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SUMMARY

Whether CD5 on B cells marks a subset functionally distinct from the conventional CD5 negative

(CD5neg) adult population or is more an indicator of activation, remains contentious. Here we have

investigated whether CD5 positive (CD5pos) and CD5neg B cells can be distinguished in terms of

their response to surrogate signals aimed to model, in vitro, T-cell dependent (TD) and T-

independent (TI) encounters with antigen in vivo: the predominantly CD5pos B-cell population

found in cord blood, CD5 B cells positively selected from tonsils and their CD5neg counterparts,

were compared. Neonatal B cells displayed a near-identical phenotype to that of adult CD5pos B

cells, being characterized by uniform immunoglobulin M (IgM), immunoglobulin D (IgD), CD23

and CD44 coexpression. When cultured with anti-IgM maintained at high density on

CD32-tranfected mouse L cells to model TI responses or on CD40 ligand (CD40L)-bearing L

cells (with or without captured anti-IgM) to model TD encounters, DNA synthesis was stimulated

to a similar extent in all three populations. Focusing on CD5 and CD23, we found that ± although

the signals delivered promoted distinct pro®les of expression ± under each condition of activation,

the phenotypes that emerged for adult CD5pos and CD5neg B cells were remarkably similar.

Neonatal B cells displayed a greater diminution in CD5 expression than adult CD5pos B cells

following CD40 signals but otherwise the two populations again behaved similarly. The inclusion of

interleukin-4 (IL-4) to cultures where cells were costimulated via surface (s)IgM and CD40 resulted

in a complete loss of CD5 expression and a corresponding hyperexpression of CD23, irrespective of

the population studied. The near-identical response of CD5pos and CD5neg B cells to surrogate TD

or TI signals in vitro and their convergence to indistinguishable phenotypes is wholly supportive of

CD5 being a ¯uctuating marker of activation rather than it delineating functionally distinct subsets.

INTRODUCTION

The existence of discrete subsets of B cells that can be

segregated primarily on their presence or absence of CD5 is

now well established in mice.1 However, the origin of the

subpopulations ± and whether they truly represent distinct

lineages ± remains a matter of controversy. Some believe that

CD5 positivity de®nes a so-called `B-1a' subset of cells, distinct

from the conventional adult B2 population by: (i) appearing

early in ontogeny; (ii) displaying bone marrow-independent

self-renewal capacity; (iii) preferentially localizing in adults to

peritoneal and pleural cavities; (iv) expressing immunoglobu-

lins that are more polyreactive in their binding capacity; and

(v) constitutively expressing signal transducer and activator of

transcription-3 (STAT3). A minor `sister' population posses-

sing the above characteristics but lacking CD5 have been

classi®ed as B-1b.2,3 Other investigators ± and major exponents

here are Wortis and colleagues ± hypothesize that CD5-positive

(CD5pos) B cells arise as a result of any newly differentiated B

cell undergoing extensive, and possibly chronic, cross-linking

of its B-cell receptors (BCR).4

Evidence has been presented to indicate that CD5pos B cells

respond to T-cell independent (TI) antigens, participate

primarily in natural immunity and are associated with
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autoimmunity, whereas CD5-negative (CD5neg) B cells respond

to T-cell dependent (TD) antigens and have a dominant role in

acquired immunity.5 In contrast, it is interesting to note that in

humans, neonatal life is associated with de®cient humoral

responses to TI-2 antigens and that, when compared to adults,

this is accompanied with a surplus of B cells expressing CD5:

