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ABSTRACT: The double-stranded RNA-binding protein TARBP2 has been suggested to act as an upstream regulator of breast cancer metastasis
by destabilizing transcripts of the possible metastasis suppressors amyloid precursor protein (APP) and ZNF395. We examined this hypothesis by

immunostaining of TARBP2, APP, and ZNF395 in 200 breast cancer specimens using tissue microarrays and analyzed the relationships between expres-

sion levels and clinicopathological parameters and prognosis. Increased TARBP2 overexpression was associated with shorter overall survival and disease-

free survival, and increased but not reduced APP expression correlated with lower overall survival and disease-free survival. ZNF395 expression levels

had no prognostic value, but reduced expression correlated with reduced lymph node metastasis. There was no significant relationship between TARBP2

overexpression and reduced APP and/or ZNF395 expression. Patients with tumors with higher TARBP2 or APP expression had unfavorable prognoses.
Although reduced ZNF395 expression was significantly related to reduced lymph node metastasis, further studies are needed to clarify the role of TARBP2/

APP/ZNF395 in breast cancer.
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Introduction

Breast cancer is the most common invasive cancer in women
worldwide.! Despite earlier diagnosis and the develop-
ment of various treatments, such as chemotherapy, radia-
tion, and hormonal and molecularly targeted therapies, the
prognosis of breast cancer patients with distant metastasis
remains poor.

Cancer metastasis involves a multistep process in which
cell populations with enhanced metastatic capacity initi-
ate specific molecular mechanisms, which in turn modulate
gene expression levels.? The systematic characterization of
metastasis-suppressive and metastasis-promoting microR-
NAs has highlighted the potential role of posttranscriptional
regulatory mechanisms in cancer metastasis.>* TARBP2
is a double-stranded RNA-binding protein implicated in
microRNA processing. Goodarzi et al® recently showed that
TARBP2 was overexpressed in breast cancer cells and acted
as an upstream regulator of tumor suppressor genes. The
authors identified two transcripts that were directly bound
by TARBP2, with potential roles in suppressing metastatic
progression in human breast cancer. Both the following genes
were related to neurodegeneration: the amyloid precursor pro-
tein (APP) gene encodes a protein linked to Alzheimer’s dis-
ease and ZNF395 is associated with Huntington’s disease.’

Using lung colonization assays in mice, the authors showed
that TARBP?2 played a direct role in promoting metastasis by
destabilizing APP and ZNF395. They also found that patients
with primary breast tumors with reduced expression levels of
APP and ZNF395 had significantly lower survival rates than
those with primary breast tumors with higher levels of 4PP
and ZNF395.°

Despite these initial findings by Goodarzi et al, subse-
quent reports have provided conflicting results regarding the
tumor promoter or suppressor roles of TARBP2, APP, and
ZNF395. Overexpression of TARBP2 has been shown in
many cancers, such as breast carcinoma, prostate carcinoma,
and malignant lymphoma, but its downregulation has also
been noted in some tumors, including colorectal and urothe-
lial carcinomas.® In contrast to the results of Goodarzi et al,
Takagi et al’ showed a significant link between increased
APP expression and shorter survival in breast cancer patients.
In addition, APP expression was increased in breast cancer
cell lines with higher metastatic potential.® ZNF395 was
overexpressed in various types of cancers, such as osteosar-
coma, malignant melanoma, and gastric carcinoma,” and its
high expression has been associated with poorer prognosis in
patients with osteosarcoma and other cancers.’® Further stud-
ies are therefore required to resolve these inconsistent results.
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In this study, we aimed to analyze the immunohisto-
chemical expression of TARBP2, APP, and ZNF395 proteins
in human breast cancers and analyze the relationships between
these expression levels and various clinicopathological param-
eters and survival rates in patients with breast cancer.

Materials and Methods

Patientsand tissues. The study protocol was approved by the
Human Ethics Review Committee of St. Marianna University
School of Medicine (No. 3212). Patients gave their informed
consent to participate in the research. This research complied
with the principles of the Declaration of Helsinki. A total of
200 specimens of invasive breast carcinoma of no special type!
were obtained from female patients (mean age 56 years, range
27-87 years) at St. Marianna University Hospital from 2005 to
2007. The first-line clinical treatment in each patient was surgery,
followed by adjuvant endocrine therapy, adjuvant chemotherapy,
and radiation therapy in 154, 84, and 133 patients, respectively.
'The mean follow-up time was 90 months (range 1-132 months).
All the specimens were fixed in 10% formalin and embedded in
paraffin wax. Tumor estrogen receptor (ER), progesterone recep-
tor (PR), and human epidermal growth factor receptor 2 (HER2)
statuses were determined by immunostaining, as described previ-
ously,” and their intrinsic subtypes were determined according to
the 2011 St Gallen surrogate definition.!!

