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p62/SQSTM1 is a selective substrate of autophagy, and aberrant
accumulation of p62 has been observed in various pathological
conditions. To understand the roles p62 plays in non-small-cell
lung cancer (NSCLC), we carried out immunohistochemical analy-
ses of p62 expression in a cohort of patients with annotated clin-
icopathological data. As analyses of murine and human
hepatocellular carcinomas suggested a correlation between p62
and Nrf2 accumulations, we also examined NRF2 expression in
the same cohort. The expression of NRF2 and p62 was examined
by immunohistochemical methods in 109 NSCLC cases, which
included patients with adenocarcinoma (n = 72), squamous cell
carcinoma (n = 31), and large cell carcinoma (n = 6). Accumula-
tion of NRF2 and p62 was detected in 34% and 37% of NSCLC
patients, respectively. The accumulations of p62 and NRF2 did
not correlate with each other, but both were associated with
worse lung cancer-specific survival (P =0.0003 for NRF2;
P = 0.0130 for p62). NRF2 status had an impact on NSCLC progno-
sis irrespective of histology types, but p62 status did so particu-
larly in adenocarcinoma (P=0.037). Multivariate analysis
indicated that positive immunoreactivities of NRF2 and p62 were
both independent factors predicting worse lung cancer-specific
survival (P <0.0001 for NRF2 and P = 0.04 for p62). This study
revealed that both NRF2 and p62 are independent prognostic fac-
tors for NSCLC. The prognostic impact of p62 status was pro-
nounced in adenocarcinoma patients, suggesting that molecular
mechanisms underlying cancer evolution differ between adeno-
carcinoma and squamous cell carcinoma. (Cancer Sci 2012; 103:
760-766)

N on-small-cell lung cancer (NSCLC), which comprises
mainly adenocarcinoma and squamous cell carcinoma, is
one of the most common human cancers.‘” Despite rigorous
endeavors to develop anticancer therapies, the prognosis of
lung cancer patients still remains poor. To predict recurrence
after surgery and to judge indications of additional therapies
appropriately, clinical and biological markers have long been
sought.

The Keapl-Nrf2 system plays a central role in grotecting
cells from electrophilic and oxidative stresses. Under
unstressed conditions, Keapl ubiquitinates Nrf2, and Nrf2 is
degraded by the proteasome. Upon exposure to the stimuli,
Keapl is inactivated, and stabilized Nrf2 induces the transcrip-
tion of many cytoprotective genes. Somatic mutations in the
NRF2 or KEAPI gene that cause constitutive stabilization of
NRF2 have been found in many human cancers.®™ Reduced
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expression of KEAP1 due to KEAPI methylation has been
suggested as another mechanism for NRF2 stabilization.1%!"
NRF2 stabilization and subsequent accumulation contribute to
the poor prognosis of NSCLC patients.®” This is because
NRF2 confers resistance to anticancer theralpies and an aggres-
sive proliferative tendency on cancer cells.('™'?

Recently, still another cause for the constitutive stabilization
of NRF2 in cancer cells was reported. One of the selective
substrates for autophagy,"*'® p62/SQTSM1, was found to sta-
bilize Nrf2. Through disrupting the association between Keapl
and Nrf2, p62 inhibited the ubiquitination of Nrf2 and induced
the accumulation of Nrf2."> When autophagy was disrupted
genetically in mouse liver, the robust accumulation of p62,
simultaneous stabilization of Nrf2, and elevated expression of
Nrf2 target genes were observed.('™'” Interestingly, some
cases of human hepatocellular carcinoma show NRF2 stabiliza-
tion and p62 accumulation,"” suggesting that p62 accumula-
tion leads to Nrf2 stabilization.

