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SUMMARY

Although it is well established that CD4+ T cells generally recognize major histocompatibility

complex (MHC) class II molecules, MHC class I-reactive CD4
+
T cells have occasionally been

reported. Here we describe the isolation and characterization of six MHC class I-reactive

CD4+ T-cell lines, obtained by co-culture of CD4+ peripheral blood T cells with the MHC

class II-negative, transporter associated with antigen processing (TAP)-negative cell line, T2,

transfected with human leucocyte antigen (HLA)-B27. Responses were inhibited by the MHC

class I-specific monoclonal antibody (mAb), W6 ⁄32, demonstrating the direct recognition of

MHC class I molecules. In four cases, the restriction element was positively identified as HLA-

A2, as responses by these clones were completely inhibited by MA2.1, an HLA-A2-specific

mAb. Interestingly, three of the CD4+ T-cell lines only responded to cells expressing HLA-

B27, irrespective of their restricting allele, implicating HLA-B27 as a possible source of pep-

tides presented by the stimulatory MHC class I alleles. In addition, these CD4
+

MHC class I

alloreactive T-cell lines could recognize TAP-deficient cells and therefore may have particular

clinical relevance to situations where the expression of TAP molecules is decreased, such as viral

infection and transformation of cells.

Keywords antigen presentation; CD4+ T cells; human studies; MHC class I

INTRODUCTION

It is well established that major histocompatibility complex
(MHC) class I and class II molecules are recognized by
CD8+ and CD4+ T lymphocytes, respectively. This

association is a result of positive selection in the thymus;

however, it appears that thymic selection may not be
absolute, as many exceptions to this general rule have been
reported, with both MHC class II-reactive CD8+ T cells1–5

and MHC class I-restricted CD4+ T cells6–11 being identi-

fied. Although the biological significance of T cells breaking
the general rules of recognition remains unknown, it is
intriguing that MHC class I-restricted CD4+ T cells have

mainly been identified amongst tumour-infiltrating
lymphocytes, or isolated following culture with tumour
cells,12–19 perhaps suggesting a protective anti-tumour role

for these cells in vivo. Indeed, MHC class I-reactive CD4+

T cells are capable of inducing inflammatory responses20,21

and thus these minor populations of CD4+ T cells, which

exhibit unconventional recognition, may play a role in
immune responses, either protective (in the case of immune
responses to viruses8,9 or tumours) or detrimental (in the
case of alloreactive responses that can result in the rejection

of transplanted organs or in autoimmune responses).
We have investigated whether the occurrence of T cells,

capable of interacting with the ‘wrong’ restriction element,

potentially has a role in one group of inflammatory
diseases – the spondyloarthropathies (SpA) – isolating
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CD4+ T cells that interacted directly with the MHC class I
molecule human leucocyte antigen (HLA)-B27.22 Although
there are a variety of hypotheses to explain the association
of HLA-B27 with SpA, the mechanism underlying the

role of HLA-B27 in disease is still undefined, even after
30 years of research.23,24 Current hypotheses include HLA-
B27 functioning as a restriction element for CD8+ T

cells,25–28 the expression of unusual forms of HLA-B27
(such as homodimers) causing disease,29,30 either by gen-
erating endoplasmic reticulum (ER) stress or through

recognition by immune receptors other than the T-cell
receptor (TCR), such as natural killer (NK) receptors.31,32

Evidence from HLA-B27 transgenic animals has also raised

the possibility that CD4+ T cells are important in dis-
ease.33,34 Recently, HLA-B27-restricted CD4+ T cells have
been characterized in mice transgenic for both HLA-B27
and a human HLA-B27-restricted TCR.35 This, together

with our characterization of HLA-B27-reactive CD4+

T cells from a patient with ankylosing spondylitis, supports
the possible involvement of MHC class I-reactive CD4+

T cells in spondyloarthropathy.
We isolated such cells by co-culturing highly purified

CD4+ T cells from humans with the MHC class II-negative,

TAP-negative cell line, T2, transfected with HLA-B27 (T2-
B27). This cell line also expresses very low levels of HLA-
A2, -B51 and -Cw1 on its surface, and here we describe the
characterization of HLA-A2- and HLA-B51-reactive CD4+

