD22 (99%, m.f.i.=42), CD32 (87%, m.f.i. = 16),
CD35 (88%, m.f.i.=8), MHC class II (75%, m.f.i.=357).

Some examples of this comparison are shown as histo-
grams. Figure 5(a) shows MHC class II antigen being
expressed mainly within the cytoplasm of activated T cells
while Fig. 5(b) shows that CD25 (IL-2R) is expressed on the
cell surface (control=80%, m.f.i.=77) and probably also
within the cytoplasm (permeabilized =95%, m.f.i.=251) of
T-cell blasts.

Demonstration of cell surface and cytoplasmic antigens by
immunoelectron microscopy

As shown in Fig. 6, it was possible to detect cytoplasmic
antigens, e.g. intermediate filaments, within normal human
PBL using pre-embedding immunoelectron microscopy as
described in the Materials and Methods. Pre-fixed and permea-
bilized PBL were incubated with mouse monoclonal anti-
vimentin, which in turn was visualized by 10-nm gold particles
conjugated with anti-mouse immunoglobulin. Binding of gold
particles was found only within the cytoplasm of the cells,
with none being detected at the cell surface. The nucleus of
the cell did not stain nor was any staining observed on or
within any platelets found as contaminants in these prep-
arations. Similarly, no background binding of gold particles
was observed in control preparations where monomeric mouse
immunoglobulin G1 (IgG1) was used in place of the primary
mouse monoclonal antibody. A small proportion of PBL
(presumably B cells) were found to show good cell surface
labelling for B-cell CD antigens with cytoplasmic staining
within these cells largely confined to the rough endoplasmic
reticulum (RER) (Fig. 7). As expected, most PBL (non-B
cells) did not show any cell surface labelling for B-cell CD
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permeabilized activated T cells. (a) PHA-activated T cells (day

3) were gated as region 2 (R2) using dot-plots of forward versus side light scatter and distinguished from normal sized PBL gated
as region 1 (R1). Permeabilized cells showed uniform uptake of propidium iodide. Two examples of double labelling are shown as
contour plots: CD25 versus CD32 (FcyRII) and CD25 versus MHC class II antigen. Normal-sized PBL in R1 showed some weak
staining for CD32 and MHC class II with a small proportion showing double staining with CD25 whereas cells in R2 showed
very strong staining for CD25 with co-expression of CD32 and MHC class II. This pattern of double labelling was also found for
CD20, CD21, CD22 and CD35 (data not shown). It was also evident from these contour plots that a sub-population of R2 cells

expressed extremely high levels of MHC class II antigen (and to

a lesser extent CD20, CD21, CD22, CD32 and CD35). (b)

Activated T cells (R2) were arbitrarily subdivided on the basis of size into small (R3) and large (R4) cells and analysed separately.
‘Cytoplasmic’ MHC class II expression was found to be much stronger in R4. Similar results (not shown) were obtained with the

other B cell antigens (CD20, CD21, CD22, CD32 and CD35).

antigens (Fig. 8) but cytoplasmic staining was observed.
Typically, these cells showed gold particles either lying free
within the cytosol or associated with vesicles (Fig. 8).

DISCUSSION

Many studies have now shown that cytoplasmic antigens can
be readily detected by flow-cytometry following cell permeabil-
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ization with no obvious adverse effect on cell surface anti-
genicity.!>1® Using a commercial permeabilization kit
(Cytoperm, Serotec) we found that in general there was no
increase in expression of the majority of human PBL CD
antigens, particularly with monoclonal antibodies specific for
T cells or LGLs. The only exception to this was CD3, which
showed a small but statistically significant increase in percent-
age and in m.fi. following permeabilization. Using ‘pure’
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Figure 5. Comparison of cell surface versus cytoplasmic staining with
activated T cells. Cell surface staining of viable PHA-activated human
peripheral blood T cells (R2 cells) was compared with ‘cytoplasmic’
staining observed following permeabilization of cells. Results are
shown as the percentage of positive cells with the mean fluorescence
intensity shown in brackets. For comparison, gates were set at the
positions indicated by the horizontal arrows. (a) Weak staining for
MHC class II antigen was found at the cell surface with much stronger
‘cytoplasmic’ staining evident following permeabilization. (b)
Moderate staining for CD25 (IL-2R) was observed at the cell
surface with stronger ‘cytoplasmic’ staining evident following
permeabilization.

T cells, a significant increase (P =0-02 by paired z-test) in m.f.i.
for CD3 was noted (see Table 2): an observation consistent
with low-level cytoplasmic expression within normal resting
T cells. Although cCD3 has previously been found within
human thymocytes and malignant T cells® it has, as far as we
are aware, never been described within resting peripheral blood
T cells. The possibility that CD3 may be present within some
non-T cells requires further study using pure B-cell and LGL
populations.

In marked contrast to the T and LGL antigens we found
that following permeabilization there was a striking increase

1%
kit

Figure 6. Immunoelectron microscopy using permeabilized normal
human peripheral blood lymphocytes. Binding of primary mouse
monoclonal antibody (anti-intermediate filament vimentin) was vis-
ualized by 10-nm gold particles conjugated with anti-mouse immuno-
globulin. (a) Low-power of normal lymphocyte (x20300) showing
whole cell. (b) High-power (x44000) detail showing beads scattered
throughout the cytoplasm with no binding to the cell nucleus or at
the cell surface evident.

in the percentage of PBL expressing certain B-cell antigens
[i.e. CD20, CD21(CR2/EBV-R), CD22 (BL-CAM), CD32
(FcyRIT), CD35 (CR1) and MHC class II antigen]. This
staining was however, weak in comparison with cell surface
staining. These antigens were also observed within peripheral
blood T cells purified using the Mini-MACS method. This
inappropriate or ‘occult’ expression within T cells was not
characteristic of all B-cell CD antigens since cytoplasmic
staining for CD19 or CD79a was not found.