the fall in CD5pos B cells in the circulation as a child matures

coincides with the emergence of intact functional responses to

TI signals.6±8

Exploration of ensuing alterations in function and pheno-

type on exposure of B-cell populations to TI-2 and TD antigens

has been modelled in vitro by the provision of signals delivered

using cross-linked anti-immunoglobulin M (IgM) and CD40

monoclonal antibodies (mAb), respectively, the latter mimick-

ing the essential CD40±CD40 ligand (CD40L) pairing that

accompanies cognate B±T interactions during TD

responses.9,10 In mice, small resting B cells differentially

respond to surface (s)IgM cross-linking and CD40 stimulation

by producing populations with distinct phenotypes, the

hallmark changes being the reciprocal induction/disappearance

of CD5 and CD23.11 For human adult B cells, triggering via

CD40 results not only in a marked up-regulation of CD23 but

also in the appearance of CD5 on a minor subset of cells.12

Moreover, the induction of CD5 can be readily effected with

polyclonal stimulators such as phorbol 12-myristate 13-acetate

(PMA) or Staphylococcus aureus Cowan strain I (SAC) ± a TI-2

superantigen surrogate.13±15 These observations, coupled with

the ®nding that CD5pos B cells can be encouraged to become

CD5 negative on culture with interleukin (IL)-4, have provided

further argument against the notion of human CD5pos B cells

representing a subset distinct from that of the CD5neg

population.16

While the function of CD5 is not yet fully resolved, it has

been shown that its engagement sequesters the pseudo-

immunoreceptor tyrosine-based activation motif (ITIM)-

containing molecule away from surface immunoglobulin,

consequently preventing the blockade of BCR-mediated signals

that would otherwise arise.17 This proposed negative role of the

CD5 molecule in antigen receptor-mediated proliferation

makes it important to assess whether constitutive or induced

expression of CD5 in¯uences the responsiveness of human B

cells to TD and TI signal mimetics. To address this, and to

provide further insight into the mutability (or otherwise) of

CD5 positivity on different human B-cell populations, we have

compared the functional responses and emergent phenotypes

of CD5-rich umbilical cord blood B cells with puri®ed CD5pos

and CD5neg adult B cells following their receipt of signals

delivered via cell membrane-presented CD40L and/or anti-

IgM.

MATERIALS AND METHODS

Reagents

The mAbs OKT1 (anti-CD5, immunoglobulin G1 [IgG1]),

UCHT2 (anti-CD5, IgG1), OKT3 (anti-CD3, IgG1), 61D3 or

UCHM-1 (anti-CD14, IgG1) and OKT10 (anti-CD38, IgG1)

were produced from hybridomas in the Medical Research

Council Centre for Immune Regulation, University of

Birmingham, and puri®ed by ion-exchange chromatography

on DE52 (Whatman Ltd, Maidstone, Kent, UK). For

¯uorescence-activated cell sorter (FACS1) analysis, we used

¯uorescein isothiocyanate (FITC)-conjugated immunoglobulin

D (IgD), IgG, CD5, CD14, CD19, CD21, CD23, CD40, CD44,

CD56, CD77, Ki-67 and phycoerythrin (PE) -conjugated CD2

and IgM (Dako Ltd, High Wycombe, Bucks., UK), FITC-

conjugated CD10, CD25 and CD71, PE-conjugated CD3,

CD23, and CD38, and PerCP-conjugated CD20 (Becton-

Dickinson, Oxford, Oxon, UK), PE-conjugated IgM (Phar-

Mingen, San Diego, CA) and PE-Cy5-conjugated CD5

(Immunotech, Marseille, France). Human IL-4 was purchased

from R & D Systems Ltd (Oxford, Oxon, UK).
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Figure 1. Separation of CD5-positive (CD5pos) and CD5-negative

(CD5neg) B-cell subsets from tonsils. Tonsils initially depleted of T cells

by amino ethyl isothiouronium bromide-sheep red blood cell (AET-

SRBC) rosetting (a) were then depleted of the remaining T cells by

using depletion columns on a magnetic cell separator (MACS) (b).

