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SUMMARY

B220 is the full-length splicing isoform of a tyrosine phosphatase CD45 and is predominantly

expressed as a transmembrane protein on B cells. Other splicing isoforms of CD45 are yielded by

alternative splicing of exons 4, 5 and 6. Recently, the expression of B220 on peripheral T cells during

activation-induced cell death has been reported. To investigate whether B220 is implicated in

apoptosis of immature T cells, we analysed (by ¯ow cytometry using the anti-B220 monoclonal

antibody, RA3-6B2) the expression of B220 on mouse thymocytes undergoing X-irradiation- and

dexamethasone (DEX)-induced apoptosis. The expression of B220 on thymocytes positive for Thy-

1 was induced by X-irradiation or DEX treatment and increased with length of incubation. The

expression of B220 was pronounced on the apoptotic hypodiploid cells in the fraction showing

lower forward scattering values. Reverse transcription±polymerase chain reaction detected mRNA

containing exons 4, 5 and 6 of CD45 in normal thymocytes as well as those exposed to X-rays or

DEX. Surprisingly, cytoplasmic B220 antigens were detected in a considerable fraction of normal

thymocytes. Moreover, the expression level of the 220 000-MW protein in normal thymocytes was

similar to that in the thymocytes undergoing apoptosis. During apoptosis, the expression level of

B220 antigen was reduced in the cytoplasm but, conversely, up-regulated on the surface of

thymocytes. These results suggest that B220 is constitutively expressed as a cytoplasmic form within

thymocytes and possibly translocated to the cell membrane during apoptosis.

INTRODUCTION

CD45 is a major cell-membrane glycoprotein expressed on all

types of haematopoietic cells except platelets and mature

erythrocytes.1 CD45 molecules occupy < 10% of the surface of

T and B cells and play important roles in the regulation of

proliferation and differentiation of these cells.2±4 These

functions stem from the protein tyrosine phosphatase activity

in the cytoplasmic domain of the molecule.5,6 Alternative

splicing of exons 4, 5 and 6 (also referred to as exons A, B and

C, respectively) yields major isoforms of CD45 with different

molecular weights (MW) between 180 000 and 220 000.7 In

addition, the presence of splicing variants lacking exons 7, 8

and 10 has recently been reported.8 The predominant CD45

isoform on thymocytes is CD45RO, which lacks exons 4±6.9

On the other hand, the 220 000-MW isoform of CD45

(containing all these three exons) is designated `B220' because

it was initially thought to be a marker of the B-cell lineage.10

Recently, however, the expression of B220 on peripheral

T cells activated by staphylococcal enterotoxin B, concanavalin

A or anti-CD3 monoclonal antibody (mAb), has been

reported.11,12 Moreover, the expression of B220 on mature

T cells precedes apoptosis following the activation and

proliferation of these cells.13 Accumulation of activated

T cells triggers the Fas±Fas ligand (FasL) apoptotic system,

which terminates the immune response. Peripheral T cells that

accumulate in gld and lpr mice with lymphadenopathy caused

by a defective Fas±FasL system, are also positive for B220.14

These cells are thought to be arrested at the prestage for Fas-

mediated apoptosis. Collectively, the expression of B220 on

activated T cells may be a prerequisite for Fas-mediated

apoptosis.

In thymus, prothymocytes migrating from bone marrow

proliferate and differentiate through a complicated process,

including T-cell receptor gene rearrangement. Most thymo-

cytes are positive for Thy-1, a marker for the T-cell lineage, but

negative for the B-cell marker, B220. The majority of

thymocytes are quiescent and inactive to antigen stimulation,

dying in situ through positive and negative selection.15
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Thymocytes are highly sensitive to apoptosis induced by

various types of stress, such as DNA damage induced by

ionizing radiation or exposure to glucocorticoids induced by

stress. Stress-induced apoptosis of thymocytes is independent

of the Fas±FasL system and triggered by cytochrome c release

from mitochondria.16 Thus, stress-induced apoptosis of

thymocytes offers an experimental system suitable for studying

the involvement of B220 in the apoptosis of immature T cells.

