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Introduction

Summary

Injection of the same antigen following primary immunization induces
a classic secondary response characterized by a large quantity of high-
affinity antibody of an immunoglobulin G class produced more rapidly
than in the initial response — the products of memory B cells are qualita-
tively distinct from that of the original naive B lymphocytes. Very little is
known of the help provided by the CD4 T cells that stimulate memory
B cells. Using antigen-specific T-cell receptor transgenic CD4 T cells
(DO11.10) as a source of help, we found that naive transgenic T cells sti-
mulated memory B cells almost as well (in terms of quantity and speed)
as transgenic T cells that had been recently primed. There was a direct
correlation between serum antibody levels and the number of naive trans-
genic T cells transferred. Using T cells from transgenic interleukin-2-defi-
cient mice we showed that interleukin-2 was not required for a secondary
response, although it was necessary for a primary response. The results
suggested that the signals delivered by CD4 T cells and required by mem-
ory B cells for their activation were common to both antigen-primed and
naive CD4 T cells.
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response.””'>!> Memory B cells have been fundamentally
altered and are substantially different from naive B cells.'*

During the immune response to infection, activated T
cells undergo numerous phenotypic as well as functional
changes."™ These changes allow the T cell to orchestrate
a protective immune response, part of which is the provi-
sion of help for B-cell antibody production.*® Following
an initial expansion of the responding cells and clearance
of the infection, the immune response contracts.”*° This
ensures that the immune repertoire does not become
skewed following infection."' However, despite this mass
cull of activated lymphocytes immunological memory is
usually established, which is defined as a faster and stron-
ger response following re-infection. Evidence shows that
the secondary humoral response is both qualitatively
[higher affinity and immunoglobulin G (IgG) instead
of IgM] and quantitatively different from the primary

However, the type of CD4 T cell that provides help for
memory B cells is poorly understood. Whereas antigen-
primed CD4 T cells may be distinguished from naive cells
on the basis of phenotype, a heightened recall response to
antigen and committed cytokine production,'*>™" there
is no evidence that the ability of T cells to respond rap-
idly or that the T helper type 1 (Th1)/Th2 cytokines they
produce are required to help memory B cells produce
antibody.

Many of the cell surface markers used to distinguish
memory CD4 T cells are indicative of recent antigen
experience. One of these, CD45R (CD45RB in mice), may
express high or low molecular weight isoforms depend-
ing upon its antigen experience.'® CD4 T cells that have
not encountered antigen are CD45R™; upon antigen

Abbreviations: ap, alum-precipitated; bio, biotinylated; ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G;
IL-2, interleukin-2; i.p., intraperitoneally; KJ*, monoclonal antibody KJ1-26 positive; OD, optical density; OVA, ovalbumin;
pep, peptide; SCID, severe combined immune deficiency; sol, soluble; TCR, T-cell receptor; Th, T helper.
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stimulation they express the low molecular weight iso-
form, CD45R". However, under the right conditions the
antigen-experienced T cell may re-express the high
molecular weight isoform and return to a naive pheno-
type."”! Hence one may not always be able to distin-
guish truly naive T cells from those that have previously
encountered antigen. To determine the T-cell require-
ments needed to stimulate memory B cells, we used a T-
cell receptor (TCR) transgenic model where it was poss-
ible to obtain defined populations of antigen-specific
naive or primed CD4 T cells.

During a primary response, previous studies showed
that TCR transgenic CD4" T cells specific for a peptide of
ovalbumin (OVA) from the DOI11.10 strain’ provided
cognate help for naive B cells by direct physical contact,
initially at the T-cell-B-cell junction and a day later
within the follicles of draining lymph nodes.** This model
has not been used before in combination with memory B
cells. In the present study we asked whether naive as well
as primed T cells could provide the help needed to initi-
ate antibody synthesis by OVA-specific memory B cells.
We evaluated the relative importance of an increased fre-
quency of antigen-specific CD4 T cells compared with the
enhanced activity that T cells acquire following antigen
priming. We also determined whether some of the chan-
ges induced in naive T cells following antigen stimulation
[i.e. interleukin-2 (IL-2) production] were required for a
secondary humoral response.