T cells isolated from this co-culture system. Although CD4+

T cells, reactive to HLA-A2 expressed on T2 cells, have
previously been reported,11 four of the T-cell lines charac-

terized here only recognized HLA-B27+ cells, suggesting
that HLA-B27 acts as a source of peptides presented by
HLA-A2 or -B51. We have also investigated whether these

T cells only respond to TAP-deficient cells, but find that
whereas some of the CD4+ T cells only recognized TAP-
deficient cells, others showed enhanced responses to HLA-

A2 and HLA-B51 in the presence of TAP. These T cells
represent a further unusual reactivity by CD4+ T cells, and
have implications for our understanding of the interaction
of the TCR with MHC. In clinical contexts this unusual

alloreactivity may also have clinical relevance.

MATERIALS AND METHODS

Isolation of CD4+ T lymphocytes
Peripheral blood mononuclear cells (PBMCs) were isolated
from the blood of two healthy individuals, LB (HLA-A2,

-A29, -B27, -B44, -Cw1, -Cw16, -DR7) and SB (HLA-A3,
-B27, -B39, -Cw12, -Cw16, -DR7, -DR16), and from two
patients with ankylosing spondylitis, CC (HLA-B27, -Cw1,

-DR1) and MM (HLA-A2, -A32, -B7, -B27, -Cw2, -Cw7,
-DR15, -DR11), by Ficoll–Hypaque (Amersham Phar-
macia Biotech, Bucks., UK)-gradient centrifugation.
Monocytes were removed from PBMCs by adherence.

Non-adherent cells were incubated at 4� with the following
monoclonal antibodies (mAbs) at titrated concentrations:
the CD8-specific mAb, UCHT4, the CD11b-specific mAb,

OKMI, the CD19-specific mAb, BU12 (all kind gifts from
P. Beverley, Jenner Institute, Oxford), the CD16-specific

mAb, DJ130c (Dako, Ely, UK), and the CD56-specific
mAb, MEM-188 (a gift from V. Horejsi, Academy of Sci-
ences of the Czech Republic). After removal of excess mAb,
sheep anti-mouse immunoglobulin G (IgG)-coated mag-

netic beads (Dynal AS, Oslo, Norway) were added to the
cells. Cells labelled with beads were subsequently removed
using a MACS magnet (Miltenyi Biotec, Bisley, UK). Three

rounds of negative selection resulted in the isolation of
CD4+ T-cell populations of 95% purity.

Cell lines
The following cell lines were used: T2 (negative for TAP1
and TAP2, LMP2 and LMP7, and MHC class II);36

721.220(220) (negative for HLA-A and -B, and tapasin);37

and C1R (hemizygous for the HLA complex).38,39 These
cell lines were also transfected with HLA-B*2705. In

addition, Epstein–Barr virus-transformed lymphoblastoid
cell lines (EBV-LCLs) were produced from PBMCs, as
previously described,40 and T2-B27 cells reconstituted with

TAP1 and TAP2 (T2-B27-TAP) were also used (a gift from
R. Colbert, Children’s Hospital Medical Center, Cincin-
nati, OH). Non-transfected cell lines were maintained in
standard culture medium [RPMI 1640 (Gibco Life Tech-

nologies, Paisley, UK) containing 5% heat-inactivated fetal
calf serum (Sigma, Poole, Dorset, UK), 20 mm HEPES
(Sigma), 2 mm glutamine (Sigma), 100 lg ⁄ml streptomycin

(Gibco Life Technologies) and 100 U ⁄ml penicillin (Gibco
Life Technologies)] and transfected cell lines were main-
tained in standard culture medium supplemented with

0Æ5 mg ⁄ml Geneticin G418 sulphate (Gibco Life Technol-
ogies) to maintain stable transfection.