Highly puri®ed B cells were separated into CD5pos and CD5neg B cells

on a positive selection column (c). Each separation step was

accompanied with ¯ow cytometry.
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Isolation of B cells from human tonsils

Tonsils were obtained from patients undergoing routine

tonsillectomy. Cells were extracted by dissection and dispersal

in RPMI-1640 (Gibco Ltd, Paisley, Strathclyde, UK). Mono-

nuclear cells were layered onto Ficoll-Paque1 (Pharmacia

Biotech, Uppsala, Sweden) and centrifuged at 450 g for 20 min

at room temperature. Interface cells were washed in RPMI-

1640, and T cells were depleted by E-rosetting with amino ethyl

isothiouronium bromide (AET)-treated sheep red blood cells

(SRBC), with rosettes removed by centrifugation on Ficoll-

Paque. Enriched B cells were depleted of remaining T cells

using depletion columns on a magnetic cell separator

(VarioMACS; Miltenyi BiotecGmbH, Bergisch Gladbach,

Germany). Brie¯y, non-rosetting cells were cultured with

20 mg/ml of anti-CD3 (OKT3) and UCHM-1 (anti-CD14)

mAbs for 15 min at 4u. On washing with phosphate-buffered

saline (PBS) containing 0.5% bovine serum albumin (BSA) and

5 mM EDTA (MACS buffer), cells were subsequently incu-

bated with goat anti-mouse IgG Microbeads1 (Miltenyi

Biotec). After washing with MACS buffer, magnetically

unlabelled cells were collected as highly puri®ed B cells, as

assessed by immuno¯uorescence labelling with CD3, CD19,

CD56 and CD14. These cells were used for experiments either

as unfractionated B cells or were subsequently incubated with

50 mg/ml of anti-CD5 mAb (BL1a; IgG2a, Immunotech) for

15 min at 4u, washed and incubated with goat anti-mouse IgG

Microbeads for an additional 15 min at 4u. Preliminary

experiments showed that BL1a mAb did not affect the growth

response of unfractionated tonsillar B cells at the concentration

used for cell separation (see the Results). After washing, both

positively selected (CD5pos) and negatively selected cells

(CD5neg) were collected after separation on a positive selection

column. For preparations used in this study, the purity of

CD5pos and CD5neg B cells was>90% and >95%, respectively.

These procedures and the resultant populations generated are

given in Fig. 1.

Isolation of B cells from cord blood

Positive selection on a magnetic cell separator with anti-CD19

coupled Microbeads (Miltenyi Biotec) was used to isolate B

cells from mononuclear cells separated from cord blood on

Ficoll-Paque. Following this procedure,>98% of the resulting

cell population was CD19pos.

Culture of B cells

Tonsillar or cord blood B cells (106/ml) were cultured in ¯at-

bottom 96-well microtitre plates to measure DNA synthesis or

in 48-well plates (Becton-Dickinson Labware) to determine

changes in phenotype, in a total volume of 200 ml or 0.5 ml,

respectively, in RPMI-1640 containing penicillin (100 IU/ml),

streptomycin (100 mg/ml), 2 mmol/l of glutamine (Gibco,

Grand Island, NY) and 10% fetal calf serum (FCS; Sera Lab

Ltd, Crawley Down, Sussex, UK) at 37u in a humidi®ed

incubator in 5% CO2. Where indicated, non-transfected mouse

L cells, mouse L cells transfected with the human CD32 gene

(CD32-L cells), or mouse cells co-transfected with CD32 and

CD40L (CD32/CD40L-L cells), were used as described

previously.18 Brie¯y, adherent L cells cultured in RPMI-1640

with 10% FCS and antibiotics (CM) were recovered using

0.02% disodium EDTA in PBS, pH 7.2, resuspended in CM

and c-irradiated (7000 rads) before addition to B cells at a ratio

of 1 : 10 (L cells : B cells). The in¯uence of sIgM ligation with or

without ligation of CD40 was assessed by using CD32/CD40L-

transfected L cells and CD32-transfected L cells, respectively,

and 0.5 mg/ml of anti-IgM antibody AF6 (IgG1). Where

indicated, IL-4 (100 ng/ml) was added at the start of cell

culture.

