1242 Oda et al
AJP September 2009, Vol. 175, No. 3

A stage
g 1
E .84
2
S .61 11
=% HI
raRE
>
Z
£ .24
w
0..
0 1 2 3 4 5
year
B stage
2 1
= 1
g 8
o
B .6
&
& I
& .2 114
2
[=J"]
0 1 2 3 4 5
year
C
NROB1
1 S
Q MLO
= 8
2 Hi
=
S .6
=9
= .4
£
5 .2 p<0.01
w
0
0 1 2 3 4 5
year
D NROB1
Z 1
= Lo
§ KE
=]
8 .6 Hi
3
& .
& 4
§ .24 p<0.01
2
a o4
0 1 2 3 4 5
year

Figure 10. Relation of NROB1 expression to prognosis of clinical cases. A: OS
in 193 lung adenocarcinoma cases. Five-year OS in all patients, patients with
stage 1, 11, and 111 was 84.8%, 95.1%, 52.4%, and 53.8%, respectively. B: Five
year DFS in all patients, patients with stage 1, Hf, and HI was 73.1%, 87.9%,
30.5%, and 23.4%, respectively. OS (C) and DFS (D) curves in'NROB1-hi and
NROB1-lo cases.

methylated promoter construct was transiently trans-
fected into A549. The methylated promoter construct, but
not the mock-methylated construct, was resistant to di-
gestion with methylation-sensitive restriction enzyme

Table 2. Correlation of NROB1 Expression in Lung

Adenacarcinoma with Clinicopathological Factors

Hi Lo P value
T Category
1 73 57
2 23 22
3 7 6
4 2 3 0.855
N Category
NO 79 81
N1 5 1
N2 19 5
N3 2 1 0.021
Stage of disease
72 73
Il 12 6
i 21 9 0.069
Recurrence
Yes 43 10
No 62 78 <0.01

Hpall (Figure 7B), which confirmed that the CpG se-
quences of methylated construct had been completely
methylated in vitro. When transfected into A549, higher
luciferase activities were detected for the mock-methyl-
ated NROB1 promoter than for the methylated NROB1
promoter (Figure 7C).

Next, the correlation of methylated CpG proportion
with NROB1 expression level was analyzed in clinical
samples of lung adenocarcinoma. The NROB1 expres-
sion level in clinical samples was determined by quanti-
tative real-time PCR. The genome DNA was extracted
from each four case of lung adenocarcinoma showing
high (Figure 8A, case 11to case 4) and low level of NROB1
expression (Figure 8A, case 5 to case 8). Bisulfite se-
quencing revealed that the proportion of methylated CpG
sites was lower in cases with high NROB1 expression
than in cases with low NROB1 expression (Figure 8B).
The proportion of methylated CpG sites was high in the
normal lung tissue (Figure 8C).

Immunohistochemical Analysis of NROB1
Expression in Lung Adenocarcinoma

Correlation of NROB1 expression with clinicopatholog-
ical findings was examined in clinical samples of lung
adenocarcinoma. At immunohistochemistry, signals for
NROB1 were detected in cancerous lesions but not in
the non-cancerous lesions. The subcellular localization of

- NROB1 signals was detected mainly in the nuclei of ad-

enocarcinoma cells in some cases (Figures 9, A-C), but
detected not only in the nucleus but also in the cytoplasm
in others (Figure 9D); nuclear staining pattern in 27
cases, cytoplasmic pattern in 25 cases, and nucleocyto-
plasmic pattern in 53 cases. Few signals could be de-
tected in several cases (Figure 9E). According to the
method by Saito et al,?® a total of more than 500 tumor
cells from three different representative fields were ex-
amined, and the proportion of cells with NROB1 signals
was counted. The previous reports on NROB1 expression
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Table 3. Univariate and Muliivariate Analysis of Prognostic Factors for Overall and Disease-Free Survivals