Co-culture of CD4+ T cells with T2-B27
A total of 5 · 103 irradiated (60 gray) T2-B27 cells were
added, to each 0Æ2-ml well of a 96-well plate, in T-cell cul-

ture medium [RMPI 1640 containing 5% heat-inactivated
human AB serum (First link, Wolverhampton, West Mid-
lands, UK), 20 mm HEPES, 100 lg ⁄ml sodium pyruvate

(Sigma), 1 · MEM non-essential amino acids (Sigma),
2 mm glutamine, 100 lg ⁄ml streptomycin and 100 U ⁄ml
penicillin). Between 1 · 103 and 3 · 104 purified CD4+ T
lymphocytes were added, per well, to T2-B27 cells. The cells

were incubated for 6 days at 37� and subsequently main-
tained in T-cell culture medium supplemented with
10 U ⁄ml recombinant interleukin-2 (rIL-2) (Chiron, Hare-

field, Middlesex, UK) for 6 weeks. Wells with proliferating
cells were detected using light microscopy. T-cell lines were
restimulated with irradiated T2-B27, as required.

T-cell proliferation assays
Proliferation assays were performed at 37� by culturing

2 · 104 T cells with 5 · 103)2Æ5 · 104 irradiated stimulator
cells per well. Plates were cultured for 3 days, then pulsed
with 1 lCi ⁄well methyl-[3H]thymidine (methyl-[3H]TdR)

(Amersham Pharmacia Biotech). After 6 hr, cells were
transferred onto printed glass-fibre filter mats (Wallace-
Perkin-Elmer, Warrington, UK). [3H]TdR incorporation

was analysed using a b-plate counter (Wallace-Perkin-
Elmer). T-cell proliferation, displayed as D counts per
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minute (c.p.m.), was determined by subtracting background
[3H]TdR incorporation of stimulator cell lines from total
[3H]TdR incorporation.

mAb inhibition studies
The following mAbs were used in inhibition studies at a

final concentration of 10 or 20 lg ⁄ml; the HLA-A, -B, and -
C-specific mAb, W6 ⁄32, the HLA-B7 and -B27-specific
mAb, ME1, the HLA-DR-specific mAb, L243, the HLA-
A2-specific mAb, MA2.1, the free MHC class I heavy

chain-specific mAb, HC10 (a kind gift from H. Ploegh,
Harvard University, Boston, MA), and the CD4-specific
mAb, Campath-9H (a gift from J. Issacs, University of

Leeds, UK). The MHC-specific mAbs were incubated with
stimulator cell lines for 1 hr at 37� before the addition of
T cells. The CD4-specific mAb was incubated with T cells

for 1 hr at 37� before the addition of stimulator cell lines.
T-cell proliferation was determined by measuring [3H]TdR
incorporation, as described above.

TCR expression
TCR-b and -a chain variable-region DNA was amplified by

polymerase chain reaction (PCR) from cDNA using
methods previously described.41,42 The PCR-amplified
TCR was sequenced using a constant-region specific

oligonucleotide primer and big dye biochemistry (Perkin-
Elmer, Wokingham, UK) on an ABI automated sequencer.

Flow cytometry
Fluorescence-conjugated antibody specific for CD3 (Dako),
CD4 (P. Beverley), CD8 (Dako), CD16 (Dako), CD56

(Dako), TCR-ab (Pharmingen), TCR-cd (Pharmingen) and
mouse IgG (Dako) were used to determine the purity of
CD4+ T-cell separation and the phenotype of isolated

CD4+ T-cell lines. MHC expression on stimulator cell lines
was determined using non-conjugated mAbs L243, W6 ⁄32,
ME1 and HC10, followed by detection using anti-mouse
IgG–fluorescein isothiocyanate (FITC) mAb. Flow cytom-

etry data were collected on a FACSort (BD Biosciences)
and analysed using WinMDI.