Flow cytometric analysis

The cells were analysed immediately after separation or after

different times in culture, as indicated in the Results. Cultured

cells were harvested by incubation for 5 min with 0.02%

disodium EDTA to disperse aggregates, washed with RPMI-

1640 and than stained prior to analysis on a FACScan ¯ow

cytometer (Becton-Dickinson, Mountain View, CA). Cell

suspensions were stained using standard direct two- or three-

colour immuno¯uorescence staining methods as previously

described.19 Brie¯y, after harvesting, cells were washed in PBS

supplemented with 5% goat serum (Harlaan Sera-Lab Limited,

Loughborough, Leicestershire, UK) and 0.1% sodium azide

(Sigma, Poole, Dorset, UK) and then incubated using at least

2r105 cells per sample with previously determined optimal

concentrations of mAbs conjugated to different ¯uorochromes

(FITC, PE and PE-cyanin 5.1 (CY5) or FITC, PE and

peredinin-chlorophyll protein (PerCP) for 15 min in the dark at

room temperature. Cells were then washed and subsequently

resuspended in 0.5% formaldehyde (Sigma) in PBS containing

5% goat serum and 0.1% sodium azide, and analysed within

24 hr of staining on a ¯ow cytometer.

Measurement of DNA synthesis

Cells cultured in triplicate in ¯at-bottom microtitre plates for

3 days were pulsed with [3H]thymidine ([3H]Tdr; Amersham

International, Amersham, Bucks, UK; 10 mCi/ml in CM, 50 ml

per well) for the ®nal 16±18 hr of culture. The cells were

harvested onto glass ®bre ®lters on a Skatron (Helis Bio Ltd,

Newmarket, Suffolk, UK) cell harvester, and incorporation of

[3H]Tdr was measured by liquid scintillation spectroscopy. The

activity of anti-CD5 antibodies (UCHT2, BL1a and OKT1) in

such assays was assessed following their addition at the

beginning of culture at the following concentrations: 0.5, 5 and

50 mg/ml.

Simultaneous DNA content and cell-surface

immuno¯uorescence analysis

CD5neg B cells were harvested after 3 days of culture, as

described above, and then processed for simultaneous analysis

of DNA content and CD5 expression. Brie¯y, cell suspensions

were stained with anti-CD5 FITC for 15 min in the dark at

room temperature. After washing, cells were ®xed with ®xation

buffer (containing 4% formaldehyde in Dulbecco's PBS) for

20 min at 4u, washed and permeabilized with permeabilization

buffer (containing 1% FCS, 0.1% NaN3, 0.1% saponin in

Dulbecco's PBS) for 10 min prior to addition of 50 mg/ml of

propidium iodide (PI). Cells were then cultured for 20 min at 4u,
washed with permeabilization buffer and analysed immediately