In the present study, we show the expression of B220 on

thymocytes undergoing apoptosis induced by X-irradiation

and a synthetic glucocorticoid, dexamethasone (DEX). The

B220 detected on apoptotic thymocytes was not biochemically

distinct from the 220 000-MW CD45 isoform expressed on B

cells. Moreover, we present evidence to support the notion that

the expression of B220 on apoptotic thymocytes occurs by the

translocation of a constitutively expressed cytoplasmic form of

B220 from the cytoplasm to the cell membrane.

MATERIALS AND METHODS

Animals

Six to 10-week-old female NFS mice, originally provided by Dr

M. Okumoto (Research Institute for Advanced Science and

Technology, Osaka Prefecture University, Japan) and main-

tained at the Laboratory of Veterinary Radiology, College of

Agriculture, Osaka Prefecture University, were used.

Cell preparation, X-irradiation and DEX treatment

Thymocytes were suspended in phosphate-buffered saline

(PBS) containing 137 mM NaCl, 2.7 mM KCl, 4.3 mM

Na2HPO4, 1.4 mM KH2PO4 and 2% fetal calf serum (PBS-

2% FCS). The cell suspension was exposed to 6.8 Gy of X-

irradiation or incubated in the PBS-2% FCS containing 10x6
M

DEX (Wako Pure Chemicals, Osaka, Japan). X-irradiation

was carried out at a dose rate of 0.46 Gy/min using an X-ray

generator Radio¯ex-350 (Rigaku Corp., Osaka, Japan) oper-

ated at 250 kV and 12.5 mA with a ®lter of 0.3 mm Cu plus

0.5 mm Al.

Antibodies and ¯ow cytometry

For the detection of cell-surface antigens, 1r106 thymocytes

were incubated for 30 min on ice in the dark with ¯uorescein

isothiocyanate (FITC)-conjugated anti-B220 mAb (RA3-6B2;

Caltag Laboratories, Burlingame, CA) and/or phycoerythrin

(PE)-conjugated anti-Thy-1.2 mAb (5a-8; Cedarlane Labora-

tories, Ontario, Canada) at appropriate dilutions. The cells

were washed twice with PBS-2% FCS and ®xed in cold PBS

containing 1% paraformaldehyde. To assess the percentage of

B220-positive (B220+) cells in the hypodiploid cell fraction,

thymocytes were doubly stained with the FITC-conjugated

anti-B220 mAb and 50 mg/ml of propidium iodide (PI; Sigma

Chemicals, St. Louis, MO) using a modi®ed method of

Kishimoto et al.17 To detect cytoplasmic B220, thymocytes

were stained with the FITC-conjugated anti-B220 mAb or

FITC-conjugated anti-rat immunoglobulin G (IgG) polyclonal

Ab (Becton-Dickinson, San Jose, CA), as a negative control,

after permeabilization with 70% ethanol, according to the

method of Bijman et al.18 Flow cytometry was performed on a

¯ow cytometer, Cyto ACE-150, equipped with the Cyto ACE

system program version 3.04 (JASCO Corp., Tokyo, Japan).

For each data point, 1r104 cells were analysed.

Reverse transcription±polymerase chain reaction (RT±PCR)

analysis

The expression of B220 mRNA was determined using RT±

PCR analysis. Total RNA from splenocytes or thymocytes was

extracted and ®rst strands were synthesized using SuperScript

II (Gibco, Grand Island, NY).19 PCR was performed in 50 ml

of the reaction mixture (10 mM Tris-HCl, pH 9.0; 50 mM KCl;

0.1% Triton-X-100; 2.5 mM MgCl2; and 200 mM of each of

dATP, dGTP, dCTP and dTTP) containing 1 mM each of the

murine CD45 primer set, 5 ml of the ®rst-strand mixture,

0.2 mg/ml of RNase A (Sigma Chemicals) and 2.5 U of Taq

polymerase (Toyobo, Osaka, Japan) as follows: 94u for 1 min;

30 thermal cycles at 94u for 30 seconds, 55u for 1 min and 72u
for 2 min; and a ®nal cycle at 72u for 5 min19 The murine CD45

sense and antisense primer sequences were: 5k-CAAAGT-

GACCCCTTACCTGCT-3k (exon 4) and 5k-CTGACATTG-

GAGGTGTGTGT-3k (exon 6), respectively. Murine a-tubulin

primer set (sense: 5k-TCCATCCTCACCACCCACAC-3k and

antisense: 5k-CGCTTGGTCTTGATGGTGGC-3k) were used

as an internal standard. The PCR products were analysed using

1.5% agarose-gel electrophoresis at 12.5 V/cm for 90 min.