RESULTS

Isolation of T2-B27-reactive CD4
+

T cells

To investigate whether an unusual interaction can occur
between human CD4+ T cells and MHC class I molecules,

we developed a limiting-dilution co-culture system using
T2-B27. T2-B27 does not express any MHC class II mole-
cules; therefore the stimulation of MHC class II-restricted
CD4+ T cells is prevented. Owing to its deficiency in the

peptide transporter, TAP, T2-B27 expresses a low level of
MHC class I molecules, although HLA-B27 expression is
relatively preserved in the absence of TAP. We have pre-

viously reported the isolation of HLA-B27-specific CD4+

T-cell lines that proliferated in response to three HLA-B27
transfected cell lines T2-B27, 220-B27 (721.220 cell

line transfected with HLA-B*2705) and C1R-B27 (C1R cell
line transfected with B*2705), but not to T2, 220 or C1R.22

However, in addition, co-cultures with T2-B27 resulted in
the isolation, from all B27+ individuals tested, of numerous
CD4+ T-cell lines that proliferated in response to T2-B27
and ⁄or T2, but to none of the other HLA-B27-transfected

stimulator cell lines.
To identify the molecules recognized by these CD4+

T cells, analysis was performed on four T2-B27-reactive

CD4+ T-cell lines (SB2, LB23, CC26, CC18), from three
separate donors, which showed proliferation in response to
T2-B27, but not to non-transfected T2, and, in addition,

two CD4+ T-cell lines (MM15 and MM12) from a fourth
donor that showed proliferative responses to both T2 and
T2-B27, but not to the other stimulator cell lines (Fig. 1).

Analysis of TCR expression by reverse transcription (RT)–
PCR showed each of the lines to express one or two TCR-A
and one or two TCR-B chains (data not shown), consistent
with their being clonal or perhaps, in some cases, biclonal.

As T2-B27 does not express MHC class II molecules, these
CD4+ T-cell lines are not conventional MHC class
II-restricted CD4+ T cells. Nevertheless, the responses to

T2-B27 were shown to be dependent on the CD4
co-receptor, as inhibition of the responses was observed in
the presence of a blocking CD4-specific mAb (Fig. 2).

Differential responses to T2-B27 reconstituted with

TAP molecules

To determine if the molecules recognized by the panel of

T2-B27- or T2-reactive CD4+ T-cell lines were dependent
on the deficiency of TAP in T2, the ability of the CD4+

T-cell lines to proliferate in response to T2-B27 reconsti-

tuted with TAP1 and TAP2 (T2-B27-TAP) was investi-
gated. Two patterns of reactivity towards T2-B27-TAP
were observed (Fig. 3); three of the CD4+ T-cell lines

showed increased proliferative responses to T2-B27-TAP
compared to T2-B27 (SB2, LB23, MM15), while three of
the lines exhibited decreased responses to T2-B27-TAP

compared to T2-B27 (CC26, CC18, MM12). Therefore, the
T2-B27- and T2-reactive CD4+ T-cell lines differ in the
structure they recognize, with some recognizing antigenic
peptides (or HLA conformations) whose availability is

enhanced by the presence TAP, and others whose presence
is favoured by the absence of TAP.

An MHC class I-specific mAb inhibits the proliferative

responses of the CD4+ T-cell lines to T2-B27

To identify the molecules recognized by the CD4+ T-cell

lines, the ability of a panel of mAbs, specific for MHC
molecules, to inhibit the proliferative responses to T2-B27,
was tested (Fig. 4). As expected, no significant inhibition

was observed using the HLA-DR-specific mAb, L243, as
T2-B27 is MHC class II negative (although slightly lower
responses were observed by CC18, MM15 and MM12 in
the presence of L243, the responses were similar to those

found in the presence of HC10, which has the same isotype
as L243; therefore, this slight decrease was not considered
to be significant). In contrast, complete inhibition of

responses by all of the CD4+ T-cell lines to T2-B27 was
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observed with W6 ⁄32, a mAb that recognizes MHC class I

heavy chains associated with b2m. This suggests that
these CD4+ T-cell lines indeed recognize an MHC class I
molecule. As T2-B27 expresses HLA-A2, HLA-B51 and

HLA-Cw1,43 together with transfected HLA-B27, any one
of these MHC class I molecules could be recognized on the

surface of T2-B27. Direct recognition of conventional
HLA-B27 ⁄b2m heterodimers was unlikely in view of the

lack of complete inhibition with the HLA-B27-specific
mAb, ME1, in marked contrast to the HLA-B27-reactive
CD4+ T cells that we have previously reported. However,

for four of the six CD4+ T-cell lines (LB23, CC26, CC18,
MM15), complete inhibition of responses was observed
using the HLA-A2-specific mAb MA2.1, identifying HLA-
A2 as the MHC class I molecule recognized by these T cells.