on a ¯ow cytometer.
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RESULTS

Phenotypic characterization of cord blood and fractionated

tonsillar B cells

Given that the aim of our study was to explore and compare

the consequences of signalling the different B-cell popula-

tions through sIgM and CD40, it was necessary to establish

in some detail the starting phenotype of the subsets used. In

terms of the expression of sIgD, sIgM, sIgG, CD21, CD23,

CD25, CD38, CD40, CD44 and CD77, unseparated cord

blood B cells and fractionated CD5pos tonsillar B cells were

remarkably similar (Fig. 2). Consistent with this, it could be

seen that ± as expected ± the majority of cord blood B cells

were CD5pos, although the actual numbers in individual

samples ranged from 45 to 77%. The universally high CD23

expression associated with both cord blood B cells and

fractionated CD5pos tonsillar B cells is at odds with the

mutual exclusivity of these markers on murine B-cell subsets

but fully consistent with what has been reported previously

for humans, especially the CD5/CD23 double positivity that

provides the hallmark phenotype of B-chronic lymphocytic

leukaemia.1,20 A notable difference between the CD5-rich

population found in cord blood and the CD5pos B cells of

tonsils was the substantially higher level of CD38 and IgM

expression on the former, as reported previously.21,22

Importantly, fractionated CD5pos and CD5neg tonsillar B

cells expressed identical levels of CD40. While they differed in

the proportion of cells expressing sIgM ± all CD5pos cells were

sIgMpos while only < 70% of CD5neg cells expressed sIgM ± the

level of expression on positive cells was the same, irrespective of

CD5 status (Fig. 2b). The sIgMneg subset contained within the

CD5neg fraction was accounted for by isotype-switched cells

not present within the CD5pos populations from either tonsil or

cord blood (Fig. 2 and refs 23,24). CD25, an activation antigen

for human B cells,25 was almost completely absent from all

populations analysed: similarly, the small minority of cells

displaying intracellular staining for the cell cycle-associated

nuclear antigen, Ki-67, con®rmed that most cells were residing

in the resting state (Fig. 2). The bimodal staining pro®les

obtained for sIgD, CD38 and CD44 with the CD5neg tonsillar

B-cell population compared with their homogeneous patterns

of expression on the CD5pos fraction probably re¯ected the

almost exclusive extrafollicular localization of the latter;

CD5neg B cells, by contrast, can be located in all major

compartments of secondary lymphoid tissues.26 The extremely

low numbers of CD77pos cells found, even in the CD5neg

tonsillar fraction, indicated that there was no signi®cant

contribution from centroblasts to these preparations, again

consistent with the predominantly resting con®guration of the

subsets isolated.

(a)

(b)

CD5 IgD IgM IgG CD38 CD21

CD23 CD77 CD44 CD40 Ki-67 CD25

CD5 IgD IgM IgG CD38 CD21

CD23 CD77 CD44 CD40 Ki-67 CD25

Figure 2. Comparison of phenotypic markers in a representative example of freshly isolated umbilical cord blood (a) and
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Induction of DNA synthesis in B-cell subsets in response to

BCR and CD40 signals

Next we studied how the B-cell populations under investigation

compared in their response to signals generated through BCR

and/or CD40. This was achieved by plating the B cells onto

irradiated mouse L cells as follows: unmodi®ed L cells, serving

as a control; CD32-tranfected L cells carrying IgG1 mAb

(AF6) to sIgM, providing `TI-like' signals; and CD32/CD40L

co-tranfectants, either with or without captured anti-IgM, to

model TD signalling. For each set of signals, all three

populations studied ± neonatal B cells as well as CD5pos and

CD5neg tonsillar B cells ± responded almost identically (Fig. 3).

In keeping with the lack of activation markers noted above,

each population displayed a negligible spontaneous uptake of

[3H]Tdr. There was a signi®cant response to the L cell-captured

anti-IgM and an even greater one to membrane-expressed

CD40L, which was slightly boosted on co-engagement of BCR.

It was considered important to establish whether the BL1a

antibody used to isolate the CD5pos fraction from tonsil was, in

itself, capable of modulating DNA synthesis. This antibody

was compared with two others ± OKT1 and UCHT2 ± each

directed against different epitopes. As seen in Table 1, none of

the mAbs were directly mitogenic to unseparated (but

CD5-containing) tonsillar B cells and they did not in¯uence

the signal delivered by cell-bound anti-IgM. However, at the

lowest concentration tested (0.5 mg/ml), the UCHT2 mAb

increased the proliferation of unfractionated B cells in response

to a CD40 signal. This same antibody, as well as OKT1,

induced a dose-dependent decrease in DNA synthesis when B

cells received signals jointly through BCR and CD40. In
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Figure 3. Comparison of DNA synthesis in cord blood (CB) B cells

and different fractions of tonsillar B cells (CD5-positive [CD5pos] and

CD5-negative [CD5neg]) after the engagement of B-cell receptors (BCR)

and/or CD40. B cells (105 cells/well) were cultured for 3 days with: (i)

non-transfected mouse L cells, (ii) CD32-transfected mouse L cells and

anti-immunoglobulin M (IgM) antibody at 0.5 mg/ml (BCR), (iii)

CD40 ligand (CD40L)/CD32-transfected cells (CD40) and (iv) CD40L/

CD32-transfected L cells and anti-IgM antibody. [3H]Thymidine

([3H]Tdr) incorporation (in counts per minute [c.p.m.])was measured

during the last 18 hr of culture. Values for [3H]Tdr uptake by mouse L

cells alone were always less than 1000 counts per minute (c.p.m.)