Materials and methods

Animals

BALB/C.Ighb mice (Balb/c) (from MK Jenkins, Minneapo-
lis, MN) were bred in specific pathogen-free conditions
and maintained after weaning under conventional hus-
bandry in the Biological Services Unit of the University of
Manchester. The DO11.10 and DO11.10-severe combined
immunodeficient (SCID) mice on a BALB/c background
(breeding colony from the University of Glasgow),
DO11.10 IL-277 mice (kindly provided by T. Hunig,
Wurtzburg) and SCID mice (University of Manchester
colony) were housed in isolator air-filtered cages.

Antibodies

KJ1-26 clonotypic monoclonal antibody (mAb), specific
for the OVA-peptide-specific TCR, was produced from a
cell hybridoma line held by the Scottish Antibody Pro-
duction Unit (Carluke, UK) and was purified using Pro-
sep affinity chromatography. The following mAbs were
used for flow cytometry analysis: fluorescein isothiocya-
nate (FITC)-CD45RB, phycoerythrin (PE)-CD4, PE-B220
(all BD-Pharmingen, Oxford, UK), streptavidin-PE
(SA-PE) (Sigma, Poole, UK) and streptavidin Tri-colour
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(Caltag-Medsystems Ltd, Botolph Claydon, UK). The fol-
lowing biotinylated (bio) mAbs were used for cell purifi-
cation: bio-CD4, bio-CD8, bio-Thy-1.2, bio-CD45RB (all
Pharmingen) and bio-F4/80 (Caltag-Medsystems Ltd).

Antigen

For primary immunization of B cells 100 pg alum-preci-
pitated chicken ovalbumin (ap-OVA) (Grade V, Sigma)
was injected intraperitoneally (i.p.). For secondary chal-
lenge 10 pg or 100 pg soluble OVA (sol-OVA) was injec-
ted i.p. The OVA peptide 323-339 (synthesized by Sigma
Genosys, Cambridge, UK) was used to prime T cells.

Antibody assays

Anti-OVA antibody was detected by enzyme-linked
immunosorbent assay (ELISA) from serum samples stored
at —20° before use, as described previously.”” The class of
antibody produced was predominantly IgG1 with low lev-
els of IgG2a and almost no IgG2b. Ninety-six-well flat-
bottom microtitre flexible assay plates (Dynex, Ashford,
UK) were coated for 1 hr with 50 pl/well 100 pg/ml OVA.
Plates were washed five times with phosphate-buffered sal-
ine containing 0.02% Tween (PBST) and were incubated
for 1 hr with 100 pl blocking buffer per well (Megablock
from Bionostics, Devens, MA, 1/500 in PBS). Plates were
washed and 50 pl blocking buffer plus 25 pl of either sam-
ple (experimental) or the standard, which had a known
concentration of IgG-specific anti-OVA antibody (1 unit
approximates 0.1 pg) or control normal serum (used as a
background subtraction) was added to individual wells.
All samples were diluted threefold starting from 1/90 and
run in duplicate. After 1 hr the incubation plates were
washed and incubated with 50 pl of alkaline phosphatase-
conjugated rabbit anti-mouse IgG (Sigma) (1/1000 in
PBST) per well for 1 hr. Plates were washed and incubated
with 50 pl p-nitrophenyl phosphate substrate (5 mg tablet,
from Sigma, dissolved in 5 ml diethanolamine buffer,
1 mg/ml, pH 9.8) per well in the dark for 15-20 min. The
reaction was stopped with 100 pl 3 m NaOH per well, and
the optical density (OD) was read at 405 nm using a
Dynex MRX II ELISA reader (Dynex). The results were
analysed using DyNEx ReveraTioN 4.21, which calculated
the concentration of anti-OVA in units/ml using a stand-
ard curve included on each plate.