As three of the lines responded to T2-B27, but not to T2,
these results are consistent with the recognition of an HLA-
B27-derived peptide presented by HLA-A2; in one case

(LB23), the peptide’s availability was enhanced when TAP
was present, whereas for the other two (CC18 and CC26),
the peptide was only presented efficiently when TAP was

absent. In contrast, MM15 recognized HLA-A2 presenting
a peptide that is available in both T2 and T2-B27, and
preferentially transported by TAP. As for the other two

CD4+ T-cell lines, SB2 and MM12, as they were inhibited
by W6 ⁄32 but not with ME1 or MA2.1, it is probable that
they recognize either HLA-B51 or HLA-Cw1.

Some MHC class I-reactive CD4
+

T-cell lines proliferate

to EBV-LCL

To determine further the nature of MHC class I recognition

by these CD4+ T-cell lines, we tested their ability to
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respond to a panel of HLA-typed EBV-LCLs (Table 1).
Three of the CD4+ T-cell lines (SB2, CC26, MM15) did not
proliferate to any of the EBV-LCL lines tested (Fig. 5). For
CC26 this is expected as there was no response to T2-B27-

TAP, and all the LCL express TAP normally. The results
for MM15 are consistent with recognition of a TAP-
dependent peptide present in the cell line T2, but not

generally present in LCL. However, although SB2 did not
recognize any LCL, it showed significant proliferative

responses to the EBV-negative, MHC class II-negative
myeloid cell line, U937 (data not shown), which, like T2,
expresses HLA-B51 and HLA-Cw1. As no HLA-Cw1 LCL
were recognized, HLA-B51 seems the most probable

restriction element, unless U937 and T2 share an antigenic
peptide lacking in all the HLA-Cw1+ LCL tested, in which
case HLA-Cw1 could still be the restricting element. The

ability of SB2 to recognize T2-B27, rather than T2, in the
absence of TAP, suggests that HLA-B27 may be a source of
a peptide which increases HLA-B51 expression in the

absence of TAP, but in TAP-expressing cells, such as U937,
this is not required. However, these suggestions are specu-
lative because we have been unable to measure directly the

surface expression of HLA-B51.
The other three T-cell lines showed proliferative

responses to selected EBV-LCLs. For LB23 and CC18, the
pattern of recognition of EBV-LCL correlated with the

LCL expression of HLA-A2 and -B27; LB23 recognized all
HLA-A2 ⁄B27-positive cell lines tested, whereas CC18
showed a more restricted pattern of recognition of HLA-

A2 ⁄B27-positive cell lines; the responses by CC18 were at a
low level compared with recognition of T2-B27, consistent
with the inhibition of response by the presence of TAP. The

mAb, MA2.1, completely inhibited recognition of these
EBV-LCLs (data not shown), suggesting that the CD4+
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T cells can also recognize HLA-A2 on MHC class
II-positive cells, and not merely on MHC class II-negative
cell lines. For LB23, responses to HLA-A2 ⁄B8+ LCL were
observed in addition to those to HLA-A2 ⁄B27, suggesting
that both HLA-B8 and -B27 may contribute similar pep-
tides that can bind to HLA-A2 and be recognized by
LB23. By aligning the two recognized HLA-B alleles –