Western blotting analysis

X-irradiated or DEX-treated thymocytes (5r106) were lysed in

buffer containing 20 mM Tris-HCl (pH 8.0), 137 mM NaCl,

10% glycerol, 1% Triton-X-100, 2 mM EDTA and 1 mM
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Figure 1. Induction of B220 on Thy-1+ thymocytes by X-irradiation

(Irrad.) or dexamethasone (DEX). Thymocytes were irradiated with 6.8

Gy of X-rays or cultured with 10x6
M of DEX. Cells were harvested at

different time-points during incubation, stained for B220 and Thy-1,

and analysed by ¯ow cytometry. The percentage of B220+ cells to Thy-

1+ cells is represented as a vertical bar indicating the meantstandard

deviation (SD) of four to eight independent determinations. Values that

are signi®cantly different from each untreated control are indicated by

asterisks (t-test, the level of signi®cance, P=0.05).
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phenylmethylsulphonyl ¯uoride (PMSF), at 4u for 1 hr. Total

cell lysates were separated by 5% sodium dodecyl sulphate±

polyacrylamide gel electrophoresis (SDS±PAGE) and trans-

ferred to nylon membrane. Detection of B220 was carried out

using 10 mg/ml of anti-B220 mAb solution (RA3-6B2), horse-

radish peroxidase (HRP)-conjugated goat anti-rat IgG Ab

(1 : 1000 dilution; Zymed Laboratories, South San Francisco,

CA) and BLAST Biotin Reagent (NEN2; Life Science

Products, Boston, MA), according to the instructions for the

products.

RESULTS

Figure 1 shows the change of B220 expression on thymocytes,

relative to duration of incubation, after X-irradiation or DEX

treatment. The speci®city of anti-B220 mAb RA3-6B2 used in

the present study has been veri®ed by other investigators.11,12,20

In order to exclude the possibility of detecting contaminating

peripheral B cells, thymocytes were doubly stained for B220

and Thy-1 and the content of B220+ cells in the Thy-1 positive

(Thy-1+) fraction was analysed. In our experiments, >95% of

thymocytes were positive for Thy-1 and this percentage did not

change signi®cantly during incubation after X-irradiation or

DEX treatment. Five per cent of normal thymocytes were

B220+ and this proportion showed a slight increase during

incubation (6.0% and 11.4% at 6 and 12 hr, respectively). In X-

irradiated thymocytes, the percentage of B220+ cells signi®-

cantly increased with incubation time (15.2% and 24.5% at 6

and 12 hr, respectively). Similarly, the expression of B220 was

induced on Thy-1+ thymocytes exposed to DEX during

incubation (8.9% and 21.5% at 6 and 12 hr, respectively).

Differences amongst the data were analysed by using the t-test.

As described by Darzynkiewicz et al.,21 the cytoplasmic

condensation of apoptosis can be re¯ected as a reduced

forward light scattering in ¯ow cytometry analysis. Further-

more, a diminished DNA content of apoptotic bodies is

detectable as hypodiploid by PI staining.22 The proportion of

cells with a low forward scattering value (FSClow) was

increased by X-irradiation, coincident with a reduction of cell

size in apoptosis (Fig. 2a, 2b). Cells doubly positive for B220

and Thy-1 were abundant in the FSClow fractions, both in

normal and irradiated thymocytes, but scant in the FSChigh

fractions (Fig. 2c, 2d, 2e, 2f). Most of the normal splenocytes

and thymocytes were diploid (Fig. 3a, 3b). Of normal spleno-

cytes, 53.4% were B220+, re¯ecting the B-cell content (Fig. 3a).

