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Abstract. Tumor expression of major histocompatibility complex antigen (MHC) class I and class II is no� t
e� ssential for the induction of memory T cells. However, induction of MHC class I-restricted effector cytotoxic
T

�
 cells (CTL) appears dependent on MHC class I expression on tumors. Moreover, the effector function of

t
�
umor-specific CTL requires direct recognition of the tumor. In contrast, both the inductive�  and the effector phases

o� f MHC class II-restricted T cells are independent of MHC class II expression on tumors.
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Introduction

The discovery of major histocompatibility complex
(MHC) antigen can be credited in part to the study of
t

�
umor rejection antigens19. Given the fact that T cells,

t
�
he major effector cells in cancer immunity, recognize

a	 ntigenic peptides presented by the MHC molecules2,

6


, 7, 9, 32, it a	 ppears self-evident that tumor cells must

e� xpress MHC antigen on the cell surface in order to
b

�
e recognized by the T cells. Several recent dis-

c� overies in both the fundamental mechanisms of
a	 ntigen presentation and the recognition of tumor and
n� ormal tissue by T cells, however, have made it
necessary to re-evaluate this basic assumption. A re-
a	 ppraisal of this issue leads to several valuable les-
sons for the development of cancer vaccine and
t

�
umor immunotherapy.

Cross-Priming and the Induction of Effector 
v
 s Memory T Cells

T cells recognize antigenic peptide presented by the
M

�
HC. The majority of T cells that express αβ T cell

receptors (TCR) belong to one of two subsets: CD4+

T
�

 cells recognize antigens that have access to the en-
d

�
ocytic pathway and are processed and presented in the

e� ndosomal compartment by MHC class II molecules.
C

�
D8 T cells, on the other hand, recognize antigens that

a	 re either synthesized or being delivered to the cytosol5
�
.

The intact proteins are degraded primarily by the pro-
t

�
easomes, and then the short peptides produced are

t
�
ransported to the endoplasmic reticulum (ER) by an

ATP-dependent transporter. As a result, CD8 T cells
p� rimarily recognize intracellular antigens, and one may
e� xpect CD8 T cells to focus on the targets that have
b

�
oth MHC and the nominal antigen.
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A
�

 notable exception was first documented in an ele-
g� ant paper published almost 25 years ago. BEVAN4 dem-
o� nstrated that, while the recognition of target cells by
t

�
he cytotoxic T lymphocytes (CTL) was restricted by
t

�
he MHC, the priming of CTL was restricted by the host

MHC molecules, not by those on the cells that pos-
sessed the nominal antigens. He termed this phenome-
non “cross-priming” . This paradoxical observation was
reconciled when it was discovered that the host antigen-
-presenting cells (APC) can pick up extracellular anti-
g� ens and process them by the MHC class I pathway17.

Due to cross-priming, one can probably extrapolate
t

�
hat, in the presence of APC, tumor cells may not need

t
�
o express MHC class I in order to induce CTL. This
i

�
s indeed the case as elucidated by HU

�
ANG et al.15, who

w� ere the first to demonstrate the normal priming of
a	 nti-tumor CTL with tumor variants that lacked cell
surface MHC, an observation that we have extended to
a	  plasmocytoma model involving a known antigen14. In
o� rder to determine whether the host APCs are essential
f

�
or cross-priming, HU

�
ANG et al.15 lethally irradiated F1

m� ice and reconstituted them with the bone marrow of
o� ne parent. By studying the MHC-restriction of T cells
p� rimed in the chimeras, it was concluded that the bone
m� arrow-derived cells were essential for the cross-prim-
ing. However, recent observations that the survival of
n� aive T cells requires interaction with a restricting
MHC element11, perhaps on dendritic cells8, have made
t

�
he conclusion of HU

�
ANG et al.15 less definitive. Never-

t
�
heless, the critical involvement of host APC is substan-

t
�
iated by the observation that expression of the costimu-

lator B7 on host APC is required for the induction of
a	 nti-tumor CTL, regardless of B7 expression on the
t

�
umor cells2

�
1.

As a minimal model, one could argue that tumor
c� ells are mere donors of the nominal antigens, and that
i

�
mmature host dendritic cells (DC) infiltrate the tumor,

t
�
ake up tumor antigen, and differentiate into mature DC

a	 s they return to the lymphoid tissue. This hypothesis
is consistent with the recent analysis of tumor-infiltrat-
ing DC2

�
5. This being the case, why would expression

o� f B7 molecules on the tumor cells enhance the induc-
t

�
ion of anti-tumor CTL response, as many groups have

d
�
ocumented3

�
, 10, 23, 27? WU

�  et al.29 suggested that B7
e� xpressed on tumors promotes natural killer (NK) cell
lysis of tumor cells, and the apoptosis of tumor cells
facilitates the uptake of tumor antigen by the host APC.
In addition to the lack of direct supporting evidence,
t

�
his model is also challenged by the observation that

necrotic, but not apoptotic cells induce DC matura-
t

�
ion12, which is considered essential for CTL priming.

However, some groups have reported that apoptotic

c� ells are efficiently processed by DC to stimulate
T cells1.