Tissue microarray. Hematoxylin—eosin-stained sections
were reviewed by two independent and experienced patholo-
gists who selected representative normal and cancerous tissues
in each specimen. Two 2.0-mm tissue cores per case were
obtained from archival paraffin blocks using a manual tissue
arrayer with accessory (KIN-2; Azumaya) and set side by side
in a tissue microarray (TMA) (6 x 8 matrix) (Fig. 1).

Immunohistochemistry. Paraffin sections (3 um thick)
were cut from TMA blocks, dewaxed in xylene, and rehydrated

Figure 1. Part of tissue microarray with TARBP2 immunostaining. Normal
(N) and cancer (C) cores from same specimen were examined together.
Bar, 1 mm.

in ethanol. The sections were incubated in citrate buffer
(pH 9.0) for 40 minutes in a water bath at 95°C and then
incubated overnight at 4°C with Human Protein Atlas (HPA)
antibodies raised against TARBP2 (HPA051181, 1:400),
APP (HPAO001462, 1:400), and ZNF395 (HPA049382,
1:50) (all Sigma-Aldrich). The specificities of the antibodies
have been described elsewhere.!? The anti-TARBP2, -APP,
and -ZNF395 antibodies recognize most of the proteins
coded by the splice variants of the following each gene:
TARBP2-001, -006, -009, -016; APP-001, -002, -003, -004,
-015, -016, -201, and -017 and ZNF395-001, -002, -003,
-006, -007, and -008.2 The sections were then incubated with
peroxidase-labeled antirabbit secondary antibody (Simple
Stain MAX PO; Nichirei), followed by color development
with 3-diaminobenzidine tetrahydrochloride.

After immunostaining, we evaluated the expression
levels of TARBP2, APP, and ZNF395 in breast cancers by
comparing the staining intensities in the tumor cells with
those in paired nontumor samples in adjacent cores (Fig. 1).
Occasional immunostaining in stromal and/or inflammatory
cells was morphologically distinguishable from that in can-
cer and normal tissues. Staining intensities were classified
into the following three groups: reduced (level 1), unchanged
(level 2), and overexpressed (level 3). When heterogeneous
staining was seen in tumor and/or normal tissues, the areas
showing the strongest intensity were evaluated. TMA immu-
noreactivity was evaluated independently by two pathologists
who were blinded to the pathological data. Discrepancies were
resolved by simultaneous reexamination of the slides by both
investigators.

Statistical analysis. The associations between TARBP2,
APP,and ZNF395 immunoreactivities and clinicopathological
factors were evaluated using Student’s rtests or cross-tables
using ¥? tests. Overall survival (OS) and disease-free sur-
vival (DFS) were calculated from the date of initial surgery
to death and relapse, respectively. OS and DFS curves were
generated according to Kaplan—Meier analysis, and statistical
significance was calculated using the log-rank test. The data
were computed using the JMP software (version 12.2.0; SAS
Institute Inc.). The threshold for significance was P < 0.05.

Results

Immunohistochemical expression of TARBP2, APP,
and ZNF395 in breast cancer. Immunoreactivities for
TARBP2, APP, and ZNF395 were detected in the cytoplasm
of breast cancer cells and normal glands (Fig. 2). Consistent
with previous reports,'>> TARBP2 and ZNF395 nuclear
immunoreactivities were detected in some cases (data not
shown). However, only cytoplasmic staining was observed
in subsequent analyses, because the hematoxylin counter-
stain often interfered with the immunostaining intensity in
the nuclei. We classified the expression levels of TARBP2,
APP, and ZNF395 as reduced, unchanged, or overex-

pressed, as described in the “Materials and methods” section.
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Figure 2. Immunohistochemical expression of TARBP2, APP, and ZNF395 in breast cancer. Figure shows representative immunostaining results for
TARBP2 (A-C), APP (D-F), and ZNF395 (G-I) with expression level 1 (A, D, and G), level 2 (B, E, and H), and level 3 (C, F, and I). Left and right columns

show normal and cancer tissues, respectively, in all figures. Bar, 50 um.