As a multifunctional 8protein, p62 serves as a scaffold for
intracellular signaling."®29 Targeted disruption of the p62
gene in mice has revealed the critical contribution of p62 to
the cell signaling pathway controlling bone remodeling, obesity,
and smooth muscle proliferation.*"%® p62 also serves as a
carrier for sequestering ubiquitinated proteins into autophago-
somes and is degraded throuigh autophagy concomitant with
the ubiquitinated proteins.(l3’ ? The analysis of autophagy-
deficient mice revealed that the autophagy plays a tumor-sup-
pressor role through eliminating p62.?*” Abnormal p62 accu-
mulation has been detected in gastrointestinal, prostate, liver,
and breast cancer cases,*> > suggesting the presence of func-
tional relationship between p62 accumulation and cancer pro-
gression. However, it remains to be delineated whether p62 is
accumulated in lung cancer cases and what contribution p62
has to the prognosis of patients.

To elucidate the contribution of p62 to the development of
lung cancers and their prognoses, we examined the expression
of p62 and NRF2 in NSCLC patients and analyzed the associa-
tion between the immunoreactivities and clinicopathological
parameters. NRF2 status was strongly associated with poor
clinical outcome irrespective of histology types, whereas p62
status was associated with poor prognosis in adenocarcinoma

"*To whom correspondence should be addressed:
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patients. Our results indicate that both NRF2 and p62 serve as
feasible biomarkers for the prognostic prediction of lung
cancer patients.

Materials and Methods

Patient and tissue specimens. For this study, 109 specimens
of NSCLC were obtained from patients who underwent surgi-
cal resection from 1993 to 1995 in the Department of Surgery
at the Sendai Kousei Hospital (Sendai, Japan). The mean age
of the patients was 65.6 years (range, 23-82 years). Patients
examined in this study did not receive irradiation or chemo-
therapy before surgery. The mean follow-up time was
1626 days (range, 17-3366 days). All specimens were fixed in
10% formalin and embedded in paraffin wax. The data col-
lected from the patients were age, gender, smoking index,
TNM stage, tumor size, lymph node metastasis, histology type,
histological differentiation, and status of Ki-67, p53, NRF2,
p62, and NQOI1. The Ethics Committees at Tohoku University
School of Medicine (Sendai, Japan), Sendai Kousei Hospital
(Sendai, Japan), and Miyagi Cancer Center Research Institute
(Natori, Japan) approved the research protocols for this study.

Cell culture. Two human NSCLC cell lines, A549 and H1650,
were cultured in DMEM (Wako Pure Chemicals, Osaka, Japan)
with 10% FBS. The H1650 cell line was a kind gift from
Dr. Shibata at the National Cancer Center Research Institute
in Tokyo, Japan. Immunohistochemistry for p62, NRF2, and
NQO1 in these cell lines was carried out in cell blocks, which
were fixed in formalin and embedded in paraffin.

Immunoblot analysis. Whole cell extracts were prepared from
A549 and H1650 cells. Cells were harvested after a 4-h incu-
bation with 100 uM diethylmaleate (DEM) or the vehicle
DMSO in the cell culture medium. The protein samples were
separated using SDS-PAGE. NRF2, 8!62’ and NQO1 were
detected using anti-NRF2 antibody,?” anti-p62 antibody
(GP62; Progen, Heidelberg, Germany) and anti-NQOI1 anti-
body (ab2346; Abcam, Cambridge, UK). Tubulin was detected
as a loading control using anti-tubulin (DH1A; Sigma, St.
Louis, MO, USA) antibody.

Immunohistochemistry. Paraffin sections were prepared and
reacted with antibodies against NRF2 (sc-13032X; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), p62 (GP62), NQO1
(ab2346), p53 (DO-7; Novocastra, Newcastle upon Tyne, UK),
and Ki-67 (MIB1; Dako, Glostrup, Denmark). For the staining
with anti-p62 antibody, antigen retrieval was carried out by
heating the slides in a microwave (500 W) for 10 min in citric
acid buffer (2 mmol/L citric acid and 9 mmol/L trisodium cit-
rate dehydrate [pH 6.0]). For the staining with anti-NRF2 and
Ki-67 antibodies, antigen retrieval was carried out by heating
the slides in an autoclave at 120°C for 5 min in citric acid buf-
fer (2 mmol/L citric acid and 9 mmol/L trisodium citrate dehy-
drate [pH 6.0]). For the staining with anti-NQO1 and p53
antibodies, antigen retrieval was carried out by heating the
slides in a microwave (500 W) for 20 min in citric acid buffer
(2 mmol/L citric acid and 9 mmol/L trisodium citrate dehydrate
[pH 6.0]). The streptavidin-biotin amplification method was
used for detecting the reacted antibodies. The antigen—antibody
complex was visualized with diaminobenzidine solution
(1 mmol/L. diaminobenzidine, 50 mmol/L. Tris-HCl [pH 7.6]
and 0.006% H,0,) and counterstained with hematoxylin. As a
negative control, normal mouse or rabbit IgG was used instead
of the primary antibody. Immunoreactivity of more than 10% of
carcinoma cells Svas regarded as positive for NRF2, p62,
NQOI1, and p53 O Ki-67 immunoreactivity was scored in more
than 1000 carcinoma cells for each case, and the percentage of
immunoreactivity (i.e., labeling index) was determined.