HLA-B27 and HLA-B8 – with one not recognized, HLA-
B51, we identified amino acids that were shared by the
two recognized alleles, but absent in HLA-B51. Using

the eptiope-prediction programme, syfpeithi (http://
syfpeithi.bmi-heidelberg.com), three peptide epitopes
(QSEAGSHTL, TLQSMYGCD, QRKWEAARV), from

the peptide-binding groove of HLA-B27 ⁄B8, were predic-
ted to be HLA-A*0201, with significant scores. Peptides
from the corresponding sequence in HLA-B51 had negative
or significantly lower scores. Similar peptides may also be

recognized by CC18, which also exhibited recognition of
both B27- and B8-positive cell lines. For CC26, the peptide
appears to be specific to HLA-B27 and hence is likely to

include unique residues around the peptide-binding groove.
MM12 also responded to four EBV-LCLs, albeit at a

low level, again consistent with the inhibitory effects of

TAP expression by the LCL. Interestingly, the stimulatory
EBV-LCL included the autologous cell line (Fig. 5); all the
other clones failed to respond to the autologous EBV-LCL,
suggesting that they were alloreactive. As responses of

MM12 to T2 were not HLA-A2 restricted (but were

Table 1. Human leucocyte antigen (HLA) molecules expressed by

the panel of cell lines

Cell line

HLA alleles expressed

A B C DR

T2 A2* B51* Cw1* –

T2-B27 A2* B27 B51* Cw1* –

T2-B27-TAP A2 B27, B51 Cw1 –

220 – – Cw1 DR1

220-B27 – B27 Cw1 DR1

C1R – – Cw4 DR12

C1R-B27 – B27 Cw4 DR12

U937 A3,A26 B18, B51 Cw1,Cw3 –

TB A1, A2 B27, B37 Cw1, Cw6 DR1, DR4

MM A2, A32 B7, B27 Cw2, Cw7 DR15,DR11

RT A1, A25 B27, B56 Cw1, Cw2 DR1, DR4

CC – B27 Cw1 DR1

DH A2 B8, B27 Cw1, Cw7 DR1, DR17

AD A2 B44, B27 Cw5, Cw2 DR4

BH A2, A24 B27, B57 Cw1, Cw6 DR7

LB A3, A29 B44, B27 Cw1,Cw16 DR7

SB A3 B39, B27 Cw12,Cw16 DR7, DR16

JCG A1, A2 B8, B62 ND DR3, DR7

SO A2 ND ND ND

JG A1, A2 B8, B44 Cw5, Cw7 DR1, DR4

*Indicates lower expression of HLA alleles owing to a defect in TAP

expression.

ND, not determined; T2-B27, T2 cell line transfected with HLA-B*2705;

T2-B27-TAP, T2-B27 reconstituted with TAP1 and TAP2.
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Figure 5. Proliferative responses are observed to the Epstein–Barr virus-transformed lymphoblastoid cell line (EBV-LCL) by

three of the major histocompatibility complex (MHC) class I-reactive CD4+ T-cell lines. Proliferative responses are expressed

as D counts per minute (c.p.m.) to a panel of EBV-LCL. Proliferative responses to T2-B27 (a T2-cell line transfected with

HLA-B*2705) are shown as a control. Data shown represent the mean values of triplicate results.
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inhibited by W6 ⁄32), and the EBV-LCL that were recog-
nized all share expression of HLA-A2, it is possible that an

HLA-A2-derived peptide is being recognized. However, as
HLA-A2 is the only HLA class I allele common to T2 and
the autologous LCL, MM12 must recognize a peptide

presented by more than one class I allele (e.g. HLA-Cw1 on
T2 or HLA-Cw2 on the LCL). The deduced specificities of
the six clones are summarized in Table 2.

DISCUSSION

To determine whether CD4+ T cells could interact with
MHC class I molecules, we co-cultured highly purified

CD4+ T cells with theMHC class II-negative stimulator cell
line, T2, transfected with HLA-B27. Although we sought
initially to determine whether CD4+ T lymphocytes could

interact directly with HLA-B27, the co-culture system we
developed resulted in the isolation of a panel of CD4+ T
cells that interacted with other MHC class I molecules.