(results not shown). Data are given as the mean+SD of three

experiments.
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summary, although there is evidence for epitope-dependent

modulation of some BCR and CD40 responses with CD5

antibodies, BL1a ± the mAb selected for isolating the CD5pos

fractions in this study ± was found to be inert in this regard.

Changes in surface phenotype after BCR and CD40

stimulation of B-cell populations

The hallmark of the phenotypic changes on murine B cells

engaged in BCR and CD40 signalling is the reciprocal

induction/disappearance of CD5 and CD23. We investigated

how signals generated through BCR and/or CD40 in¯uenced

the coexpression of CD5 and CD23 on human neonatal B cells

and tonsillar B-cell fractions. Despite the remarkably similar

levels of DNA synthesis seen in each of the populations with

these stimuli, it remained possible that the differentiation

pathways followed by CD5pos and CD5neg B cells in response to

TD and TI surrogate signals were distinct.

It has been previously reported for total resting tonsillar B

cells that BCR co-ligation increases the expression and

proportion of CD40-induced CD5pos cells, while CD40-stimu-

lated up-regulation of CD23 is partially reversed.12,27 Here we

showed a similar outcome for puri®ed CD5neg B cells,

demonstrating that the alterations observed in unfractionated

populations are not caused by selective subset outgrowth. In

contrast to the situation in the mouse, we found that CD40

ligation ± and not BCR triggering ± led, in the CD5neg

population, to an enhancement of CD5 expression on cells that

were also induced to express CD23 (Fig. 4). However, BCR

cross-linking did signi®cantly augment the CD40-dependent

induction of CD5 on cells previously CD5neg such that, within

3 days, approximately two-thirds were CD5pos: under these

conditions, the predominant CD5pos subset was now CD23neg

(Fig. 4).

For CD5-rich neonatal B cells particularly ± but also to

some extent for fractionated CD5pos tonsillar B cells ± culture

with CD40L resulted in a down-regulation of CD5 expression

(Fig. 4). Co-ligation with BCR abrogated such CD40-depen-

dent down-regulation of CD5, especially on the CD5pos

tonsillar B-cell starting population. Regarding CD5/CD23

coexpression, the patterns obtained following stimulation of

the CD5pos subset via CD40 and/or BCR were remarkably
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monoclonal antibodies (mAb) conjugated to ¯uorescein isothiocyanate (FITC) (x-axis) and CD5 mAb conjugated to phycoerythrin
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(anti-IgM) antibody (0.5 mg/ml) cross-linked on CD32-transfected L cells (surface [s]IgM) and dual CD32/CD40 ligand (CD40L)-

transfected L cells, with (sIgM +CD40) and without (CD40) anti-IgM antibodies, in the presence or absence of 100 ng/ml of
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similar to those generated in the CD5neg fraction (Fig. 4) and

not greatly different from those arising in cord blood B cells.

It should be noted that on all cultured ± but unstimulated ±

populations, CD23 expression was lost by day 3: presumably

this re¯ects its known turnover from the cell surface by

endogenous proteolytic cleavage.28 IL-4 has been reported not

only to potently up-regulate CD23, but also to selectively

down-regulate CD5 on unfractionated tonsillar B cells either

under basal conditions or following PMA-stimulated CD5

expression.16 We con®rmed this effect of IL-4 on basal CD5

levels for both cord blood and isolated CD5pos tonsillar B cells

(results not shown) and also showed that, for each subset

engaged in signalling via BCR and CD40, the presence of IL-4

resulted in a virtual loss of constitutive or induced CD5 with a

corresponding hyperexpression of CD23 (Fig. 4).

