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A recent study from our labora-
tory demonstrated that epidermal 

growth factor receptor (EGFR) inhibi-
tors (EGFRIs) augment the expression 
of class I and class II MHC molecules. 
This finding provides an additional 
mechanism through which EGFRIs may 
exert anti-tumor effects and supports 
the notion that EGFRIs may influence 
adaptive immune responses by altering 
immune gene expression.

Recent and ongoing efforts to develop 
inhibitors of the human epidermal growth 
factor receptor (HER) family to treat 
cancer are fueled by the paradigm that 
these receptors play a critical role in driv-
ing tumor cell proliferation, survival and 
migration.1 Because it has been impli-
cated in the pathogenesis of several forms 
of human cancer, enormous efforts have 
focused on the founding member of the 
HER family, the epidermal growth fac-
tor receptor (EGFR, also known as HER1 
and ErbB1). Unfortunately, only a subset 
of patients respond to EGFR inhibitor 
(EGFRI) therapy and there is poor cor-
relation between tumor EGFR protein 
expression and the response to EGFRI 
therapy.2 Indeed, the complexity of signal-
ing in cancer cells suggests that for most 
tumor types, targeting a single enzyme 
or pathway in advanced cancer may be 
insufficient.3 Despite these challenges, 
the incorporation of EGFRIs into clinical 
practice has drawn attention to the immu-
nologic effects that arise in the setting of 
EGFR inhibition. This has been especially 
true for immune responses in the skin. In 
the majority of patients, EGFRIs promote 
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skin inflammation.4 Further, because the 
presence and severity of EGFRI-induced 
skin inflammation correlate with sur-
vival, there has been increased interest 
in understanding how EGFRIs influence 
the expression of immune system genes. 
This is particularly true for genes (and 
their encoded proteins) that can influ-
ence anti-tumor immune responses. In 
this point-of-view article, I will summa-
rize our recent studies demonstrating that 
EGFRIs augment the expression of major 
histocompatibility complex (MHC) class 
I (MHCI) and II (MHCII) molecules.5 
After this, I will try to place these findings 
in context with other recent studies that 
support the notion that EGFRIs may have 
untapped therapeutic value due to their 
effects on immune gene expression.

MHCI and MHCII molecules are cell 
surface glycoproteins that are required for 
the presentation of peptides to CD8+ and 
CD4+ T lymphocytes respectively. As the 
requisite first signal for the activation of T 
cells, MHC molecules are pivotal to adap-
tive immune responses including those 
against tumor cells. Because of this, the 
expression pattern of MHCI and MHCII 
molecules in cancer has received much 
attention. Many studies have demonstrated 
that the expression of MHC molecules can 
influence anti-tumor immune responses, 
prognosis and the immune response to anti-
tumor vaccines.6-8 Thus, new approaches 
to alter the expression of MHC molecules 
on tumor cells are being sought.9

The cross-talk that occurs between the 
IFNγ receptor complex and the EGFR, via 
the shedding of EGFR ligands, suggested 
to us that EGFR-mediated signals may 
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influence the induction of MHC mol-
ecules by IFNγ (Fig. 1A).10 Prior reports 
have demonstrated that if keratinocytes 
are treated simultaneously with an EGFR 
ligand and IFNγ, there is an attenuation 
of MHCII induction.11 Based upon this, 
we hypothesized that EGFRIs would have 
the opposite effect and would therefore 
augment MHCII induction by IFNγ. 
Because MHCII gene expression is largely 
regulated at the level of transcription, we 

focused our initial studies on a critical 
transcriptional regulator of MHCII mol-
ecule expression, the MHCII transacti-
vator named CIITA.12 We found that in 
the presence of an EGFRI, the induction 
of CIITA by IFNγ was augmented, and 
that conversely, in the presence of EGFR 
ligands, CIITA induction was attenu-
ated. Thus, transactivation of the EGFR 
following IFNγ appears to repress CIITA 
induction and when EGFR activation is 

blocked, CIITA induction is increased. 
As expected, when we examined a key 
transcriptional target of CIITA, namely 
the MHCII gene HLA-DR, its induction 
increased in the presence of EGFR inhi-
bition. To explore the role of cell surface 
proteases and EGFR ligands, we repeated 
these experiments using a protease inhibi-
tor and an EGFR-blocking antibody 
with similar results. Thus, the blockade 
of EGFR activation can increase MHCII 
molecules in normal and malignant kera-
tinocytes through a mechanism that likely 
involves CIITA.