Four of the CD4+ T-cell lines (LB23, CC26, CC18 and
MM15), characterized here, clearly recognized HLA-A2, as
responses to T2-B27 were inhibited by both the MHC class
I-specific mAb, W6 ⁄32, and the HLA-A2-specific mAb,

MA2.1. Recognition of HLA-A210,15 (and more specifically
recognition of HLA-A2 expressed on T2) by CD4+ T cells
has previously been described.11 However, unlike these

previously described CD4+ T cells, three of the HLA-A2-
restricted CD4+ T cells (LB23, CC26 and CC18) only
responded to T2-B27, and not to T2, suggesting that HLA-

B27 can act as a source of peptide bound to HLA-A2, and
that the specificity of the clones is for this combination. The
HLA-A2-restricted response of CC26 and CC18 to T2-B27

was influenced by the defect in TAP expression in the T2-
cell line, as their responses to T2-B27 were significantly
decreased when T2-B27 was transfected with TAP1 and
TAP2 to reconstitute an active peptide transporter. As

CC26 failed to respond to any cells of a panel of EBV-LCL,

many of which express HLA-A2 and HLA-B27, it
appears that CC26 recognizes HLA-A2 presenting a

peptide, derived from HLA-B27, that does not require
transportation by TAP. When TAP is expressed, conven-
tional MHC class I-binding peptides may out-compete the

TAP-independent peptide. Although CC18 also exhibited
impaired recognition of HLA-A2 on T2-B27 in the presence
of TAP, this cell line showed a low level of response to some
HLA-A2+ EBV-LCLs, suggesting that it could recognize

both TAP-independent and -dependent peptides; alternat-
ively, HLA-A2 molecules bearing the necessary TAP-
independent peptides may be present at a higher level on

EBV-LCL than on T2-B27-TAP. LB23 similarly showed
recognition of HLA-A2 expressed on T2-B27 and EBV-
LCLs, except that the response to T2-B27 was enhanced

by the reconstitution of TAP molecules. Taken together,
these results point to HLA-B27 being a source for both
TAP-dependent and -independent peptides that can be

bound by MHC class I molecules. Previous studies have
identified peptides from MHC antigens amongst those that
can be eluted from cell-surface class I MHC molecules.44

HLA-B27 contains a large number of peptides predicted to

bind to HLA-A2, which could be tested for recognition by
the CD4+ T-cell lines.

Unlike the other HLA-A2-specific CD4+ T-cell lines

described above, MM15 was not dependent on HLA-B27,
as both T2 and T2-B27 were recognized to a similar extent.
In addition, recognition of HLA-A2 by MM15 is not an

allo-reactive response to MHC, as subject MM is HLA-A2
positive; however, an HLA-A2-restricted alloresponse to a
peptide unique to the T2-cell line, possibly a minor histo-

compatibility antigen, is probable because MM15 did not
respond to the autologous LCL. In this case, the peptide is
more abundant in the presence of TAP, as responses to T2-
B27-TAP were significantly greater than those to T2-B27.

Thus, the HLA-A2-reactive CD4+ T-cell lines contain
examples of the recognition of HLA-A2 as an alloantigen

Table 2. Summary of specificity of cell lines

Recognition of T2 cell lines

Inhibition

Responses to

EBV-LCL Molecule recognizedT2 T2-B27 T2-B27-TAP

SB2 – + +++ W6 ⁄32 No HLA-B51. In the absence of TAP recognizes

a B27-derived peptide presented by B51

LB23 – + +++ W6 ⁄32, MA2.1 Yes

A2+, B27+ LCL

A2+ B8+ LCL

HLA-A2 presenting a B27-derived peptide

whose expression is enhanced by TAP

CC26 – + – W6 ⁄32, MA2.1 No HLA-A2 presenting a B27-derived peptide

only present on TAP-deficient cells

CC18 – + – W6 ⁄32, MA2.1 Yes. Weak responses

to a limited number

of A2+, B27+ or

A2+ B8+ LCL

HLA-A2 presenting a B27-derived peptide

preferentially expressed on TAP-deficient

cells

MM15 + + ++ W6 ⁄32, MA2.1 No HLA-A2 on T2 cells

MM12 + + – W6 ⁄32 Yes. No conserved

pattern of recognition

Possible A2-derived peptide presented by

more than one HLA class I allele

EBV-LCL, Epstein–Barr virus-transformed lymphoblastoid cell line; HLA, human leucocyte antigen; T2-B27, T2 cell line transfected with HLA-B*2705;