(] DFS
Univariate HR Multivariate HR Univariate HR Multivariate HR

{95% Cl) P value (95% CI) P value (95% C1) P value (95% C) P value
Age 1.001 (0.964-1.040) 0.961 0.992 (0.963-1.021) 0.568
Sex 0.837 (0.413-1.698) 0.623 0.795 (0.458-1.379) 0.414 .
T Category 2.005 {1.436-2.800) <0.01 1.362 (0.809-2.291) 0.245 1.830(1.393-2.403) <0.01 1.078 (0.687-1.680) 0.744
N Calegory 2.442 (1.796-3.322) <0.01 0.657 (0.306-1.411) 0.282 2.408 (1.888-3.072) <0.01 0.768 {0.418-1.411) 0.395
Stage 2.982 (2.062-4.312) <0.01 3.098 (1.187-8.084) 0.021 2.859 (2.220-3.944) <0.01 2,825 (1.350-5.913) <0.01
Tumor size 1.046 (1.025-1.066) <0.01 1.029 (1.004-1.055) 0.021 1.041 (1.026-1.057) <0.01 1.025 (1.005-1.045) 0.014
NROB1 level 0.083 (0.025-0.281) <0.01 0.043 (0.009-0.195) <0.01 0.208 (0.103-0.420} <0.01 0.176 (0.078-0.397) <0.01

HR, hazard ratio; Cl, confidence interval; OS, overall survival; DFS, disease-free survival.

in endometrial adenocarcinoma?® and prostatic carcino-
ma®® used a cut-off point of 10%. Therefore, in this study,
we used the same cut-off point; the cases with more than
10% positive cells and fewer than 10% positive cells were
defined as NROB1-hi and NROB1-lo, respectively.

To confirm the specificity of immunohistochemical
staining for NROB1 expression, quantitative real-time RT-
PCR was performed on 11 cases with lung adenocarci-
noma from which mRNA could be obtained (4 NROB1-hi
and 7 NROB1-lo cases at immunohistochemical resulits).
The-amount of NROB1 mRNA was significantly higher in
cases with NROB1-hi expression at immunohistochemis-
try than those with NROB1-lo expression (P < 0.05, Figure
9F). These results showed that the immunohistochemical
evaluation is a reliable method for evaluation of NROB1
expression.

Brief clinical findings of 193 cases are summarized in
Table 1. There were 107 males and 86 females with ages
ranging from 33 to 82 (median, 64) years. Size of the main
tumor ranged from 8 to 80 (median, 20) mm. Stage of
tumor was | in 145 patients, Il in 18, and Il in 30. Tumor
recurrence was found in 53 cases with intervals from
surgery ranging - from 2.9 to 145.3 (median 15.2) months.
Five year OS in all patients, patients with stage |, ll, and
Il was 84.8%, 95.1%, 52.4%, and 53.8%, respectively
(Figure 10A). DFS in all patients, patients with stage |, I,
and [l was 73.1%, 87.9%, 30.5%, and 23.4%, respec-
tively (Figure 10B).

Among 193 lung adenocarcinoma cases, 105 cases
(54.4%) were categorized as NROB1-hi, and the remain-
ing cases as NROB1-lo. Correlation of NROB1 expression
level with clinical findings is shown in Table 2. The ¥
analysis revealed that the N category and tumor recur-
rence significantly correlated with high NROB1 expres-
sion. Patients with NROB1-lo tumor showed significantly
better OS and DFS than those with NROB1-hi tumors (P<
0.01, respectively) (Figure 10, C and D).

Univariate analysis revealed that high T category,
lymph node metastasis (high N category), advanced
stage, large tumor size, and high NROB1 expression were
significant unfavorable factors for both 5-year OS and
DFS (Table 3). Multivariate analysis revealed that the
advanced stage, large tumor size, and high NROB1 ex-
pression were independent prognostic factors for both
5-year OS and DFS (Table 3).

Discussion

Patient characteristics such as gender, age, and 5-year
OS in the present study were similar to those in the
previous reports.®” In addition, the uni- and multivariate
analyses showed the prognostic significance of clinico-
pathological factors, including tumor size and stage of
disease, as reported previously.®” These findings indi-
cate that the results obtained from the present clinical
cases are commonly applicable.