The need to express B7 molecules on tumors in
o� rder to induce anti-tumoral immunity suggests that tu-
mors may directly stimulate their specific T cells. An
a	 lternative interpretation for the need to improve the
c� ostimulatory activity of tumor cells involves a clearer
d

�
efinition of the type of CD8 T cells, either memory or

e� ffector, that are produced after T cell priming. A suc-
c� essful activation of T cells yields both effector and
memory T cells. An effector T cell kills tumor cells
w� ithout further activation. A memory cell, on the other
h

�
and, lacks cytotoxicity, but can become an effector

shortly after restimulation. We and others have reported
d

�
istinct requirements for the induction of memory vs

e� ffector T cells, including costimulatory molecules20,
TCR ligand affinity13 and the location of production14, 21.
Since most of the previous studies regarding the re-
q� uirement for MHC expression on tumors uses recall
response as the readout, it is most likely that the lack
o� f an active role of tumor cells in T cell priming reflects
t

�
hat of memory T cell induction. We have recently
t

�
ested this hypothesis using tumor variants that lack

MHC class I and/or costimulatory molecules. We ob-
served that, while the induction of memory cells does
not require MHC expression on the tumor cells, such
a	  requirement was readily demonstrated when the ef-
fector cells were measured14. It is possible that the TCR
ligand density produced by the cross-presentation path-
w� ay is somewhat lower than that produced by direct
p� resentation. As such, only memory T cells are induced
in the absence of direct antigen presentation. While this
o� bservation is yet to be substantiated in other tumor
models, this alternative hypothesis would reconcile the
a	 pparent CTL priming by MHC class I– tumors and the
fact that improved costimulation by the tumor’s cells
w� ould increase its immunogenicity.

Requirement of MHC Expression 
for Tumor Rejection

D
�

irect interaction between tumor-specific T cells
a	 nd tumor cells requires recognition of MHC molecules
o� n the tumor cells. The issue of whether tumor cells
need to express MHC in order to be rejected by the
T cells can be rephrased as to whether T cells need to
recognize tumor cells directly in order to reject tumors.
Schreiber and colleagues demonstrated that an MHC
c� lass II-restricted CD4 T clone that recognizes a tumor-
-specific antigen is sufficient to cause tumor rejection
w� ithout the participation of other subsets of antigen-
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-specific lymphocytes. The rejection can be substituted
in part by interferon γ� , and requires the response of
non-lymphocytes in the host to interferon γ� 22.

T
�

he ability of CD4 T cells to reject MHC class II–

t
�
umor cells is reminiscent of studies in the pathogenesis

o� f autoimmune diabetes and experimental autoimmune
e� ncephalomyelitis. Lafferty and colleagues demon-
strated that autoreactive CD4 T cells alone are capable
o� f destroying Langhans’  β-islet cells despite of their
l

 
ack of MHC class II28. This notion is supported by

o� bservations that transgenic mice expressing TCR re-
stricted by MHC class II develop spontaneous, organ-
-specific autoimmune diseases even when the cells that
a	 re destroyed are devoid of MHC class II16, 18. Since
C

�
D4 T cells can not recognize the target cell directly,

t
�
he tissue destruction is most likely caused by the local

inflammatory response.
C

�
D8 T cells are the major effector cells in tumor

r! ejection. Because of the ability of host APC to cross-
-process antigens released from tumors, one may pre-
d

�
ict that CD8 T cells may reject MHC class I– deficient

t
�
umors. However, to our knowledge, no evidence has

b
�
een published that has conclusively demonstrated that

C
�

D8 T cells can reject MHC class I– tumors. On the
c� ontrary, we have demonstrated in mice, which have
p� otent anti-tumor CTL response, that tumors can recur
b

�
y down-regulation of cell surface MHC class I via

malfunction of proto-oncogene PML3
�

0. Most strikingly,
in some recurrent tumors we can observe co-existence
o� f MHC class Ilow tumor cells and effector cytotoxic
T

�
 cells3

�
1. In this regard, it should be pointed out that

d
�
own-regulation of MHC class I is widely observed

a	 mong malignant human cancers24. The ability of tu-
mors to evade CTL recognition by shutting down cell
surface MHC class I expression makes a strong argu-
ment that tumors need to express MHC class I for their
r! ejection by CD8 T cells.

Concluding Remarks

In summary, the requirement of tumor expression of
M

�
HC molecules for immune surveillance by T cells

a	 ppears to vary depending on the class of MHC mole-
c� ules and, consequently, the subset of T cells involved
(Table 1). Most tumor cells lack MHC class II, but can
b

�
e recognized by MHC class II restricted T cells.

Limited studies indicate that CD4 T cells may reject
c� lass II– tumors. For CD8 T cell responses, it is likely
t

�
hat MHC class I expression on tumor cells may not be
r! equired for the priming of memory T cells, although
a	 n optimal induction of effector T cells appears to be

d
�
ependent of MHC class I on the tumor cells. Rejection

o� f tumors by CD8 T cells, however, requires MHC
c� lass I expression. These basic principles suggest that,
f

�
or tumors that share the same antigens, one can design

a	  tumor vaccine across the MHC barrier as long as the
h

�
ost can present some portions of the antigens by the

MHC class I pathway. Moreover, there has been
a	  renewal of interest in the identification of MHC class
II-restricted tumor antigens26. Stimulating tumor spe-
c� ific CD4 T cells may induce a protective immunity
e� ven if the tumor cells are devoid of MHC class II. As
such, tumors will not be able to evade T cell recogni-
t

�
ion by disabling their MHC class II antigen-presenta-

t
�
ion machinery.
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