In contrast, there were few B220+ cells in normal thymocytes

(Fig. 3b). When irradiated thymocytes were analysed by gating

in terms of FSC, most of the diploid cells were present in the

FSChigh fraction; the majority of the hypodiploid cells were in

the FSClow fraction (Fig. 3c, 3d). The FSClow fraction of the

irradiated thymocytes comprised 28.8% B220+ cells, but very

few were detected in the FSChigh fraction. A similar result was

obtained in the analysis of DEX-treated thymocytes (data not

shown). As shown in Fig. 3(a), 3(d), the ¯uorescence intensity

of B220 on the FSClow thymocytes was, however, < 10% of that

on splenocytes.

Alternative splicing of exons 4, 5 and 6 yields major CD45

isoforms, while B220 is the full-length isoform.1,3,7,10 To

characterize the biochemical features of the B220 molecule

detected on apoptotic thymocytes, we investigated the expres-

sion of B220 mRNA in irradiated and normal thymocytes by

RT±PCR, using sense and antisense primers derived from the

sequences of exons 4 and 6 of CD45, respectively. The expected

size of the PCR product was 362 bp, and the identity of the

product was con®rmed by DNA sequencing using the DNA

sequencer ABI Prism 310 (Perkin-Elmer/Cetus, Norwalk, CT).

The results are shown in Fig. 4. Unexpectedly, a 362-bp

sequence of DNA was detected both in normal and irradiated
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Figure 2. Expression of B220 on Thy-1+ thymocytes with diminished cell size. Normal and X-irradiated (Irrad.) thymocytes at 12 hr

of incubation were doubly stained for B220 and Thy-1 and analysed by ¯ow cytometry. Normal (a) and X-irradiated (b) thymocytes

were gated by forward scattering (FSC); the expression of B220 on Thy-1+ thymocytes in the FSChigh (c) and (e) and FSClow (d) and

(f) fractions are shown. Numbers in each panel represent the mean percentages of four to eight independent determinations.
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thymocytes from 15 min to 3 hr of irradiation. The expression

levels of B220 mRNA both in normal and irradiated

thymocytes were markedly lower than the expression level in

splenocytes containing < 50% B cells. Similar results were

obtained in DEX-treated thymocytes.

As the RT±PCR product of the same size as that in treated

thymocytes was detected in normal thymocytes, the expression

of a protein-bearing B220 epitope was investigated in irradiated

and normal thymocytes by Western blotting. As shown in

Fig. 5, the 220 000-MW B220 protein was detected both in

irradiated and normal thymocytes. The expression level of

B220 was not signi®cantly changed during incubation from 3 to

9 hr. Similar results were obtained with DEX-treated thymo-

cytes.

Despite the biochemical evidence indicating the presence of

the B220 isoform in normal thymocytes, most of these cells

were negative for B220 on their surface, as shown in Fig. 3(b).

To test for cytoplasmic B220, we analysed normal thymocytes

and X-irradiated or DEX-treated thymocytes by ¯ow cyto-

metry after staining for B220 following permeabilization with

70% ethanol. Surprisingly, a signi®cant percentage (30.3%) of

normal thymocytes was positive for B220, whereas the
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Figure 3. Expression of B220 on apoptotic thymocytes. Normal and 6.8 Gy-irradiated cells (Irrad.), harvested after 12 hr of

incubation, were stained with propidium iodide (PI) and ¯uorescein isotihiocyanate (FITC)-conjugated anti-B220 monoclonal

antibody (mAb) and analysed by ¯ow cytometry. Results are shown for: normal splenocytes (a), normal thymocytes (b) and irradiated

thymocytes in the forward scatter high (FSChigh) (c) and forward scatter low (FSClow) (d) fractions. The scales for the ¯uorescence

intensity of B220 and PI are logarithmic and linear, respectively. Numbers indicated in each panel represent the mean percentages of
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Figure 4. Reverse transcription±polymerase chain reaction (RT±PCR) analysis of B220 mRNA expression. Total RNA was extracted

at the indicated time-points after 6.8 Gy of X-irradiation (Irrad.) or incubation with 10x6
M dexamethasone (DEX). The cDNA

synthesized from each sample was ampli®ed with primers located in exons 4 and 6 of CD45. a-tubulin was used as a standard of

mRNA content. The product was electrophoresed in a 1.5% agarose gel and visualized by ethidium bromide staining. The results

shown are representative of three experiments. NT, normal thymocytes; Spl. splenocytes.