Cell separation

To obtain primed B cells, normal BALB/c mice were
injected i.p. with 100 pg ap-OVA. Eight weeks later the
mice were killed and spleen, mesenteric, inguinal, cervical
and axillary lymph nodes were removed, teased apart with
forceps and filtered through a nylon monofilament mesh
filter. Red blood cells were lysed in Boyles solution (1 ml
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per spleen) at 37° for 5 min, the remaining cells were
washed with PBS/fetal calf serum and pooled; any viable
cells were counted using an electronic Scharfe system
CASY1 counter. The total cell population was stained
with bio-CD8 (12 pg per 10°® cells), bio-CD4 (24 pg per
10% cells), bio-Thy-1.2 (96 pg per 10% cells), and bio-
F4/80 (96 pg per 10° cells) for 30 min on ice. A sample
was removed and stained with SA-PE for analysis before
depletion. Biomag® Streptavidin beads (Metachem Diag-
nostics Ltd, Piddington, UK) were washed, mixed with
the cells at a concentration of 50 ul beads per 10® cells
and incubated with occasional resuspension for 30 min
on ice. The cell/bead suspension was placed on a strong
magnet, the ferrous beads with cells attached were
removed by magnetic adhesion, the cells that remained in
suspension recovered and were washed twice with PBS/
fetal calf serum. A sample was stained with SA-PE to
assess the purity of the separation. The cells were depleted
a second time as before using 200 pl beads per 10°.
Finally, the cells were counted, a sample was stained with
PE-B220 to determine the percentage of B cells and the
concentration was adjusted for injection.

To obtain primed T cells a single cell suspension of
lymph node cells from DO11.10-SCID mice was washed
and stained with mAbs KJ1-26 and anti-CD4. KJ* CD4"
T cells, either 1 x 10° or 5 x 10°, were injected intraven-
ously to SCID recipients which were then primed i.p.
with 100 pg ap-OVA-peptide. Recipient mice were killed
7-14 days later, spleen and lymph nodes were removed,
the cells were counted and a sample was stained with
KJ1-26 and anti-CD4 to determine the number of donor
transgenic T cells. The remaining cells were stained with
rat anti-mouse CD45RB (0.5 ug per 10® cells) and deple-
ted of CD45RB™ cells using two rounds of Biomag® goat
anti-rat IgG beads (Metachem Diagnostics Ltd) as des-
cribed above; 20 pl beads were used per 10° cells. The
remaining population of cells was stained with PE-CD4,
FITC-CD45RB, bKJ1-26 and Tri-SA and analysed by flow
cytometry (FACScan®, Becton Dickson, Cowley, UK) to
determine purity and number of cells for transfer.

Statistical analysis

Differences between means were evaluated using Student’s
t-test.

Results

A model to evaluate the ability of transgenic T cells
to provide help for memory B cells

Transgenic T cells from DO11.10 donors were adoptively
transferred with B cells to immunodeficient SCID recipi-
ents and challenged with OVA. Similar to many pro-
teins,”**> OVA in soluble form (sol-OVA) induces
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tolerance in unprimed animals whereas OVA plus alum-
precipitated adjuvant (ap-OVA) stimulates a primary
response.”” However, once primed, a secondary response
can be evoked by OVA in soluble form. To test this in
our model, naive transgenic T cells, identified by mAb
KJ1-26 (KJ"), were adoptively transferred with purified B
cells from either naive or ap-OVA-primed BALB/c.Igh
(BALB/c) donors to SCID recipients and challenged with
sol-OVA. Primed B cells were also transferred on their
own to assess the effectiveness of the CD4 T-cell deple-
tion. On day 14 after transfer, recipients were killed and
serum antibody responses were measured. The results
demonstrated that naive transgenic T cells did not help
naive B cells to produce antibody following sol-OVA
challenge (Fig. 1a) as expected” but clearly showed that
they were competent to assist antibody synthesis by B
cells that had previously been primed.