In addition to regulating MHCII mol-
ecules, CIITA can regulate the expres-
sion of MHCI molecules.13 Therefore, 
we expanded our analysis to determine 
whether MHCI expression is influenced 
by EGFR inhibition. Unlike MHCII 
molecules that are not expressed by 
most epithelial cell types in the absence 
of cytokines, MHCI molecules are con-
stitutively expressed on most nucle-
ated cells. Therefore, we measured the 
induction of MHCI molecules by IFNγ 
in the presence of EGFRIs and saw an 
increase in MHCI molecule induction in 
this setting. When we examined MHCI 
protein levels in the absence of IFNγ, 
we found EGFRIs alone could augment 
MHCI induction in primary and malig-
nant human keratinocytes. Thus, EGFR 
inhibition, even without inflammatory 
cytokines, can alter MHCI molecule 
expression. This suggests that there is a 
balance between EGFR-mediated signals 
and MHCI and MHCII expression. As 
EGFR activity is decreased, MHCI and 
MHCII expression increases (Fig. 1B). In 
vivo confirmation of the above findings 
were obtained by examining the expres-
sion of MHCI and MHCII protein and 
RNA levels from skin biopsies of patients 
taken before and during EGFRI therapy. 
We found that there was an increase in 
the expression of MHCI and MHCII 
molecules on epidermal keratinocytes 
during EGFRI therapy. However, these 
changes did not necessarily correlate 
with clinical or microscopic inflamma-
tion. This suggests that while an increase 
in MHC expression alone is not sufficient 
to induce clinical inflammation, it may 
prime the skin to react to immunologic 
challenge.

Figure 1. The impact of EGFR activation on MHC expression. (A) Model of events that are involved 
in the repression of MHC expression by the EGFR. Event 1 - In response to IFN-γ, the IFN-γ receptor 
complex is activated which in turn induces the expression of CIITA and subsequently MHC Class 
I and II genes. Event 2 - In response to IFN-γ, cell surface proteases are activated. This event can 
be blocked using inhibitors of cell surface proteases (triangle a). Event 3 - The release of EGFR 
ligands. Event 4 - EGFR ligands bind the EGFR. This event can be blocked using EGFR-ligand block-
ing antibodies (triangle b). Event 5 - In response to EGFR ligand binding, the EGFR kinase activity 
is activated. This event can be blocked with tyrosine kinase inhibitors (triangle c). Event 6 - The 
activated EGFR initiates signal transduction of downstream pathways. This event can be blocked 
using inhibitors of enzymes in these downstream pathways (triangle d). (B) Diagram showing 
the relationship between EGFR activation and MHC expression. As EGFR activity is increased, the 
induction of CIITA and at least some MHC molecules is attenuated. Conversely, in the presence of 
EGFR inhibitors, MHC expression is increased and the production of numerous chemokines and 
cytokines is altered which can influence T cell activation and differentiation.
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The increased levels of MHCI and 
MHCII protein expression that we 
observed would be expected to influ-
ence T cell biology since the density of 
peptide-MHC (pMHC) complexes can 
influence T cell activation and differentia-
tion.14-16 This hypothesis is supported by 
reports demonstrating that EGFRIs can 
alter T cell-driven processes. For exam-
ple, EGFRI therapy has been reported 
to exacerbate psoriasis, a T cell-mediated 
autoimmune disease.18 Additionally, the 
cutaneous eruption induced by EGFRI 
therapy has been reported to be provoked 
by physical trauma (an effect known as 
the Koebner phenomenon), which is seen 
in several T cell-mediated autoimmune 
skin disorders including psoriasis, lichen 
planus and vitiligo.17,18 Finally, there have 
been reports that pre-malignant actinic 
keratoses, whose progression to carci-
noma is at least partially prevented by 
immunosurveillance, can respond to the 
EGFRI erlotinib.19 Animal studies sup-
port the above observations in humans 
and the notion that EGFRIs can influ-
ence T-cell driven immune responses and 
photocarcinogenesis.