'The staining groups are summarized in Table 1. Among 200
breast cancers, TARBP2 overexpression (level 3) was seen in
60 (30.0%), while reduced expression levels (level 1) of APP
and ZNF395 were detected in 48 (24.0%) and 46 (23.0%)
cases, respectively.

Association between TARBP2 overexpression and
clinicopathological characteristics of breast cancer.
TARBP2 overexpression (level 3) was found in 60 of the
200 breast cancers (30.0%) (Table 1). We evaluated its correla-
tion with various clinicopathological parameters in the breast
cancer cases (Table 2). TARBP2 overexpression was signifi-
cantly associated with PR positivity (P = 0.003) but showed
no significant correlation with other parameters, including
clinical stage, pathological tumor factor, lymph node metas-
tasis, histological grade, ER status, HER2 status, and intrin-
sic subtype.

The Kaplan—Meier survival curves of OS and DFS
according to TARBP2 overexpression are shown in
Figure 3. Breast cancer patients with TARBP2 overex-
pression (level 3) had significantly shorter OS (P = 0.019)
and DFS (P = 0.046) than those without overexpression
(levels 1 and 2) (Fig. 3A and B). We also performed these

analyses in the subgroups of patients with ER-positive
(n = 169) or ER-negative tumors (» = 31). TARBP2 over-
expression was significantly correlated with shorter OS
(P=0.004) but not with DFS (P=0.052) in the ER-positive
group (Fig. 3C and D), while there is no significant rela-
tionship between TARBP2 overexpression and OS or DFS
in the ER-negative group (data not shown).

Associations between reduced APP and ZNF395
expression and clinicopathological variables in breast
cancer patients. Downregulation of APP and ZNF was

Table 1. Expression levels of TARBP2, APP, and ZNF395 in 200
breast cancers.

EXPRESSION LEVELS, n (%)

1 2 3
TARBP2 73 (36.5) 67 (33.5) 60 (30.0)
APP 48 (24.0) 86 (43.0) 66 (33.0)
ZNF395 46 (23.0) 99 (49.5) 55 (27.5)

Note: Columns 1, 2, and 3 represent reduced, unchanged, and overexpressed
levels, respectively (see “Materials and methods” section).
Abbreviation: APP, amyloid precursor protein.
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Table 2. Association between TARBP2 overexpression and
clinicopathological parameters in breast cancer.

TARBP2 EXPRESSION
LEVELS, n (%)

1, 2 (n = 140) 3 (n=60)
Age (mean) 54.8 57.6 017
Menopausal status

Premenopausal 50 (35.7) 18 (30.0) 0.43
Postmenopausal 90 (64.3) 42 (70.0)

cStage

| 78 (55.7) 34 (56.7) 0.24
Il 59 (42.1) 22 (36.7)

I 3(2.1) 4 (6.6)

pT

pT1 81 (57.9) 39 (65.0) 0.34
pT2-4 59 (42.1) 21 (35.0)

Lymph node metastasis

Positive 68 (48.6) 32 (53.3) 0.54
Histological grade

1 31(22.1) 11 (18.3) 0.98
2 59 (42.1) 35 (58.3)

3 50 (35.8) 14 (23.4)

ER status

Positive 118 (84.3) 51 (85.0) 0.89
PR status

Positive 87 (62.1) 50 (83.3) 0.003*
HER2 status

Positive 20 (14.3) 8 (13.3)

Subtype

Luminal A 112 (80.0) 47 (78.4) 0.86
Luminal B 9 (6.4) 5(8.3)

HER2 type 9 (6.4) 5(8.3)

Triple negative 10 (7.2) 3(5.0)

Note: *P-value < 0.05 was considered significant.
Abbreviations: pT, pathological T factor; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2.