Statistical analyses. Statistical analyses were carried out
using an unpaired two-group f-test or a cross-table using the
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y>-test. The Kaplan-Meier analysis was carried out for lung
cancer-specific survival, which was defined from original can-
cer death. The statistical significance was evaluated using the
log-rank test. Univariate and multivariate analyses were evalu-
ated using a proportional hazard model (Cox). P-values of less
than 0.05 were considered significant in this study. The statisti-
cal analyses were carried out using StatView 5.0J software
(SAS Institute, Cary, NC, USA).

Results

Immunohistochemical detection of p62 and NRF2. We first
optimized the immunostaining condition of p62 and NRF2 by
using the human NSCLC cell lines A549 and H1650. NRF2 is
constitutively stabilized in A549 cells due to a somatic muta-
tion in the KEAP] gene and the functional deﬁc1ency of
KEAP1,%13D whereas the KEAP1-NRF2 system is intact and
NRF2 is present in a low level in H1650 cells. Immunoblot
analysis showed abundant accumulation of NRF2 in A549
cells with or without the challenge of the electrophilic inducer
DEM, whereas an increase in NRF2 was observed in H1650
cells when DEM was added to the medium (Fig. 1A). Intense
signals were observed using an anti-p62 antibody in AS549 cells
but not in H1650 cells (Fig. 1A).

Accordingly, we used A549 cells as a positive control for
immunostaining with anti-p62 and NRF2 antibodies. As one of
the typical Nrf2 target genes, NQO1 expression was moni-
tored. A block of A549 cells was embedded in paraffin, and
sections were prepared. The staining conditions were opti-
mized for each antibody so that sufficiently intense signals
were obtained. Strong NRF2 signals were observed in the
nucleus (Fig. 1B), and p62 and NQO1 signals were observed
in the cytoplasm (Fig. 1C,D).

Using the same conditions, cancer samples surgically
resected from NSCLC cases were stained with antibodies
against NRF2, p62, and NQOI. In some of the cases of squa-
mous cell carcinoma and adenocarcinoma, strong NRF2 sig-
nals were identified in the nucleus (Fig. 1E,H), and p62 and
NQOT1 signals were detected in the cytoplasm (Fig. 1F,G,LJ),
showing very good agreement with the cell line studies. Con-
sistent with the previous studies in mouse models,®? intense
signals were not detected for either NRF2, p62, or NQO1 in
the normal tissues surrounding the tumor tissues. In other
cases, no staining was observed in tumors or in normal tissues
(Fig. 1K-M). Therefore, these results indicate that the expres-
sion of NRF2, p62, and NQO1 can be appropriately evaluated
by immunohistochemical examination.

When we stained cancer samples that were surgically
resected from 42 NSCLC cases with anti-NRF2 and anti-p62
antibodies, we found that the samples were classified into
four groups: double-negative; NRF2-single-positive; p62-sin-
gle- posmve and double-positive (Fig. S1A). Based on our
prev10us study,"> we considered that p62 stabilized NRF2
in the double-positive cases. The NRF2-single-positive cases
were expected to include the cases with somatic mutations
in the KEAP] or NRF2 gene and those with hypermethyla-
tion of the KEAPI gene promoter. The KEAPI expression
in the tumor portion was not repressed in the NRF2-single-
positive cases (Data S1, Fig. S1B), so the contribution of
KEAPI methylation, if any, to NRF2 stabilization was not
substantial. The mutation analysis of KEAPI and NRF2 genes
(Table SI1, Data SI) did not detect any non-synonymous
mutations in seven NRF2-single-positive cases whose tumor
DNA was available (data not shown). Other unknown causes
stabilized NRF2 in the NRF2-single-positive cases of this
cohort.