B cells were also found to express high levels of cytoplasmic
MHC class II antigen whereas resting T cells showed relatively
weak and variable cytoplasmic staining. This observation is
therefore consistent with the well-documented antigen-
presenting properties of B cells.” Donor variation was also
evident with the other ‘occult’ CD antigens, although all five
normal donors showed very consistent staining for cCD22.

The function of these CD antigens on the B-cell surface is
well known but the function of these ‘occult’ antigens within
T cells is not. It is probably not valid to simply extrapolate
these functions to T cells and would in any event depend on
their expression at the cell surface at some point during the
T-cell cycle: possibly following activation. For this reason we
looked for cell surface and cytoplasmic expression of the six
‘occult’ cytoplasmic B-cell antigens within PHA-activated
human T cells. Strong cytoplasmic staining for all of the six
B-cell antigens described above was observed within large
T-cell blasts. In contrast, cell surface staining was relatively
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Figure 7. Immunoelectron microscopy of permeabilized normal human peripheral blood lymphocytes. Binding of primary mouse
monoclonal antibody (mouse monoclonal anti-CD32 — clone AT10) was visualized by 10-nm gold particles conjugated with anti-
mouse immunoglobulin. (a) Low-power of normal lymphocyte (x 16 750) showing whole cell. (b) High-power (x 37 155) showing
beads at the cell surface. (c) High-power (x 70 815) showing beads associated with dilated cisternae of rough endoplasmic reticulum.

Figure 8. Immunoelectron microscopy of permeabilized normal human peripheral blood lymphocytes. Binding of primary mouse
monoclonal antibody (anti-CD22 BL-CAM: clone 4KB128) was visualized by 10-nm gold particles conjugated with anti-mouse
immunoglobulin. (a) Low-power of normal lymphocyte (x 12 625) showing whole cell. (b) High-power (x 55230) showing beads

associated with vesicles.

weak. It was also evident that ~40% of activated T cells,
subsequently shown to be the larger blast cells, expressed
exceptionally high levels of B-cell cytoplasmic antigen (see
Fig. 4b).

Many of these antigens, which are widely regarded as

© 1999 Blackwell Science Ltd, Immunology, 96, 424-433

B-cell specific, have recently been found to be expressed on
the surface of a small sub-set of normal peripheral blood
T cells, on cortical thymocytes and on certain T-cell lines.'”*
Furthermore, expression of these surface antigens may increase
following T-cell activation in vitro and in vivo.?673!



432 G. P. Sandilands et al.

Activated T cells have also been shown to actively synthe-
size¢ MHC class II antigen,3*3® and soluble MHC class II
antigen can be detected in cell supernatants and in human
plasma.3*3 Similarly, soluble forms of CD21,*¢ CD32%7 and
CD35%:3 have been found in human plasma with elevated
levels reported in a variety of pathological conditions including
autoimmune disease, viral infections, graft versus host disease,
cancer and in acute allograft rejection.*=*3 Recent studies
have also shown that although resting human T cells do not
express appreciable amounts of MHC class I antigen or CD21
at the cell surface they do express levels of mRNA for these
antigens within the cytoplasm which are comparable to B-cell
levels.*4~4¢ Following T-cell activation, increased mRNA levels
can be detected within 15 min, with increased surface
expression evident within 30 min.** It therefore seems likely
that T cells express low levels of preformed antigen within the
cell cytoplasm required for rapid cell surface expression and/or
synthesis. Since this rapid response occurs well before DNA
synthesis it has been suggested that the genes for these antigens
may be regulated post-transcriptionally within human T cells*
with surface expression being controlled by cytokines such as
tumour necrosis factor-o.4’

In this study we have shown by immunoelectron
microscopy that cells which express cell surface antigens
(presumably B cells) also express these antigens within the
RER (see Fig.7) and cells which do not express surface
antigen show cytoplasmic antigen localized mainly within
vesicles (see Fig. 8). These observations therefore lend further
support to the hypothesis that these CD antigens are actively
synthesized by both B cells and by activated T lymphocytes.

The function of soluble CD antigens is not yet known but
it seems likely that they play an important role in immu-
noregulation.

For example, soluble FcyRII and complement receptors
may bind to immune complexes, thus interfering with the
signal pathways that normally occur when they bind to B
cells. Similarly, soluble BL-CAM and MHC class II would
block the normal interaction between antigen-presenting cells
and Th cells, thus providing a negative feedback loop within
this particular arm of the immune response. Soluble class
II-peptide complexes have been shown to bind to the appro-
priate specific T-cell receptor for antigen but in the absence of
the normal co-stimulatory cell activation signals provided by
the antigen-presenting cells the T cells undergo apoptosis and
die.*® This mechanism is thought to operate within the thymus
where autoreactive clones of T cells are eliminated by negative
selection. Similarly, soluble class II-peptide complexes may
also play a role in peripheral tolerance by eliminating autoreac-
tive clones of T cells, i.e. induction of ‘clonal anergy’.*®

In conclusion, we therefore propose that activated T cells
have the capacity to synthesize a variety of CD antigens
normally associated with the B-cell surface. These soluble
antigens may play an important role in the regulation of
ligand-receptor binding. In particular, the surprisingly high
levels of class II found within the cytoplasm of activated
T cells may reflect biosynthesis of soluble class II molecules
with the capacity to present self-peptides.*® These MHC class
II-self-peptide complexes may play an important role in the
elimination of autoreactive clones in man and failure to
produce these regulatory molecules may result in auto-
immune disease.
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