Based on similar experiments in the rat,”> 10 pg sol-
OVA was chosen to stimulate a secondary response. The
effect of increasing the dose to 100 pug was examined in
direct comparison with 10 pg (Fig. 1b). The larger dose
evoked antibody levels nearly three times higher on day 7
than those which received 10 pg sol-OVA (Fig. 1b), a dif-
ference that increased to five- and four-fold on days 14
and 21, respectively. The lower dose of antigen was selected
as a standard because this produced a substantial response
and provided sufficient scope for detecting a difference,
should there be one, between naive and primed T cells.

To measure T-cell help for B cells, it was important to
optimize the number of primed B cells required to elicit a
response. B cells were purified from ap-OVA-primed
BALB/c donors. Because a majority of the population
would contain B cells with other specificities, relatively
large numbers of ‘primed’ cells (3 x 10°, 107, and
3 x 107) were transferred to SCID recipients with a high
dose of transgenic T cells (3 x 10®. In comparison with
107 B cells, the response of 3 X 10° B cells measured on
day 14, was considered too low (Fig. 1c). Since the
response of 3 x 107 B cells was not significantly different,
we opted to transfer 10’ B cells in subsequent experi-
ments. Furthermore, to exclude transgenic T cells that
may have been primed because they coexpress an endo-
genous TCR,” donor T cells were obtained hereafter from
DOI11.10-SCID mice which contain only naive CD4 T
cells that express the DO11.10 TcR.

Comparison of help from naive and primed
transgenic T cells for primed B cells

It is generally held that CD4 T cells activated during the
primary response are essential in providing the quality of
T-cell help needed to stimulate memory B cells. However,
the experiments in Fig. 1 clearly indicated that naive
transgenic T cells could also provide help for memory B
cells. We wanted to compare, on a cell-for-cell basis, the
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ability of naive versus primed transgenic CD4 T cells to
stimulate antibody synthesis by primed B cells in vivo. It
was not possible to recover transgenic T cells from
directly primed DO11.10 mice. We confirmed what others
have reported,” that transgenic T cells that will be
primed by injecting DO11.10 mice directly with OVA
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Figure 1. Model to evaluate the ability of transgenic KJ* CD4" T
cells to provide help for memory B cells. (a) Naive KJ* CD4" T cells
help primed B cells but not naive B cells following sol-OVA chal-
lenge. SCID recipients were injected with 3 x 10° naive KJ* CD4" T
cells together with 107 primed B cells or 107 naive B cells or with
107 primed B cells alone as a control. Mice were challenged i.p. with
10 pg sol-OVA immediately after transfer and anti-OVA antibody
levels were measured on day 14. The values represent the geometric
means + SD of six recipients per group. (b) The effect of antigen
dose on antibody production by primed B cells. SCID recipients
received 107 primed B cells alone (con), or together with 3 x 10
naive KJ* CD4" T cells, and were challenged ip. with 10 pg or
100 pg sol-OVA. The values shown represent the geometric means +
SD of five or two (control) recipients per group. (c) Titration of
primed B cells. SCID recipients were injected with 3 x 10°, 107 or
3 x 107 primed B cells together with 3 x 10° KJ* CD4" T cells; mice
were challenged i.p. with 10 pg sol-OVA immediately after transfer
and bled 14 days later. The values represent the geometric means +
SD of six recipients per group.