previously reported to induce breast cancer metastasis in
mice.” We therefore examined the correlations between
reduced expression levels of these proteins and various clini-
copathological parameters and prognosis in breast cancer
patients. Reduced APP and ZNF395 expression levels
(level 1) were detected in 48 (24.0%) and 46 (23.0%) cases,
respectively (Table 1). Reduced APP expression was signifi-
cantly associated with higher histological grade (P = 0.004)
and ER positivity (P=0.042) (Table 3), and reduced ZNF395
expression was correlated with a reduced lymph node metas-
tasis (P=0.043) (Table 4). In contrast to the previous report,®
reduced APP expression (level 1) was significantly correlated
with higher OS (P = 0.021) (Fig. 4A) but not with DFS
(Fig. 4B), and reduced ZNF395 expression was not correlated

with either OS or DFS (Fig. 4C and D). Reduced expression
levels of APP and ZNF395 showed no significant relation-
ships with OS and DFS in either ER-positive group or ER-
negative group (data not shown).

Comparison of survival rates between patients with
reduced and increased APP/ZNF395 expression levels. We
further compared survival rates between patients with simul-
taneously reduced expression levels of APP and ZNF395
(n = 20) and those with concurrent overexpression of both
proteins (7 =26). Although there was no significant correlation
between APP/ZNF395 expression levels and OS (P = 0.064)
(Fig. 5A), DFS was significantly lower in the APP/ZNF395
overexpression group (P=0.020) (Fig. 5B). Additional analy-
ses according to ER status were not performed in this category
because of small sample numbers.

Correlation between TARBP2 overexpression and
reduced APP and ZNF395 expression. Among the 60 breast
cancers with TARBP2 overexpression, reduced expression
levels of APP and ZNF395 were found in 6 (10.0%) and
11 (18.3%) cases, respectively. These frequencies were not
significantly different from those in breast cancers with-
out TARBP2 overexpression (n = 140, P = 0.151) (Table 5).
Simultaneous reduction in APP and ZNF395 was less fre-
quent in breast cancers with TARBP2 overexpression (3/60,
5.0%) than in those without TARBP2 overexpression (19/140,
13.6%), although this difference was not statistically sig-
nificant (P = 0.075) (Table 6). There was also no significant
correlation between overexpression of TARBP2 and over-
expression of APP or ZNF395 (P > 0.95) (Supplementary
Table 1), reduced expression of TARBP2 and reduced expres-
sion of APP or ZNF395 (P = 0.54) (Supplementary Table 2),
and reduced expression of TARBP2 and overexpression of
APP or ZNF395 (P=0.44) (Supplementary Table 3).

Association between APP or ZNF395 overexpression
and clinicopathological characteristics of breast cancer.
Patients without APP reduction (Fig. 4A) or those with
simultaneous APP/ZNF395 overexpression (Fig. 5B) showed
significantly lower survival rates, and we therefore examined
the correlations between APP and ZNF395 overexpression
and clinicopathological characteristics of breast cancer sepa-
rately. APP overexpression was significantly associated with
higher clinical stage (P = 0.023), ER negativity (P < 0.001),
PR negativity (P < 0.001), HER2 positivity (P = 0.047), and
HER2- and triple-negative subtypes (P < 0.001), whereas
ZNF395 overexpression correlated with HER2 positiv-
ity (P = 0.049) (Tables 7 and 8). The Kaplan—-Meier survival
curves showed significantly shorter OS (P = 0.032) and DFS
(P < 0.001) in breast cancer patients with APP overexpres-
sion (Fig. 6A and B), but no such correlation was found in
patients with ZNF395 overexpression (data not shown). There
were also significant correlations between APP overexpres-
sion and lower OS (P = 0.028) and DFS (P = 0.005) in the
ER-positive group (Fig. 6C and D), but no such correlation in
the ER-negative group (data not shown).
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Figure 3. Correlation between TARBP2 overexpression and patient prognosis. Figure indicates overall survival (A and C) and disease-free
survival (B and D) for all patients (A and B) or patients with ER-positive tumors (C and D) according to TARBP2.

Discussion

In this study, we investigated the immunohistochemical
expression of TARBP2, APP, and ZNF395 in 200 breast
cancers using TMA and analyzed the relationships between
these expression patterns and various clinicopathological
characteristics in breast cancer patients. Overexpression of
TARBP2 and APP was significantly associated with some
clinicopathological parameters and lower survival rates,
whereas ZNF395 overexpression was correlated with HER2
positivity but not with patient prognosis. Reduced expression
of APP was significantly associated with higher histological
grade and ER positivity, and reduced expression of ZNF395
was associated with reduced lymph node metastasis. However,
there was no significant association between reduced APP or
ZNF395 expression and lower survival rates.