Association of NRF2 stabilization with the clinicopathological
features and clinical outcomes of NSCLC patients. To examine
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the association between NRF2 immunoreactivity and clinico-
pathological features, we assembled another cohort of cases
that contained information on survival after surgery. Cancer
samples surgically resected from 109 NSCLC cases were
stained with anti-NRF2, -p62, and -NQOI antibodies using the
conditions identified above. Of the 109 cases, 37, 40, and 41
cases were positive for NRF2, p62, and NQOI, respectively
(Tables 1 and 2). We evaluated the association of NRF2
immunoreactivity with the clinicopathological parameters of
the NSCLC cases (Table 1, left). We found that samples from
male patients showed positive NRF2 staining more often than
those from female patients (P = 0.04). This NRF2 stabilization
was significantly associated with the positive immunoreactivity
of NQOI (P < 0.0001), which seems reasonable considering
that the NQO! gene is directly activated by NRF2. There were
no significant correlations between NRF2 stabilization and
other parameters examined in this study, including patient age,
smoking index, TNM stage, tumor size, lymph node metasta-
sis, histology type, histological differentiation, Ki-67 staining,
and p53 status.

When the association analysis was carried out within the
two subgroups of histology types, adenocarcinoma and squa-
mous cell carcinoma, the association between positive NRF2
staining and gender was more significant (P = 0.02 for adeno-
carcinoma patients and P = 0.99 for squamous cell carcinoma
patients) (Table 1, right). In contrast, the association between
positive NRF2 staining and NQOI1 expression was significant
irrespective of the histology type (P = 0.003 for adenocarci-
noma and P < 0.0001 for squamous cell carcinoma), indicating
that once stabilized, NRF2 functions as a transcription activa-
tor in cancer cells of both histology types.

We found that the NRF2 status showed a very clear associa-
tion with the clinical outcome. The lung cancer-specific sur-
vival of NRF2-negative cases was much better than that of
NRF2-positive cases (P = 0.0003, Fig. 2A). This result is con-
sistent with other reports on lung cancer cases.” Similar
results were observed when we examined the lung cancer-spe-

762

Adenocarcinoma (negative)

Fig. 1. Immunohistochemical detection of NRF2,
p62, and NQO1 in non-small-cell lung cancer cell
lines and tissues. (A) Immunoblot analysis of A549
and H1650 cells. Whole cell extracts were prepared
from cells with or without stimulation by
diethylmaleate (DEM). (B-D) Immunostaining of
A549 cells with antibodies against NRF2, p62, and
NQO1. (E-G) Immunostaining of lung cancer tissue
from a patient with squamous cell carcinoma. (H
-M) Immunostaining of lung cancer tissues from
patients with adenocarcinoma. Representative cases
are shown for positive staining (H-J) and negative
staining (K-M). (H,l) Double-positive case; (K,L)
double-negative case. Scale bar =50 um (B-D).
Scale bar = 100 pm (E-M).

cific survival individually in subgroups of different histology
types (P = 0.017 for adenocarcinoma patients [Fig. 2B] and
P = 0.0026 for squamous cell carcinoma patients [Fig. 2C]).
Taken together, these results indicate that NRF2 contributes to
the malignant phenotype of NSCLC.

Association of p62 accumulation with the clinicopathological
features and clinical outcomes of NSCLC patients. We next exam-
ined the association between p62 immunoreactivity and the clin-
icopathological parameters of the NSCLC cases (Table 2, left)
and found that p62 accumulation was associated with the pres-
ence of lymph node metastasis (P = 0.03) and a higher rate of
Ki-67 staining (P = 0.004). There were no significant correla-
tions between p62 accumulation and other clinicopathological
parameters examined in this study. The immunoreactivity of p62
was not associated with the positive staining of NRF2. Consis-
tent with this observation, there was no correlation between p62
immunoreactivity and NQO1 immunoreactivity.