Cell cycle status of CD5pos cells generated from CD5neg

B cells on BCR/CD40 ligation

Studies on peripheral blood B cells activated with PMA were

supportive of the notion that CD5 behaves more as an

activation antigen on human B cells rather than as a marker for

a discrete lineage of cells.15 Moreover, CD5pos and CD5neg B

cells have been reported to express similar percentages of Ki-

67, the cycle-related nuclear antigen, when activated with anti-

IgM and IL-2.29 We investigated whether the induced

expression of CD5 following the activation of CD5neg B cells

through co-engagement of BCR and CD40 was related to their

position within the cell cycle. As seen in Fig. 5, when assessed

against forward scatter, cells induced to express CD5 on BCR/

CD40 co-ligation tended to be larger than those that remained

CD5neg. When subjected to simultaneous analysis of DNA

content and CD5 expression, almost 50% of the previously

CD5neg B cells that had been induced to become CD5pos upon

stimulation through BCR and CD40 were found to be in active

cell cycle: this contrasted with cells that remained CD5

negative, where only a small minority displayed S or G2/M

DNA.

DISCUSSION

The origin of CD5pos B cells continues to fuel debate and

controversy: the current state of the opposing viewpoints ± with

particular reference to human B cells ± was elegantly reviewed

in a recent article by Youinou et al.30 Here, the authors

proposed a reconciliation of the divergent theses by postulating

two different classes of CD5pos B cells:

(1) Those where CD5 expression was `constitutive', i.e. B-1a

cells with their distinctive properties of self-renewal,

polyreactive antigen speci®city, selective tissue localiza-

tion and early appearance in ontogeny, as outlined above.

(2) CD5neg conventional B cells that have been induced to

express CD5 on appropriate activation.

Cord blood B cells are generally considered to represent the

former, while a substantial proportion of CD5pos B cells found

in tonsils may be accounted for by the latter.7,30 From studies

in the mouse, it has been suggested that stimulation with TI-2

type antigens is the major route to inducible CD5 expression,

leading to the postulate that CD5 B cells found in vivo are the

result of such activation by conventional environmental

antigens; conversely, TD signals purportedly down-regulate

CD5 in favour of CD23 up-regulation on murine B-cell

subsets.11
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Figure 5. Simultaneous detection of DNA content and CD5 expression in CD5-negative (CD5neg) B cells following B-cell receptor

(BCR) and CD40 engagement. CD5neg B cells were cultured for 3 days with irradiated CD40 ligand (CD40L)/CD32-transfected L

cells and anti-immunoglobulin M (anti-IgM) antibody. Cell-surface staining with ¯uorescein isothiocyanate (FITC)-conjugated anti-

CD5 monoclonal antibody (mAb) was followed by ®xation, permeabilization and addition of propidium iodide (PI). DNA content

was measured in cells that up-regulated CD5 (region 1, R1) and those that remained CD5 negative (region 2; R2). Histogram sets (a)

and (b) show PI staining and forward scatter (relative cell size) in cells that induced CD5 and those that remained CD5 negative,

respectively. Histogram marker 1 (M1) shows the cells in the G0 and G1 stages, and M2 shows the percentage of cells in the G2+M

and S phases of the cell cycle. The median forward scatter for cells in each region is also indicated.
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In the present study, we found that ± irrespective of either

their CD5 status or source of origin ± the way human B cells

performed in response to individual modes of stimulation was

quite similar. Contrasting with the situation described for

murine B cells, we also found that induction of CD5 was CD40

dependent and was certainly not mutually exclusive with CD23

expression. Whilst BCR cross-linking alone (to model TI-2

signalling) resulted in a signi®cant induction of DNA synthesis

in all populations under study, there was no induction of CD5

de novo on CD5neg cells and no substantial increase was noted

on the level of CD5 expression on CD5pos cells. However, BCR

signals substantially augmented CD40-mediated up-regulation

of CD5, demonstrating a clear contribution of this pathway to

the inducible CD5 phenotype.