We classified tumor expression of TARBP2, APP, and
ZNF395 into three levels based on immunostaining results
(reduced, unchanged, and overexpressed), using normal
glands in the same specimens as internal controls. This
method had two advantages. First, conventional grading of

immunostaining intensity (eg, weak, moderate, and strong) is
subjective and susceptible to variations in preanalytical vari-
ables, such as specimen size, fixation delay, time in fixative,
and the duration of paraffin-block storage,!* while our method
using paired normal and cancer tissues for each case may over-
come these problems. Second, we aimed to assess increased as
well as reduced protein expression levels,” and this could not
be achieved using conventional methods.

We found a correlation between TARBP2 upregulation
and poor prognosis in breast cancer patients, thus supporting
the proposed role of TARBP2 in breast cancer progression.>!?
Overexpression of TARBP2 has also been observed in many
other cancers, including prostate cancer, cutaneous malig-
nant melanoma metastasis, malignant B-cell lymphoma, and
adrenocortical carcinoma.® Although several in vitro and
in vivo studies using mouse models have also demonstrated
TARBP2-induced tumorigenesis,”® the exact mechanisms
underlying this phenomenon remain obscure. Although
TARBP2 has been shown to mediate cell growth during viral
infection via inhibition of double-stranded RNA-dependent
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Table 3. Association between reduced APP expression and
clinicopathological parameters in breast cancer.

Table 4. Association between reduced ZNF395 expression and
clinicopathological parameters in breast cancer.

APP EXPRESSION ZNF395 EXPRESSION P-VALUE
LEVELS, n (%) LEVELS, n (%)
1(n=48) 2,3 (n=152) 1 (n=46) 2,3 (n=154)
Age (mean) 55.6 55.6 0.99 Age (mean) 574 551 0.30
Menopausal status Menopausal status
Premenopausal 15(31.2) 53 (34.9) 0.64 Premenopausal 13 (28.3) 55 (35.7) 0.34
Postmenopausal 33 (68.8) 99 (65.1) Postmenopausal 33 (71.7) 99 (64.3)
cStage cStage
I 31 (64.6) 81(53.3) 0.17 I 25 (54.3) 87 (56.5) 0.79
I 17 (35.4) 64 (42.1) I 20 (43.5) 61 (39.6)
1 0 7 (4.6) 11} 1(2.2) 6 (3.9)
pT pT
pT1 26 (54.2) 96 (63.2) 0.31 pT1 26 (56.5) 94 (61.0) 0.58
pT2-4 22 (45.8) 56 (36.8) pT2-4 20 (43.5) 60 (39.0)
Lymph node metastasis Lymph node metastasis
Positive 22 (45.8) 79 (52.0) 0.45 Positive 17 (37.0) 83 (53.9) 0.043*
Histological grade Histological grade
1 10 (20.8) 32 (21.1) 0.004* 1 13 (28.3) 29 (18.8) 0.23
2 14 (29.2) 80 (52.6) 9 17 (37.0) 77 (50.0)
3 24 (50.0) 40 (26.3) 3 16 (34.8) 48 (31.2)
ER status ER status
Positive 45 (93.8) 124 (81.6) 0.042 Positive 41(89.1) 128 (83.1) 0.32
PR status PR status
Positi 33 (68.8 94 (61.8 0.38
ostive (68.8) (61.8) Positive 29 (63.0) 99 (64.3) 0.87
HER2 status
HERZ2 status
Positive 4(8.3) 24 (15.8) 0.091 —
Positive 6 (13.0) 22 (14.3) 0.83
Subtype
Subtype
Luminal A 42 (87.5) 117 (77.0) 0.13
- Luminal A 37 (80.4) 122 (79.2) 0.83
Luminal B 4(8.3) 10 (6.6) -
Luminal B 4 (8.7) 10 (6.5)
HER2 type 0 14 (9.2)
- - HER2 type 2(4.3) 12 (7.8)
Triple negative 24.2) 11(7.2)
Triple negative 3(6.5) 10 (6.5)

Note: *P-value < 0.05 was considered significant.

Abbreviations: APP, amyloid precursor protein; pT, pathological T factor;
ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal
growth factor receptor 2.