Similar association analysis within the two histology sub-
groups, adenocarcinoma and squamous cell carcinoma, showed
that p62 status and Ki-67 staining were not significantly corre-
lated within either subgroup (Table 2, right). In contrast, the
presence of lymph node metastasis was positively associated
with p62 accumulation in adenocarcinoma patients (P = 0.03)
but not in squamous cell carcinoma patients (P = 0.44). This
result suggests that p62 accumulation exerts distinct effects on
the cancer cell behavior in adenocarcinomas and squamous cell
carcinomas.

Indeed, p62 accumulation showed a distinct association with
the clinical outcomes of adenocarcinoma and squamous cell
carcinoma. When we first examined all NSCLC patients in this
study, we found that the lung cancer-specific survival was sig-
nificantly worse in p62-positive cases (P = 0.013, Fig. 2D).
When the adenocarcinoma and squamous cell carcinoma sub-
groups were examined separately, p62 accumulation was sig-
nificantly associated with poor prognosis in adenocarcinoma
patients (P = 0.037, Fig. 2E) but was not significantly associ-
ated with clinical outcomes in squamous cell carcinoma

doi: 10.1111/.1349-7006.2012.02216.x
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Table 1. Association between NRF2 immunoreactivity and clinicopathological parameters in 109 patients with non-small-cell lung cancer

NRF2 immunoreactivity P-value
Value P-value
Positive (n = 37) Negative (n = 72) Adeno (n = 72)t SCC (n =31t
Patient age# 67 + 9 65+ 11 0.1700 0.340 0.2300
Gender
Male 31 47 0.0400 0.020 0.9900
Female 6 25
Smoking index (pack-years)¥ 36 + 36 32 £ 31 0.6200 0.840 0.8400
TNM stage
| 21 48 0.3100 0.290 0.7700
It and 11l 16 24
Tumor size (cm)t 33+13 3.4+1.7 0.7200 0.930 0.7700
Lymph node metastasis
Positive 14 21 0.4000 0.100 0.7800
Negative 23 51
Histology type
Adeno 25 47 0.6500 - -
sCC 11 20
Large 1 5
Histological differentiation
Well and moderately 27 49 0.6000 0.740 0.9800
Poorly 10 23
Ki-67 LI (%)% 26 + 22 22 +£19 0.3300 0.200 0.2200
p53
Positive 28 45 0.1600 0.490 0.3600
Negative 9 27
NQO1
Positive 27 14 <0.0001 0.003 <0.0001
Negative 10 58

P-values less than 0.05 were considered significant and are shown in bold. Adeno, adenocarcinoma; Large, large cell carcinoma; LI, labeling
index; SCC, squamous cell carcinoma. tThe association between p62 immunoreactivity and clinicopathological parameters was statistically evalu-
ated according to each histological type. ¥Data are presented as the mean + SD and were evaluated by an unpaired two-group t-test. All other
values represent the number of cases and were evaluated by a cross-table using the y?test.

patients (P = 0.39, Fig. 2F). Thus, these results suggest that
the accumulation of p62 may contribute to the malignant phe-
notype of adenocarcinoma.

Evaluation of the immunoreactivities of p62 and NRF2 as prog-
nostic factors. The results thus far have revealed that positive
staining for NRF2 and p62 are both tightly associated with
worse clinical outcomes for NSCLC patients. We observed
similar results in another cohort of patients who underwent sur-
gery during a different time period at a different institute (Fig.
S2). In this cohort, the patients’ survival was evaluated using
two different parameters, overall survival and relapse-free sur-
vival, and both analyses gave similar tendencies. We further
evaluated the relationship of NRF2 and p62 status to other fac-
tors in terms of the prognostic determination. In a univariate
analysis, TNM stage (P < 0.0001), NRF2 status (P = 0.001),
tumor size (P = 0.001), p62 status (P = 0.02), and p53 status
(P =0.03) were shown as significant prognostic factors for
lung cancer-specific survival (Table 3). The grade of histologi-
cal differentiation and NQO1 immunoreactivity showed weak
associations with worse clinical outcomes (P = 0.08 and
P = 0.10, respectively), which did not reach statistical signifi-
cance. No significant association was detected between Ki-67
status (P = 0.27), histology type (P = 0.82), or smoking index
(P = 0.91) and the clinical outcome of the patients.