420 S. Oka et al.

# 2000 Blackwell Science Ltd, Immunology, 100, 417±423



¯uorescence intensity was relatively low (Fig. 6a). This result

was not caused by non-speci®c staining, because a mouse

®broblast cell line, Mb16tsA, processed in a similar manner,

showed no positive signal for cytoplasmic B220 (data not

shown). The expression data of surface and cytoplasmic B220

in normal, X-irradiated or DEX-treated thymocytes are

summarized in Table 1. In normal thymocytes, the percentage

of cells positive for surface B220 was low and slightly increased

at 6 hr. The expression of surface B220 was 15.6% and 12.2%

on irradiated and DEX-treated thymocytes, respectively. On

the contrary, cytoplasmic B220 was reduced to less than 50% of

the 0-hr control after 6 hr of incubation. The expression level of

cytoplasmic B220 in irradiated and DEX-treated thymocytes

was similar to that of normal thymocytes at 6 hr. The

possibility of non-speci®c staining of cytoplasmic antigens

was excluded because the percentage of the cells positive for

IgG, a negative control, was similarly low in all of the samples

tested.

DISCUSSION

B220 is a full-length splicing isoform of CD45 expressed on the

B-cell lineage.3,10 T-cell progenitors derived from bone marrow

cells differentiate towards T cells, having a common T-cell

surface marker, Thy-1, under the in¯uence of the thymic

microenvironment. Although a fraction of the marrow cells

homing to thymus is positive for the B-cell marker, B220,23 this

molecule is not detected on thymocytes. The majority of

thymocytes are positive for Thy-1, and express the 180 000-

MW splicing isoform, CD45RO, which lacks exons 4±6 (exons

A, B and C).9 On the other hand, the majority of thymocytes

express neither CD45RA nor CD45RC. Minor subsets of

medullary thymocytes, however, express different splicing

isoforms recognized by anti-CD45RA or CD45RC.24,25 The

molecular weights for these minor isoforms range from 200 000

to 220 000.

In the present study, we detected the B220 epitope on

thymocytes positive for Thy-1 by ¯ow cytometry after X-

irradiation or exposure to DEX. In our experiments, most of

the thymocytes positive for B220 were included in the FSClow

fraction, re¯ecting diminished cell size, which is characteristic

of apoptosis. Furthermore, B220+ cells were abundant in the

hypodiploid cell fraction, in association with a reduced DNA

content of apoptotic cells. Hence, B220 is preferentially

expressed on thymocytes undergoing X-irradiation- and

DEX-induced apoptosis. A small percentage of normal

thymocytes was positive for B220 in our experiments. Because

these B220+ cells were included in the FSClow fraction of

normal thymocytes, these cells were thought to be sponta-

neously dying cells. Previously, we detected the expression of

B220 cells on thymocytes undergoing apoptosis after in vivo X-
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Figure 5. Western blotting analysis of B220 in X-irradiated (Irrad.) and dexamethasone (DEX)-treated thymocytes. Cell lysates

extracted from 5r106 of normal thymocytes, splenocytes, and X-irradiated or DEX-treated thymocytes at 3, 6 and 9 hr of incubation

were electrophoresed in a 5% acrylamide gel. Immunoblots were sequentially incubated with anti-B220 monoclonal antibody (mAb)

and horseradish peroxidase (HRP)-conjugated anti-rat immunoglobulin G (IgG) Ab, and visualized using the BLAST Biotin Reagent.
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Figure 6. Expression of cytoplasmic B220 within normal thymocytes.