could not be identified by phenotype as a source for
transfer. Nor was it feasible to recover large numbers of
primed transgenic T cells following transfer to wild-type
BALB/c hosts. Although KJ* CD4" T cells could be read-
ily identified in BALB/c recipients, they represented less
than 3% of the lymphocyte population at the peak of the
response (day 7) and numbers declined exponentially
thereafter.”**' Hence, transgenic T cells from DO11.10-
SCID donors were transferred to intermediate SCID
recipients where donor T cells could survive longer
because they did not have to compete with host lympho-
cytes for limited resources.’>*> SCID recipients were chal-
lenged with 100 pg ap-OVA and primed transgenic T
cells recovered from lymph nodes 10 days later. Before
transfer, about 90-95% of the KJ* CD4" T cells were
CD45RB" (e.g. Fig. 2a); 10 days following transfer and
challenge, the KJ* CD4" donor T cells were approxi-
mately 70% CD45RB, CD62L" and CD44". Lymph
node cells were depleted of CD45RB™ cells and a popula-
tion that was 97.6% CD45RB' was obtained (Fig. 2b).
CD45RB® KJ* CD4" T cells (3 x 10°) were transferred
with 107 OVA-primed B cells to SCID recipients and
challenged with sol-OVA. For a direct comparison,
3 x 10° CD45RB™ KJ* CD4" T cells (Fig. 2a) from naive
DO11.10-SCID donors were transferred with 10" OVA-
primed B cells and challenged with sol-OVA. As a con-
trol, 107 B cells were also transferred on their own. Apart
from a small difference at day 7 the help provided by
naive transgenic T cells was nearly equal to that of
primed transgenic T cells (Fig. 2¢). To confirm this unex-
pected result, the experiment was repeated with a lower
dose of KJ* CD4" T cells (1 x 10°) and the response was
measured at day 5, a point where low levels of antibody
were just within the limits of detection (Fig. 2d). The
results were similar to the above experiment. Apart from
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Figure 2. Comparison of help provided by naive and primed
KJ* CD4" T cells for primed B cells. (a) A representative analysis of
naive KJ* CD4" T cells from DO11.10-SCID donors expressing a
CD45RB™ phenotype. (b) An analysis of primed KJ* CD4" T cells
used for injection recovered from intermediate SCID mice injected
10 days earlier with 100 ug ap-OVA-pep and depleted of CD45RB™
T cells. SCID recipients were injected with 3 X 10° (c) or 1 x 10° (d)
naive or primed KJ* CD4" T cells together with 107 primed B cells,
challenged immediately with 10 pg sol-OVA, and antibody levels
measured on selected days. Control groups received 10" B cells alone.
Values represent the geometric means + SD of six recipients per
group (naive vs primed, *P < 0-05).

a small transient difference on day 7, naive transgenic T
cells were as capable as primed transgenic T cells on a
cell-for-cell basis in helping memory B cells produce anti-
body.

Number of transgenic T cells determines levels
of antibody response

Following proliferation of specific T and B cells during
the primary response, some members of the clonally
expanded population remain and are responsible for
long-term memory. It was of interest to determine whe-
ther the size of the secondary response was controlled by
the number of CD4 T cells. The experiment in Fig. 1(c)
showed that when CD4 T cells were in excess, the size of
the antibody response was a function of the number of
primed B cells available. To determine the effect of CD4
T-cell numbers, the response by 107 primed B cells,
cotransferred to SCID recipients with increasing numbers
of naive KJ* CD4" T cells (10% 3 x 10%, 10°, 3 x 10° or
3 x 10°) was measured following challenge with 10 ug
s0l-OVA. The antibody response obtained with 10* trans-
genic T cells was just above background (Fig. 3) and
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Figure 3. The response by primed B cells is limited by the number
of transgenic T cells transferred. SCID recipients were injected with
107 primed B cells together with graded doses of KJ* CD4" T cells,
challenged i.p. with 10 pg sol-OVA immediately after cell transfer
and serum was collected on day 14. The values represent the geomet-
ric means + SD of four to six recipients per group.

3 x 10° transgenic T cells induced a near maximum
response; 10-fold more transgenic T cells did not signifi-
cantly increase antibody levels further. The titration of
naive transgenic T cells showed that the amount of
antibody produced by the same cohort of memory
B cells correlated directly with the dose of CD4 T cells
transferred.