Murine studies have demonstrated that 
in addition to systemic therapy, the topi-
cal application of EGFRIs can alter cuta-
neous immune responses. Specifically, the 
topical application of an EGFRI has been 
reported to enhance the elicitation phase 
of contact hypersensitivity, a T cell-driven 
process.20 Further, the immunosuppres-
sive effect of UV radiation (UVR), which 
is derived from the generation of regula-
tory T cells, can be eliminated by the 
topical application of an EGFRI.21,22 Such 
an effect would be expected to be protec-
tive against UVR-induced skin cancers 
since, as eluded to above, they are highly 
immunogenic and controlled by immuno-
surveillance. This too has been reported. 
Specifically, mice treated topically or sys-
temically with as little as a single dose of 
an EGFRI developed fewer and smaller 
UVR-induced skin tumors than con-
trol mice. Importantly, the effects of the 
EGFR inhibitor on EGFR activity were 
short-lived (lasting roughly one day), yet 
the protection lasted for over 10 weeks.23 
While several potential mechanisms may 
be responsible, these findings suggest an 
immune-related mechanism is involved. 

Any changes in MHC expression that are 
induced by EGFRIs are likely comple-
mented by alterations in the expression 
of chemokines and cytokines that pro-
mote immune cell recruitment and/or 
activation. Indeed, EGFRIs are known 
to alter the expression of several chemo-
kines that play a critical role in immune 
cell recruitment and in controlling tumor 
cell proliferation.20,24 Taken together, 
the aforementioned studies suggest that 
EGFRIs can profoundly influence adap-
tive immune responses in the skin at 
least in part by influencing immune cell 
recruitment and the expression or relevant 
immune system genes. It will be of inter-
est to determine if similar effects occur in 
other epithelial tissues.

The relationship between aberrant 
EGFR signaling and immune gene expres-
sion is important since it links a common 
oncogenic event, namely the acquisition 
of aberrant EGFR activity, to the regula-
tion of immune system genes that may 
influence the generation of an anti-tumor 
immune response. Thus, events that pro-
mote tumorigenesis may also influence 
how tumor cells interact with compo-
nents of the immune system and facilitate 

immune evasion. This concept also applies 
to tumors with other signaling abnormali-
ties, for example those with alterations in 
Ras or Raf, since these events may also 
influence immune gene expression. It is 
important to note that while the recruit-
ment of immune cells into a tumor can be 
profoundly destructive, this is not always 
the case. Indeed, the growth of some 
tumors can be supported by some ele-
ments of the immune system.25

In summary, there is growing evidence 
that EGFRIs may alter tumor:host inter-
actions by both direct effects on tumor 
cells and through effects on elements of 
the immune system, both of which may 
be therapeutically exploitable (Fig. 2). 
Conceptualizing EGFRIs in a broader 
therapeutic context is supported by addi-
tional studies demonstrating that EGFRIs 
can augment the release of hematopoietic 
stem cells, and that these agents have anti-
viral activity.26-28 It will be important to 
determine if the EGFRI-induced changes 
in immune gene expression can be 
exploited to combat cancer. For example, 
can topical or systemic EGFRIs be used 
to prevent skin cancer in patients at high 
risk? In addition, can EGFRIs be used 

Figure 2. The impact of the EGFR Inhibitors on tumor cells and normal tissue may influence 
anti-tumor immune responses. EGFR inhibitors may have effects on tumor cells (gray boxes) or 
normal cells and tissues (white boxes).  EGFR inhibitors can inhibit proliferation, survival, the 
production of angiogenic factors and migration in tumor cells.  EGFR inhibitors may also influence 
immune gene expression (such as the expression of MHC molecules and/or chemokines) which 
may increase the recognition of tumor cells by cellular elements of the immune system that may 
promote anti-tumor effects.  In normal tissue, EGFR inhibitors may also alter the expression of im-
mune system genes that can promote immune cell recruitment and activation leading to inflam-
mation (such as occurs in the skin) but also to beneficial anti-tumor effects.
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to target and/or potentiate the effects of 
immune-based therapies in melanoma or 
other cancers?29,30 Future studies will con-
tinue to define how best to utilize EGFRIs 
as targeted anti-cancer agents, however, 
the immune-related effects of EGFRIs 
may also hold therapeutic promise in the 
treatment of cancer and warrant further 
study.
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