CSCs are known to be enriched in SP,720 therefore
proteins highly expressed in SP may become a candi-
date for CSC markers. Since the expression level of
NROB1 is higher in SP than in MP of lung adenocarci-
noma cell fine, NROB1 might be further investigated as a
candidate marker for CSCs of fung adenocarcinoma. The
knocked down expression of NROB1 resulted in the de-
crease of resistance against topotecan, Matrigel inva-
sion, in vitro colony formation, and in vivo tumorigenic
activities. The involvement of NROB1 in the resistance
against anti-cancer drugs and the high tumorigenicity
was consistent with the higher rates of recurrence in the
cases with NROB1-hi than those with NROB1-lo expres-
sion as shown in the clinical samples. In addition to
recurrence, NROB1-hi tumors showed the higher fre-
quency of lymph node metastasis than that of NROB1-lo
tumors. Invasion of cancer cells into the surrounding
tissues and high tumorigenic potential, which were char-
acteristic to NROB1-high population, are essential for the
establishment of lymph node metastasis.?®®° Since
NROB1 is not expressed on the cell surface, the sorting of
NROB1-hi and NROB1-lo populations in living cells is
impossible. Because the experiment 1o examine whether
NROB1-him, but not NROB1-lo, gives rise to both
NROB1-hi and -lo populations is not possible due to
above-mentioned reason, it is difficult to assess directly
whether NROB1-hi population was CSCs or not. Still, the
involvement of NROB1 in the resistance against anti-can-
cer drug, invasiveness, and high tumorigenic potentials
in A549 and PC-14 cell lines suggested that NROB1 might
be candidate marker for CSCs, or at least, for tumorigenic
cells of lung adenocarcinoma.

Kinsey et al*® and Garcia-Aragoncillo et al“® reported
that NROB1 expression is related to cell proliferative ac-
tivity in Ewing’s sarcoma cell lines. In contrast, the
knocked-down expression of NROB1 did not affect the
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cell proliferation of A549 cells. This might be attributable
to the difference of cell types; Saito et al®® and Nakamura
et al®® did not find any correlation of NROB1 expression
level with the Ki-67 labeling index, a well-established
marker for cell proliferative activity, in the endometrial
adenoccarcinoma of uterus and prostate. The present
study on the clinical cases of lung adenocarcinoma
showed that NROB1 expression level did not correlate
with the size of tumors. NROB1 appeared to play a role for
cell proliferation in Ewing's sarcoma but not in lung, en-
dometrial, and prostatic adenocarcinomas.

The knocked down expression of NROB1 had no effect
on cell growth (assessed by cell number), but signifi-
cantly affected tumorigenic and invasion abilities. The
expression level of MMP-2 decreased in knocked-down
cells, which may explain the low invasion ability. The
defective anti-apoptotic ability of knocked-down cells as
revealed decreased expression of Bcl-2 might explain
the normal proliferation potential (cell growth), but low
tumorigenicity. NROB1 is reported to antagonize several
transcription factors, including WT-1,' which is known to
suppress Bcl-2 promoter.“? NROB1 might antagonize the
function of WT-1, thereby enhancing Bcl-2 transcription.
Although the precise mechanism remains to be clarified,
the defective expression of Bcl-2 and MMP-2 could be
causative for the low tumorigenic and invasion abilities of
NROB1 knocked-down cells.

The formation of SP was found even when the expression
of NROB 1was reduced, indicating that NROB1 was not nec-
essary for SP formation. For SP formation, several chem-
ical transporters, such as ABCG2, are involved."""
NROB1 might not affect the expression of these chemical
transporters.

In adenocarcinoma of uterine endometrium and pros-
tate, NROB1 was present in the nucleus, but not in the
cytoplasm.?®-28 Whereas, the subcellular localization of
NROB1 was various among cases with the present lung
adenocarcinoma. Kawaijiri et al*® reported that NROB1
localization changed during. pituitary development from
nucleocytoplasmic at embryonic day 10.5 to nucleus at
day 18.5. Helguero et al** demonstrated that NROB1
localized in the nucleus of mammary gland in virgin mice,
nucleocytoplasmic in pseudopregnant mice, and cyto-
plasmic in lactating mice. To date, the functional hetero-
geneity of NROB1 depending on the subcellular localiza-
tion has not been clarified. Although no significant
differences in clinicopathological findings were found
among cases with these three staining patterns, further
analysis with a larger number of cases is necessary 1o
reveal the functional heterogeneity of NROB1 depending
on the subcellular localization.