To further characterize the association between positive
staining of NRF2 and p62 and clinical outcome, we carried
out a multivariate analysis. The analysis revealed that TNM
stage (P = 0.0002), NRF2 status (P < 0.0001), tumor size
(P =0.01), and p62 status (P = 0.04) were all independent
prognostic factors with a relative risk over 1.0. Although the
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statistical significance for p62 was marginal, pathways involv-
ing p62 and NRF2 were considered independently responsible
for the malignant behavior of cancer cells of NSCLC patients.

We analyzed the association of the compound status of p62
and NRF2 with clinical outcome to examine whether p62
accumulation displayed an additive effect with NRF2 on the
phenotype of cancers. We found that the simultaneous accu-
mulation of p62 and NRF2 resulted in significantly worse
lung cancer-specific survival than the single accumulation of
p62 (P = 0.027, Fig. 3), suggesting that the NRF2-dependent
pathway exerted further exacerbation of the prognosis in the
presence of p62 accumulation. By contrast, the contribution
of p62 to the prognosis became smaller in the presence of
NRF2 stabilization. The p62-single-positive cases tended to
display the worse prognosis than the double-negative cases
(P = 0.084), whereas the prognostic difference between the
double-positive cases and NRF2-single-positive cases was not
significant (P = 0.20). Thus, the effect of NRF2 stabilization
appeared to override that of p62 accumulation on cancer pro-
gression.

Discussion

Multiple causes have been reported for the constitutive stabil-
ization of NRF2, including the somatic mutation of the KEAPI
or NRF2 gene® and the hypermethylation of the KEAPI pro-
moter.“®'" The NRF2-single-positive cases that we examined
did not show any reduction in KEAPI expression nor did they
harbor non-synonymous mutations of KFAPJ and NRF2 genes.
KEAP] expression was rather higher in tumor tissues than in
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Table 2. Association between p62 immunoreactivity and clinicopathological parameters in 109 patients with non-small-cell lung cancer

p62 immunoreactivity P-value
Value P-value
Positive (n = 40) Negative (n = 69) Adeno (n = 72)t SCC (n =31t
Patient age# 66 + 10 69 + 10 0.630 0.73 0.89
Gender
Male 29 49 0.870 0.34 0.99
Female 11 20
Smoking index (pack-years)* 32+ 32 34 + 33 0.730 0.15 0.18
TNM stage
| 21 48 0.070 0.10 0.83
il and 1l 19 21
Tumor size (cm)¥ 35+ 1.6 3.3+ 16 0.500 0.78 0.83
Lymph node metastasis
Positive 18 17 0.030 0.03 0.44
Negative 22 52
Histology type
Adeno 22 50 0.120 - -
SCC 16 15
Large 2 4
Histological differentiation
Well and moderately 26 50 0.420 0.15 0.20
Poorly 14 19
Ki-67 LI (%)% 31+22 20 + 18 0.004 0.20 0.22
p53
Positive 26 47 0.740 0.15 0.17
Negative 14 22
NRF2
Positive 16 21 0.310 0.85 0.32
Negative 24 48
NQO1
Positive 17 24 0.640 0.79 0.16
Negative 23 45

P-values less than 0.05 were considered significant and are shown in bold. Adeno, adenocarcinoma; Large, large cell carcinoma; LI, labeling
index; SCC, squamous cell carcinoma. tThe association between p62 immunoreactivity and clinicopathological parameters was statistically evalu-
ated according to each histological type. tData are presented as the mean + SD and were evaluated by an unpaired two-group t-test. All other
values represent the number of cases and were evaluated by a cross-table using the x>test.

non-tumor tissues, which appeared to be consistent with a
result that KEAPI is activated by NRF2 (NF, KT, HM, and
MY, unpublished observation, 2011). A recent study reported
that transcriptional upregulation of NRF2 by oncogene-depen-
dent signaling contributes to the increase of NRF2 protein
level.®® Another report showed that an oncometabolite inacti-
vates KEAPI resulting in the stabilization of NRF2.G*®
These mechanisms or other unknown causes stabilized NRF2
in the NRF2-single-positive cases.