For all populations studied, BCR co-ligation yielded a

substantial diminution in the CD40-induced CD23 population

that otherwise emerged: loss of CD23pos cells was evident in

both CD5pos and CD5neg subsets. Loss of CD23 is a feature

associated with B cells entering germinal centre (GC)

responses.12,27 Dual occupancy of sIgM and CD40 on resting

tonsillar B cells has previously been described to generate a

blast population with features reminiscent of GC B cells,

although more recently it was demonstrated that high critical

threshold occupancy of CD40 by its cognate ligand in the

absence of a BCR signal is most effective at inducing the

expression of CD77, a hallmark phenotype of the GC.31 It is a

contentious issue as to whether B-1 cells can participate in GC

responses, although a rare population of CD5pos cells has been

described within the GC B-cell-enriched fraction from tonsils.24

Conversely, CD5pos peritoneal B cells in mice do not appear to

be capable of generating GC and memory responses in vivo.32

Caligaris-Cappio et al. suggested that CD5pos cord blood B

cells exposed to IL-1 and IL-2 acquire features of B blasts

proliferating in the GC of secondary follicles.33 More recent

data argue against a role for IL-1 and IL-2 in promoting this

phenotype but, rather, highlight interferon (IFN)-a and IFN-c
as key cytokines in the development of cells with GC features.27

Our own preliminary experiments investigating a range of

phenotypic markers have indicated that, among tonsillar B

cells, CD5pos and CD5neg populations are equally prone to

develop GC-like features in response to BCR/CD40 co-

ligation, consistent with the notion that CD5 is a ¯uctuating

marker of activation in this environment rather than delineat-

ing a functionally distinct subset.

Induced expression of CD5 ± exempli®ed in this study post-

BCR/CD40 co-engagement ± was associated with an activated

phenotype, as evidenced by the high percentage of CD5pos cells

that were in the active cell cycle. However, ef®cient stimulation

per se does not necessarily result in CD5 positivity, as

dramatically demonstrated by the addition of IL-4 to these

conditions. While IL-4-promoted down-regulation of both

constitutive and induced CD5 expression has been noted

previously,16 it was remarkable to observe the near complete

loss of the BCR/CD40-dependent CD5 induction/maintenance

for all populations under study. Indeed, together with the

hyperexpression of CD23, in terms of these two putative subset

markers, the different populations stimulated via sIgM and

CD40 converged to a totally indistinguishable phenotype in the

presence of IL-4.

Our results in toto are supportive of CD5 being a ¯uctuating

marker of human B cells responding to selective stimuli,

regardless of their source of origin: its presence or absence

re¯ecting the previous experience of a cell. What the functional

consequence to the B cell of modulating CD5 might be is,

however, unclear.34 Sen et al. recently suggested that CD5

negatively regulates sIgM-mediated signals by recruiting src

homology 2 domain-containing protein tyrosine phosphatase-1

(SHP-1), a cytosolic protein tyrosine phosphatase, into the B-

cell receptor complex in B-1 cells.35 In this context, it has also

been shown that CD5 ligation of resting tonsillar B cells results

in apoptosis.36 In the present study, we found that extensive

cross-linking of CD5 with two of three anti-CD5 mAbs used

(UCHT2 and OKT1) delivered an antiproliferative signal to B

cells engaged in signalling via sIgM and CD40. As these

experiments were performed using unseparated tonsillar B cells

we have yet to determine whether constitutively expressed and

induced CD5 function similarly in this regard. The appearance

of CD5 might thus provide a means of dampening, or

redirecting, B-cell responses to selective activation signals: this

could be triggered by external ligands or through its intrinsic

association with VH framework determinants, as characterized

in the rabbit.37±40 The ability to modulate readily, both up and

down, CD5 expression on normal B-cell populations via

de®ned physiological receptors should facilitate the further

exploration of its function in respect to these candidate ligands.
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