T2-B27-TAP, T2-B27 reconstituted with TAP1 and TAP2.
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(binding peptides derived from HLA-B27) and HLA-A2 as
a restriction element for a ‘foreign’ peptide, such as a minor
histocompatibility antigen. The other two CD4+ T-cell
lines characterized showed that additional MHC class I

molecules can be recognized by CD4+ T cells. Thus, SB2
had properties consistent with the recognition of HLA-B51
as an alloantigen, together with a peptide from HLA-B27

(when T2-B27 was recognized), or an equivalent peptide
available in the cell line U937, which is HLA-B27 negative.
The precise specificity of MM12 is difficult to define; its

response to T2 was inhibited by W6 ⁄32, but not by MA2.1,
suggesting recognition of HLA-Cw1 or HLA-B51. How-
ever, responses were seen to certain EBV-LCL that do not

express HLA-Cw1 or HLA-B51. It is possible therefore that
this T cell recognizes an epitope common to several MHC
class I alleles but, interestingly, this ability extends to the
recognition of an epitope expressed by the autologous

EBV-LCL. This activity is similar to that shown by many
self-restricted CD8+ T-cell clones that have concomitant
alloreactivity.3

In all the cases we have described, CD4+ T cells show
unconventional interactions with MHC class I molecules,
but interestingly, these responses were still dependent on

the CD4 co-receptor, as inhibition was observed with a
blocking mAb to CD4. It has been shown, following TCR
triggering, that CD4 is still downregulated in the absence of
co-receptor interaction with MHC, allowing the association

of p56Lck with ZAP-70 and the CD3 f chain.45 Therefore,
although the inhibition observed with anti-CD4 may imply
that the CD4 co-receptor can bind to MHC class I mole-

cules, the inhibitory effect could be a result of interference
with the recruitment of this signalling tyrosine kinase
p56Lck to the immunological synapse.

What is the biological significance of MHC class
I-reactive CD4+ T cells? Although we isolated such cells by
using a non-physiological stimulus in vitro (an MHC class

II-negative cell line with a defect in antigen processing), the
results clearly indicate an ability of CD4+ T cells to engage
with class I MHC antigens, both as alloantigens and as
presenters of allogeneic, and possibly syngeneic, peptides.

In transplantation biology, CD4+ T cells could clearly be
involved in MHC class I-restricted allogeneic responses to
both major and minor histocompatibility antigens, and this

may be relevant clinically. In the case of HLA-B27-associ-
ated diseases, where rodent models implicate an involve-
ment of CD4+ T cells, our results, together with those

previously reported, indicate that interactions between
CD4+ T cells and HLA-B27 can occur. In the present
study, the involvement of HLA-B27 was shown to act as a
source of both TAP-dependent and -independent peptides

that can be presented to CD4+ T cells by other MHC class
I alleles. Whether this property is more evident for HLA-
B27 than other alleles is as yet unclear, but the possibility

that CD4+ T cells, with these anomalous specificities,
might be involved in the pathogenesis of spondyloarthr-
opathy merits further investigation. Finally, our use of a

TAP-deficient cell line to isolate the CD4+ T cells may be
relevant physiologically, as defects in the expression of TAP
molecules commonly occur in vivo, particularly during viral

infection46–49 and transformation of cells.50–54 Inhibition of
TAP by viruses or neoplasia may allow the presentation of
TAP-independent self-peptides. As these will not be
expressed in the thymus (where TAP is active), the T-cell

repertoire will not have been purged of these autoreactive
cells. Our demonstration of the recognition of TAP-inde-
pendent peptides, albeit by CD4+ T cells, indicates that

inhibition of TAP might be a mechanism linking virus
infection and the breaking of self-tolerance. However, the
existence of a CD4+ T-cell repertoire for MHC class I

alleles, which do not require TAP-transported peptides,
could also provide a ‘back-up’ immune response in the
context of viral or tumour immunity, which might be

boosted therapeutically.
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