In the double-positive cases, accumulated p62 was consid-
ered to stabilize NRF2 because a disruptor of the Keapl-Nrf2
interaction, ?ossib]y p62 or p2l, is another cause of NRF2
stabilization.!'>*® Because p62 is a specific substrate of auto-
phagy, defective autophagy causes aberrant accumulation of
p62.%" Recent studies suggested that autophagy plays a sup-
pressive role in tumorigenesis through elimination of p62 in
the liver.'®'7?® We independently found, in a study using
genetically engineered mice and protein structure analysis, that
p62 disrupts the Keag]~Nrf2 interaction and results in the sta-
bilization of NRF2.""> This observation suggested that Nrf2 is
one of the downstream effectors of the pathway involving p62
for the promotion of tumorigenesis. Supporting this notion, the
pathway controlled by NRF2 was activated in p62-positive
cases of hepatocellular carcinomas."” In the NSCLC cases
analyzed in this study, however, accumulated p62 did not nec-
essarily result in the stabilization of NRF2, implying that addi-
tional factors accompanying the increase of p62 might
differentially influence NRF2 stabilization.

764

It is interesting to note that the association with lymph node
metastasis in adenocarcinoma patients is unique to p62 accu-
mulation. With very good agreement, analyses of breast can-
cers and digestive system cancers showed that the frequency
of having) distant metastasis was higher in p62-positive
cases.?"*® Together with our current result, these data suggest
that the pathway involving p62 may act to enhance the meta-
static potential of cancer cells, which is likely to aggravate the
clinical outcomes of adenocarcinoma.

It has been described that the increase of p62 leads to the
activation of NFkB.®%*® The interaction between p62 and
TRAF6 seems to regulate phosphorylation and ubiquitination
of the IKK complex and stimulate IKK activity, which results
in the phosphorylation and degradation of IxkB and the
subsequent release and activation of NFxB. A recent report on
melanoma showed that NFkB appeared to regulate metastasis-
associated genes,*" supporting the notion that p62-positive
cancer cells may possess higher metastatic activity through
potentiating NFxB-dependent transcription.

Together with the adenocarcinoma-specific contribution of
p62 to cancer development and progression, this study clearly
indicates that the molecular mechanisms underlying cancer
behavior are different between adenocarcinoma and squamous
cell carcinoma. This study revealed that p62 could be used as
a prognostic biomarker in lung adenocarcinoma patients. Eluci-
dation of the molecular mechanisms through which p62 exac-
erbates the clinical outcome will uncover a new target
molecule for anticancer therapy for adenocarcinoma patients.

doi: 10.1111/}.1349-7006.2012.02216.x
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(poorly versus well and Fig. 3. Lung cancer-specific survival of 109 patients with non-small-
moderately) cell lung cancer according to the combination of p62 and NRF2 status.
NQO1 (+ versus —) 0.1000 N.A N.A *P = 0.084; **P = 0.20; ***P = 0.027.
Gender (male versus female) 0.1300 N.A N.A
Ki67 LI (> 10 vs <10) 0.2700 N.A N.A
Histology typet (SCC vs Adeno) 0.8200 N.A N.A cine) and Ms. Yayoi Takahashi (Department of Pathology, Tohoku
Smoking index (> 30 vs <30) 0.9100 N.A N.A University Hospital). We also appreciate the assistance of Ms. Eriko

P-values less than 0.05 were considered significant and are shown in
bold. Adeno, adenocarcinoma; Cl, confidence interval; LI, labeling
index; SCC, squamous cell carcinoma. *Data were considered signifi-
cant in the univariate analyses and were examined in the multivariate
analyses. TData were evaluated as continuous variables. +Cases of
large cell carcinoma were excluded (n = 103). N.A, not analyzed.
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