IL-2 was required for the primary but not the
secondary antibody response

The role of cytokines has been extensively studied in the
primary antibody response but very little is known of the
cytokine requirements for stimulating memory B cells.
The fact that naive transgenic T cells provided help for
memory B cells suggested that the requirements for sti-
mulating memory B cells were less stringent and that
cytokines produced by naive T cells, e.g. IL-2,* may be
involved. Our first examination of the role of IL-2 was to
transfer primed B cells alone to SCID mice in the absence
of T cells, challenge with sol-OVA and treat the recipients
with human recombinant IL-2 (rIL-2). Human rIL-2 has
been used successfully in numerous murine studies.”>>¢
SCID recipients received 10’ memory B cells and were
injected twice daily with 3 x 10° IU of rIL-2 i.p. on days
1, 2, 3 and 4 after cell transfer. No antibody synthesis was
detected (data not shown). This experiment would not
exclude the possibility that primed B cells required T-cell-
derived signals in addition to IL-2. To test this possibility
we made use of IL-27 knockout (KO) mice®” that had
been back-crossed onto the DO11.10 strain (transgenic
IL-277)%. Studies showed that naive CD4 T cells from
IL-27" mice were unable to induce IgM antibody synthe-
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sis by naive B cells in vitro”” although these mice had
normal IgM and elevated IgG1 serum levels and produced
a normal IgM response to a viral challenge.”® To assess
their function in vivo, naive KJ* IL-27~ CD4" T cells were
transferred with naive B cells to SCID recipients and
injected with the adjuvant form of OVA (ap-OVA) to
induce a primary antibody response. In comparison with
KJ" CD4" T cells from the wild-type strain, the trans-
genic-IL-2 KO T cells were markedly deficient in inducing
a primary response (Fig. 4a). To test their ability to pro-
vide help for a secondary response, naive transgenic IL-2
KO T cells were transferred with primed B cells to SCID
recipients and challenged with sol-OVA. In an initial
experiment the antibody response at day 7 in the trans-
genic IL-27~ group was reduced compared with the
wild-type transgenic T cells (P < 0.05) but there was no
difference at day 14 (data not shown). Since this small
difference could have arisen by normal variation, the
experiment was repeated and included a group receiving
rIL-2. In contrast with the primary response, naive trans-
genic IL-27" T cells provided help that was equivalent to
that of conventional KJ* CD4" T cells (Fig. 4b); the addi-
tion of rIL-2 did not enhance the response. There was no
evidence that IL-2 was required to stimulate memory B
cells.

Discussion

The present investigation explored the role of CD4 T
cells, not in generating memory B cells, but in stimulating
them into antibody synthesis once they had been pro-
duced. Although responsible for the classic secondary
response, very little is known of the signals required from
CD4 T cells to transform resting memory B cells into
antibody production. A detailed analysis of the memory
response has been constrained by the low frequency of
antigen-specific CD4 T cells in wild-type animals and the
paucity of reagents that recognize the TCR for major histo-
compatibility complex class II-presented peptides.

