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The secretion of interleukin-10 by both malignant and immune cells promotes the progression of lung tumors, hence
negatively impacting on patient prognosis. As interleukin-10 mediates oncogenic effects through the PI3K/AKT signaling
pathway, PI3K/AKT inhibitors might sensitize cancer cells to chemotherapy, thus favoring tumor regression and improving

disease outcome.

Lung cancer is the leading cause of cancer-
related deaths in the world, and the overall
5-y survival rate of patients affected by this
malignancy is only 14% to 17%. Cigarette
smoking is widely considered as the major
cause of lung cancer, since more than 85%
of Caucasian lung cancer patients are
smokers.! However, approximately 50%
of lung cancer patients in Taiwan never
smoked. Interestingly, infection by human
papillomavirus (HPV) type 16 or 18 has
been detected in lung cancer biopsies and
is suspected to play a role in lung onco-
genesis, at least in Taiwan.? Such a high
HPV infection rate reflects the possibility
that immunological defects might play
an important role in the development of
lung cancer, especially among Taiwanese
women who never smoked.

Interleukin-10 (IL-10) is predomi-
nately secreted by immune cells including
macrophages, T lymphocytes, and natural
killer (killer) NK cells, and constitutes a
major determinant of viral clearance vs.
persistent infection.>® The precise effects
of IL-10 on tumor progression remain
matter of debate, as [L-10 has been shown
to play both oncosuppressive and onco-
genic roles in virus-associated human
cancers.”” In fact, our preliminary data
indicated that lung tumors bearing high
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HPV16/18 genome copy numbers also
exhibit a robust expression of IL-10 (at
the mRNA level). A large body of stud-
ies demonstrates that IL-10 secreted from
immune cells is associated with the pro-
gression of neoplasms including large
B-cell lymphoma, T-cell non-Hodgkin
lymphoma, myeloma as well as breast,
lung, gastric, colorectal and prostate car-
cinoma.’ Serum IL-10 levels were found
to be significantly higher in HPV* patients
as well as in individuals bearing cervical
intraepithelial neoplasia (CIN) than in
HPV- healthy subjects. Therefore, IL-10
may play a role in the development of
HPV-associated cervical neoplasms by
favoring HPV persistence.

Elevated IL-10 levels were frequently
observed in the booth the peripheral
blood and tumor tissue of advanced stage
cancer patients.® Additionally, robust
IL-10 expression was associated with poor
disease outcome in HPV-infected cervi-
cal and oropharyngeal cancer patients.”
Therefore, we expected that circulat-
ing IL-10 might not only originate from
immune cells but also from HPV* malig-
nant cells. In line with this hypothesis,
the circulating levels of IL-10 were found
to be higher in lung cancer patients
than in healthy individuals.® Moreover,

patients with metastatic disease had sig-
nificantly higher serum IL-10 levels than
patients with early stage lesions.® Of note,
a significant elevation in the circulating
levels of IL-10 was observed in patients
who failed to respond to chemotherapy
(exhibiting progressive disease) as com-
pared with patients undergoing complete
responses, partial responses, or disease
stabilization.®

We have previously demonstrated that
the JL10 haplotype, impacting IL-10
expression levels, is associated with dis-
ease outcome among lung cancer patients.®
Such haplotypes corresponded to polymor-
phisms of the /L0 promoter region, nota-
bly -1082A > G, -819C > T, and -592C > A.
Thus, neoplastic lesions from patients with
the /L10 non-ATA haplotype (-1082G,
-819C and -592C) expressed higher 7210
mRNA levels were infiltrated by lower
amounts of lymphocytes than tumors
from individuals with the 7210 ATA hap-
lotype (-1082A, -819T, and -592A).8 As
expected, the IL10 non-ATA haplotype
was associated with poor survival and
increased relapse rate as compared with the
IL10 ATA haplotype.® In addition, we were
able to demonstrate that malignant cells
suppress the antitumor effects of T cells
via IL-10 (at least in vitro), a phenomenon
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Figure 1. Role of interleukin-10 in the progression of human papillomavirus-associated lung
cancer. The secretion of interleukin-10 (IL-10) by immune and malignant cells, as induced by the E6
protein of human papillomavirus (HPV) type 16 or 18, might contribute to tumor progression by
upregulating cancerous inhibitor of protein phosphatase 2A (CIP2A) and MYC. HPV-infected lung
cancer cells that express E6 manifest indeed the activating phosphorylation of cAMP responsive
element binding protein 1 (CREB1) and CCAAT/enhancer binding protein 8 (C/EBPR), which stimu-
late the production of IL-10 at the transcriptional level. IL-10 secreted by malignant cells stimulates
an autocrine loop relying on the IL-10 receptor (IL-10R). In addition, by binding to IL-10R expressed
by immune cells, IL-10 may imbalance T,;1 vs. T, 2 tumor-specificimmune responses. Cumulatively,

these effects favor tumor progression.

that can be reversed by the neutralization
of IL-10 with specific antibodies. These
results support the hypothesis that 1L-10
expression by tumor cells may promote the
progression of lung carcinoma.’

These findings prompted us to inves-
tigate the role of IL-10 in HPV-associated
lung cancer. Although the contribu-
tion of IL-10 to the evasion of immune
responses by malignant cells has been
extensively studied, the role of IL-10 in
tumorigenesis itself remains enigmatic.
IL-10 is well known to favor immune
escape by inhibiting the antitumor activ-
ity of tumor-infiltrating macrophages as
well as the cytotoxicity of tumor-specific
T cells, and by blocks the presentation
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tumor cells might sustain the progression
of lung neoplasms (Fig. 1).

Our mechanistic studies indicate that
IL-10 is upregulated by the HPV E6 onco-
protein and acts as an autocrine factor
that not only promotes the proliferation
of malignant cells, but also anchorage-
independent growth and invasiveness."
Furthermore, we found that (in the con-
text of HPV infections) the transcrip-
tion of /L10 is predominantly regulated
by the E6-dependent phosphorylation of
cAMP responsive element binding pro-
tein 1 (CREB1) and CCAAT/enhancer
binding protein B (C/EBPB) through the
phosphoinositide-3-kinase (PI3K) signal-
ing pathway. The HPV-mediated activa-
tion of IL-10 and turned out to induce the
expression of cancerous inhibitor of protein
phosphatase 2A (CIP2A) and MYC, again
via a PI3K-dependent signal transduction
cascade.” This migration- and invasion-
promoting activity of IL-10 could be inhib-
ited by the depletion of the IL-10 receptor
(IL-10R), suggesting that IL-10 favors the
progression of lung carcinoma via an auto-
crine loop.”® Of note, IL-10 expression lev-
els, as monitored at the mRNA levels in
lung cancer biopsies, correlated with those
of CIP2A. Both /L10 and CIP2A mRNA
levels may therefore predict the prognosis
of lung cancer patients, in particular indi-
viduals bearing E6* lesions."

In summary, the secretion of IL-10 by
both malignant and immune cells pro-
motes the progression of HPV-associated
lung carcinoma, hence worsening patient
prognosis. Our findings indicate that
PI3K inhibitors might sensitize lung can-
cer cells to the cytotoxic effect of chemo-
therapy, hence favoring tumor regression
and providing actual clinical benefits to
patients affected by this deadly disease.
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