Numerous CpG sequences around the NROB1 pro-
moter suggested the epigenetic regulation of its tran-
scription. In fact, the promoter activity of NROB1 signifi-
cantly decreased when the CpG sequences were
methylated in vitro. The proportion of CpG methylation
was inversely correlated with the NROB1 expression level
in clinical samples. Very recently, Garcia-Aragoncillo et
al“® reported that EWS/FLI1 directly binds to the GGAA-
rich region in NROB1 promoter and transactivates its
activity. It is well known that transcription factors may

bind to their cognate recognition sequences when the
promoter region is relaxed in the unmethylated state.*®
The promoter region of NROB1 in Ewing's sarcoma ap-
peared to be relaxed, whereas in lung adenocarcinoma it
possesses a packed promoter in the heavily methylated
condition. Demethylation may enable some unknown
transcription factors to bind and transactivate NROB1
promoter in lung adenocarcinoma. Further studies are
needed to clarify such transcription factors.

Taken together, NROB1 was involved in resistance
against anti-cancer drugs, invasion, in vitro colony forma-
tion, and in vivo tumorigenic potentials of lung adenocar-
cinoma cell line. NROB1-hi cases showed the higher fre-
quency of lymph node metastasis and tumor recurrence
than those of NROB1-lo cases. The high level of NROB1
expression was an independent poor prognostic factor in
the cases with lung adenocarcinoma.
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FUBERRE
1) IR A B M R B OB SN T WL EBH
2) FMAREETH > T, PEM £/-13 PEM+ 3> X 7 5 F Lt b FEikioxt U TRV
3) 18F-BPA PET 2313 % 18F-BPA OfE% : EEMOEMELL. >7.0
4) RZEUSHEHERD 20 KL L 75 A FOBE
5) KPS=60% D B #H
6)3 » AU LOAEFNPHFINSEE
7) BEMREMAL T ORMEZEZ L, FERBEOBEN RSN TN D,
OA Bk % =3,000/1. L @O~ES/ 0L =8.0gdL
@i/ MR¥=100,000/u L @AST (GOT) =100 IU/L
®ALT (GPT) =100 IU/L. ~ ®MmiEZ L7 F == 1.5 mg/dL
QEABBMIDOVNTERERADNSXEZFRENESNTVS,
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02. B#

BN EFEORANETEMREPEE (malignant pleural mesothelioma = MPM) % %
KELT, mUEPHFHiEEZE  (boron neutron capture therapy; BNCT) DO&2MEHB LN
MR RZFHMT 2. FEFMEBIEEERORBEEEE, ALRTMEBD 24 EM
(overall survival,0S), E¥EE 4T W (progression-free survival, PFS), K#H D EREE DB L OE
B4R /N B (tumor response) &9 5,

0.3. EEHRRLE
1) FEMHESEEAN B P ZEOZENE SN TN S,
2) FINABETH > T, RARLFER (PEM) /213 PEM+ 3 A7 5F 2t B bkl wt
LTHEHME > TnaED, EFNEEBICE > THALHREEN T TE 20
3) FIEHASHT 28 HEAN® CT, MRIMRE/Z EIZX - T, HFEN—RIOMELDH D W 3R A R
NOERIZRSNTWDEHE, [LE WY > SERBEESIIRAN 22, BHICBITS
MAETORMIIEENS.,
4) 18F-BPA PET {2317 % 18F-BPA OIEE : EHIOEBEEN 7.0 LD KEWN,
5) [RIEIGERFERN 20 L L 75 RATF TH 5.
6) Karnofsky Performance Scale (KPS) 7 60%LL ETH S,
7) FEN DO BTG 28 HUNOEEREMREICEB W T TOLREZ M L, FERLE O
REINTWS,

B iR 2 3,000 /pL Bl
NEFOE S 8.0g/dL LA L
(FERAR 28 HUNETIZHmmZ{T> TWhianI &)
/MR 100,000 /pL 24 &
AST (GOT) 100 TU/L LAF
ALT (GPT) 100 TU/L EAF
mE7LVryF=> 1.5 mg/dL ELF
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TEL : 072-451-2475 ~ FAX : 072-451-2627

E-mail : onokoji@poh.osaka-med.ac.jp
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