The DO11.10 strain provided a source of TCR-specific
CD4 T cells that could be used quantitatively to pro-
vide help for OVA-specific memory B cells. Using this
model it was possible to explore the effects of both naive
and antigen-primed CD4 T cells. In agreement with
in vivo®>>* and in vitro*' studies, sol-OVA challenge
induced a majority of the KJ* CD4" T cells to express the
typical CD45RB° CD62L'° CD44™ phenotype associated
with primed T cells. Hence, antigen-primed CD45RB"
transgenic T cells were used in the present study to pro-
vide help for memory B cells. At an early stage in the
investigation it became apparent that naive transgenic T
cells were quite capable of helping memory B cells pro-
duce antibody; no pre-encounter with antigen was neces-
sary. Although others have shown the effects of a high
frequency of transgenic T cells in generating an enhanced
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Figure 4. Transgenic T cells from DO11.10-IL-27" mice help
memory but not naive B cells produce antibody. (a) Primary
response: SCID mice received 10’ naive B cells from non-immun-
ized mice together with 3 x 10° T cells from naive DO11.10-
IL-27" mice (IL-2 KO), or from naive conventional DO11.10 mice
(KJ) or received no transgenic T cells. All recipients were chal-
lenged with 100 pug ap-OVA on the day of transfer. Values repre-
sent the geometric means + SD of six recipients per group (IL-2
KO versus KJ: *P < 0-05; ***P < 0-001). (b) Secondary response:
SCID mice were injected with 107 B cells from OVA-primed mice
together with 3 X 10° naive transgenic T cells from DO11.10-IL-
277 (IL-2 KO), or DO11.10 donors (KJ), or 3 x 10° T cells from
DO11.10-IL-27" mice plus twice daily injections of 3 x 10° IU
rIL-2 per day for 6 days (IL-2 KO + IL-2), or no T cells (pr B
cells only). All recipients were challenged with 10 pg sol-OVA on
the day of transfer. Values represent the geometric means + SD of
six recipients per group.
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primary antibody response,*” to our knowledge the pre-
sent study is the first report to show that the size of the
memory B-cell response was limited by the frequency of
antigen-specific T cells. Transgenic T cells that had been
deliberately stimulated in vivo with OVA and expressing
the CD45RB" isoform increased antibody production sig-
nificantly 7 days after challenge (P < 0.05) but not at ear-
lier (day 5) or later (days 14-21) times. The modestly
enhanced, although transient, antibody synthesis could be
used as evidence to support current concepts as to the
value of a primed T-cell population. Alternatively, the
same evidence could be used to argue that primed T cells
offered very little advantage over the naive transgenic T
cells either in the speed of onset or quantity of antibody
produced by memory B cells. The latter view appears to
be at odds with traditional ideas of memory. Perhaps the
results were a product of the experimental model.

It is important to consider the T-cell-deficient environ-
ment of the SCID recipients where unprovoked prolifer-
ation may occur. Perhaps naive transgenic T cells were
activated in the lymphocyte-deficient tissues as a conse-
quence of homeostatic proliferation.*>™*> We do not think
this was likely because other studies have shown that
KJ" CD4" T cells failed to proliferate in the absence
of antigen in either irradiated®® or SCID recipients
(D. Duffy, E.B. Bell, unpublished observations) 1 or
2 weeks after transfer. Even after 3 weeks, only a fraction
of the population transferred to RAG™™ mice proliferated
homeostatically and those that did underwent at most
one or two cycles of division.***” In contrast, the effect of
antigen challenge on the transferred transgenic T cells
would be immediate and long before any influence could
be exerted by the T-cell-deficient host.

Could the results have been a function of the high fre-
quency of antigen-specific T cells transferred, for example,
enabling memory B cells to accept help from an inappro-
priate source. This explanation implies that a naive T
lymphocyte, not yet programmed by antigen contact,
could provide the precise requirements for memory B
cells simply by force of numbers. Such a hypothesis
would be difficult to defend. The memory B-cell response
was also very sensitive to T-cell dose. Large numbers of
transgenic T cells were not required and the injection of
as few as 30 000 naive transgenic T cells was able to evoke
a sizable response.

Given that the model was optimized for naive trans-
genic T cells, could this have obscured the benefits of a
primed population? Perhaps the premium effects of
primed transgenic T cells would have been observed had
lower numbers of transgenic T cells been transferred or a
lower dose of sol-OVA used for challenge. In fact, in vitro
studies showed that primed transgenic CD4 T cells were
more sensitive to antigen-induced proliferation.”'”*
Although the present evidence does not include a full
titration of primed transgenic T cells or the use of smaller
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antigen doses, the experiments were deliberately designed
to allow detection of an enhanced response by primed
transgenic T cells. The antigen dose used (10 pg sol-
OVA) was exceptionally low, 10-fold below the usual dose
and insufficient to generate a maximum response from
the same cohort of primed B cells (Fig. 1b). We showed
elsewhere that the effect of reducing the antigen dose
in vivo was to reduce the number of transgenic T cells
that were recruited into the response.”® The two doses of
transgenic T cells transferred (3 X 10° and 10°) were both
suboptimal for the number of memory B cells transferred.
Note also that the amount of antibody produced by the
low dose of primed T cells was proportionally lower
(Fig. 2¢,d). Further experimentation will help to clarify
these issues. However, on a cell-for-cell basis, the present
results suggested that naive transgenic T cells were nearly
as effective as those that had been preprimed.