Thymocytes were stained for B220 (a) or immunoglobulin G (IgG) (b)

after permeabilization with 70% ethanol, and were analysed by ¯ow

cytometry. Numbers in the cytograms indicate the mean percentage

calculated from three and 10 separate experiments, respectively.

Table 1. Flow cytometric analysis of surface and cytoplasmic B220

expression in thymocytes 6 hr after X-irradiation or dexamethasone

(DEX) treatment

Permeabilization*

with 70%

ethanol Antibody

Untreated (%)

X-irradiation DEX0 hr 6 hr

± Anti-B220 4.9t1.0{ 6.4t2.1 15.6t2.5 12.2t3.5

+ Anti-B220 30.3t4.7 13.3t1.4 12.2t1.8 10.1t3.1

+ IgG 5.0t1.0 3.3t1.3 2.8t0.5 3.1t0.8

*Antibody binds to cell surface B220 (x) or cytoplasmic B220 (+).
{MeantSD determined from four to 10 different experiments.
IgG, immunoglobulin G.
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irradiation.26 In our in vivo study, however, a considerable

percentage of B220+ cells was detected in the fractions of

FSChigh, as well as FSClow. Such a difference might be

attributed to the dissimilar conditions between in vitro and

in vivo irradiation.

Naive T cells are positive for CD45RA.9 When naive T cells

are activated by antigen stimulation or its equivalents, these

cells down-regulate CD45RA and gain a high density of

CD45RO and CD45RB expression.27±29 Recently, it has been

reported that the B220 epitope is also expressed on T cells

undergoing apoptosis following activation.11±13 According to

Renno et al., the proteins carrying the B220 epitope expressed

on activated T cells are 200 000 and 210 000 MW, different

from the 220 000 MW of the full-length CD45 isoform.13 It is

as yet unresolved whether these B220+ molecules are novel

splicing variants of CD45 (containing exons 4±6 but lacking

other exons) or products of other unknown genes. Contrary to

the case for activation-induced death of mature T cells, we

detected, in both normal and apoptotic thymocytes, a 220 000-

MW protein carrying the B220 epitope. The molecule was not

biochemically distinct from B220 expressed on B cells. The

identity of the protein with the full-length CD45 isoform is also

supported by the data from RT±PCR analysis.

Detection of B220 on normal thymocytes has not been

reported. In agreement with this, most of the B220+ cells in

normal thymocytes detected in our experiments were included

in the FSClow fraction where apoptotic cells are prominent. On

the other hand, the presence of a full-length CD45 isoform with

a MW of 220 000 has been reported in normal thymocytes,

while the B220 epitope was not detected in this study.30 This

can be explained by our surprising results showing the presence

of B220 within a considerable proportion of thymocytes.

Moreover, we showed that B220 appears on the surface of

dying thymocytes, although is dormant in living thymocytes.

Additionally, the data of Western blotting analysis, as well as

RT±PCR, indicated that B220 was not newly synthesized

following stimulation for apoptosis. Taken together, B220 is

constitutively expressed within thymocytes and the dormant

B220 might be translocated to the surface of apoptotic cells.

Previously, a similar idea was proposed by Kishimoto et al.,

who demonstrated that thymocytes undergoing DEX-induced

apoptosis show up- and down-regulation of several surface

antigens without protein synthesis.17 The idea is also supported

by the report demonstrating that some B-cell surface antigens

such as CD20, -21, -22, -32 and -35 are constitutively expressed

within peripheral T cells as cytoplasmic forms, but appear on

the cell surface of activated T cells.31 The presence of B220

within thymocytes may simply be the result of an escape from

splicing regulation. Alternatively, it may be a sign of

maturation towards naive T cells expressing CD45RA.

Biological signi®cance of the presence of cytoplasmic B220

within thymocytes is unknown.

In the present study, we showed expression of B220 on

thymocytes undergoing stress-induced apoptosis. Considering

that B220 is coincidentally expressed on apoptotic cells of the

T-cell lineage, expression of B220 on these cells may play a role

in the process of apoptosis. The implication of B220 expression

in apoptosis remains to be elucidated.
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