






suggested to be important in EBV-positiveHodgkin B cell lymphomas that
express LMP2Abut have lost expression of surface Ig (22). TCRexpression
(44) and the Lck and Fyn tyrosine kinases (45) are required to maintain
peripheral naive T cells, raising the possibility that LMP2A-mediated sig-
nals could provide a survival signal for EBV-positive T cell tumors.
Our experiments indicate thatwhen stably expressed in JurkatT cells,

LMP2A does abrogate TCR signaling (see Figs. 6 and 7). However, since
TCR levels were decreased in the LMP2A-expressing cells, we are
unable to distinguish whether the observed decrease in TCR signaling is
due to lower levels of TCR, to the sequestering of tyrosine kinases by
LMP2A, or to both of these events. A reduction in BCR surface expres-
sion has been observed in LMP2A-expressing BJAB cells (46) but not in
LMP2A-expressing RAMOS B cells (47). We also found that surface
expression of the TCR was down-regulated in Jurkat TAg cells tran-
siently expressing LMP2A (data not shown). We are currently investi-
gating how LMP2A inhibits the surface expression of the TCR.

FIGURE 7. LMP2A limits signaling through CD3 and CD28. A, Jurkat cells stably expressing LMP2A (clones 3 and 5) or the parental cell line were stained with a PE-conjugated
anti-CD28 mAb, as described under “Experimental Procedures,” and cell surface expression of CD28 was assessed by FACS. The parental line is indicated in black, clone 3 is shown in
green, clone 5 is shown inred, and the PE-conjugated, isotype control Ab is shown inblue.B, the cell lines indicated inAwere either left unstimulated (�), stimulated with anti-CD3
(CD3) or anti-CD28 (CD28) mAbs alone, or stimulated with both anti-CD3 and CD28 (CD3� 28) together as described under “Experimental Procedures.” Cell lysates were prepared and
analyzed by anti-Tyr(P) immunoblotting (PTyr;upper panel), whereas LMP2A expression was examined by blotting lysates with the anti-LMP2A mAb (middle panel), and tubulin
expression was examined to indicate equal protein loading (lower panel). Thearrow indicates the LMP2A protein. C, lysates prepared inBwere analyzed for Erk activation using
phosphospecific Abs directed against the phosphorylated, activated form of Erk1 and -2 (upper panel). Thelower panelwas reprobed with the anti-Erk Ab. Molecular mass standards
(in kDa) are indicated to the left of the anti-Tyr(P) blot. MAPK, mitogen-activated protein kinase.

FIGURE 8. LMP2A recruits kinases involved in TCR signaling. In T cells, LMP2A recruits
Lck (Fyn) and ZAP-70 (Syk) to its tyrosine-phosphorylated Tyr112 and ITAM motifs,
respectively. Recruitment of NEDD4 proteins to the two PPPPY motifs leads to ubiquity-
lation (Ub) of LMP2A and perhaps LMP2A-associated tyrosine kinases, thereby regulat-
ing the stability of LMP2A-kinase complexes. This effectively limits the degree of signal-
ing through LMP2A and may be important for providing a weak, tonic signal for the
survival of EBV-positive T cell tumors.
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The recruitment of T cell tyrosine kinases to LMP2A suggests that
LMP2A itself has a signaling function in T cells. However, we were
unable to see LMP2A-mediated activation of downstream signaling
events in Jurkat T cells transiently expressing LMP2A (Fig. 4 and data
not shown) or stably expressing LMP2A (Fig. 6). In fact, tyrosine phos-
phorylation of cellular proteins and activation of ZAP-70 and Erk were
reduced in the LMP2A-expressing stable cell lines compared with the
parental cell line. It remains possible that LMP2A-induced signals in
Jurkat T cells are weak and thus hard to observe or that LMP2A has
more pronounced effects in other T cell types. Regardless, our data
clearly show that LMP2A recruits key signaling proteins in T cells.
The in vivo role that LMP2A and, for thatmatter, EBV plays in T cells

is still unclear. It is unlikely that T cells represent an additional reservoir
for latent infection, and most probably infection of T cells represents a
rare, accidental infection that results in an abnormal relationship
between virus and host T cell. It will therefore be important in the future
to look at the function of LMP2A in T cells in the context of EBV-
positive T cell lymphomas and their precursors.
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