The effectiveness of naive T cells*>*®*° suggested that
help for memory B cells may need to be viewed anew.
Primed and naive T cells appeared to share a common
property crucial for memory B-cell stimulation. Surpris-
ingly the literature revealed very little information on
cytokine requirements for activating memory B cells
in vivo. One in vitro study showed that induction of I1gG1
synthesis by primed B cells could occur via two separate
pathways, one involving IL-2, and the other involving
IL-4 and IL-5.°° Since the major cytokine produced by
naive transgenic T cells was IL-2,”* we examined whether
it was required by memory B cells. Injections of rIL-2
plus antigen in the absence of T cells failed to stimulate
memory B cells. DO11.10 T cells lacking IL-2 (transgenic
IL-277)?® stimulated primed B cells to produce a strong
secondary antibody response which was not enhanced by
the addition of rIL-2 injections. Although IL-2 was not
required to help memory B cells it was required for a pri-
mary antibody response in agreement with the work of
others.””"** DO11.10-IL27" T cells were unable to help
naive B cells produce antibody. It remains to be seen
whether cytokines represent the shared element between
naive and primed T cells.

The present study is not the only investigation to
report an effect of unprimed T cells in a memory
response. Leclerc et al.”> found that memory B cells
responded to defined B-cell and T-cell viral epitopes in
the absence of primed T helper cells. In addition, using
CD4 T cells from wild-type rather than transgenic mice,
CD45R™ T cells from naive donors readily stimulated
OVA-specific memory B cells into antibody synthesis fol-
lowing adoptive transfer.”> However, not all investigators
have found naive CD4 T cells to be as effective as primed
T cells. In a model assessing protection against viral infec-
tion, Maloy et al.”* reported that naive transgenic CD4 T
cells (tg7) specific for a vesicular stomatitis virus peptide,
failed to protect wild-type mice, whereas 10-fold fewer
tg7 T cells, primed in vitro to produce interferon-y, were
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protective. The latter study highlights a major distinction
between T cells designed to provide help for memory B
cells and those, for example, engaged in attacking a viral
infection where rapid production of cytokines is impera-
tive. It has recently become clear that for CD4 T cells to
make the transition from naive to the effector stage
requires two encounters with antigen:®> the first to
instruct a Thl or Th2 programme (antigen presented in
lymph nodes/spleen) and the second to initiate cytokine
production, e.g. at the site of infection. T cells that have
been primed and then driven to an end-stage effector cell
would not represent a long-lived memory T cell. Memory
B cells represent fully committed, class-switched, survi-
ving members of an antigen-driven event.'* There was no
evidence that CD4 T cells, which provide memory B cells
with help, needed to have seen antigen previously or nee-
ded to be programmed to differentiate down a Thl or
Th2 pathway; clearly virgin CD4 T cells sufficed.

It may be relevant to note that only CD45R™ CD4 T
cells are known to have long life-spans.’*>® A recent
study measuring the turn-over of human CD4 T cells
in vivo>® observed that naive T cells were very long-
lived (dividing on average less than once a vyear)

whereas both so-called ‘effector/memory’ (CD45RO™
CD62L"° CCR77) and ‘central memory’ (CD45RO*
CD62L™ CCR7') subsets were relatively short-lived

(half-lives of 6 and 17 days, respectively). The observa-
tion that antigen-primed CD45R' CD4 T cells revert to
a CD45R™ naive phenotype in the absence of anti-
gen*>?*?! suggests that a higher frequency of previously
primed, but with time quiescent, CD45R™ T helper
cells could be responsible for ensuring that immunolo-

gical memory is long-lived.
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