Note: *P-value < 0.05 was considered significant.
Abbreviations: pT, pathological T factor; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2.

protein kinase, this pathological phenomenon is not directly
linked to normal cell physiology.!*™8 In addition to its role as
a protein kinase inhibitor, TARBP2 is also known to func-
tion as a Dicer cofactor. Dicer is a key component in the
biogenesis of microRNAs, which negatively regulates their
complementary target mRNAs." Although TARBP2 was
suggested to stimulate microRNA processing by increasing
the substrate affinity to Dicer,?® Kim et al?! recently showed
that TARBP knockout in human cells had no effect on Dicer
stability or microRNA abundance. These findings highlight
the importance of a Dicer-independent role of TARBP2 in
regulating gene expression (discussed below). Such mecha-
nism might also account for TARBP2-mediated tumor cell

growth via degradation of the mRNAs encoding various
tumor suppressor genes.

The recent study by Goodarzi et al® implicated the
TARBP2/APP/ZNF395 pathway in the metastatic progres-
sion of breast cancer. Using in vitro and in vivo experiments
in mice, they showed that TARBP2 promoted metastasis
by destabilizing transcripts of the possible metastasis sup-
pressor genes, APP and ZNF395. 'The authors demonstrated
a TARBP2-dependent and Dicer-independent pathway
of mRNA destabilization and suggested the existence of
a novel posttranscriptional regulatory network, whereby
TARBP?2 binding of structural hairpins contained in the APP
and ZNF395 transcripts may lead to their destabilization.
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Table 5. No significant association between TARBP2 overexpression Table 7. Association between APP overexpression and
and APP or ZNF395 reduction in breast cancer. clinicopathological parameters in breast cancer.
TARBP2 LEVELS, n (%) APP EXPRESSION P-VALUE
120 =) Levelsney
APP, level 1 40 (28.6) 6 (10.0) 1,2 (n=134) 3 (n = 66)
ZNF3095, level 1 35 (25.0) 11 (18.3) Age (mean) 54.9 571 0.27
Menopausal status
Note: P=0.151, * test.
Abbreviation: APP, amyloid precursor protein. Premenopausal 48 (35.8) 20 (30.3) 0.38
Postmenopausal 86 (64.1) 46 (69.7)
cStage
They also showed an increased Z4ARBP2 expression in human I 83 (61.9) 28 (42.4) 0.023*
breast cancers that metastasized (stage IV) and correlations I 48 (35.8) 34 (51.5)
between simultaneous low expression of APP and ZNF395 m 3(2.2) 4(6.)
and reduced DFS at the mRNA level.> Another recent study oT
reported a si.milar link between higher APP expression a.md oT1 84 (62.7) 36 (54.5) 0.26
longer DFS in breast cancer.?? Although we confirmed a link
, , pT2-4 50 (37.3) 30 (45.4)
between TARBP2 overexpression and poor prognosis, we -
found conflicting results in that patients with simultaneous Lymph node metastasis
overexpression of APP and ZNF395 had significantly lower Positive 61(45.5) 38 (57.6) 010
DFS (discussed below). Moreover, the incidence of APP Histological grade
and/or ZNF395 reduction in TARBP2 overexpressing tumors 1 29 (21.6) 13 (19.7) 0.93
did not differ significantly from that in the control group. We 2 63 (47.0) 31 (47.0)
were, therefore, unable to confirm the hypothesis proposed by 3 42 (31.3) 22 (33.3)
Goodarzi et al, which stated that overexpressed TARBP2 led ER status
to reduced APP and ZNF395 expressions, thereby causing Positive 124 (92.5) 46 (69.7) <0.001*
metastatic progression of breast cancer. PR status
. APP, which has prev1ous¥y been 1.mphcated 1r.1 Alzheimer’s Positive 87 (64.9) 29 (44.0) <0.001*
disease, is a membrane protein that is proteolytically cleaved
X . . 23 HERZ2 status
to yield soluble products (such as soluble amyloid-a peptide). —
) Positive 14 (10.4) 14 (21.2) 0.039*
However, whether APP functions as a tumor promoter or sup-
. . Subtype
pressor in breast cancer remains unclear. In contrast to recent
reports,>?? we found a link between higher APP expression Luminal A 17 (87.3) 42 (63.6) <0.001
and shorter OS and DFS. Takagi et al’ reported a similar rela- Luminal B 9(6.7) 5(7.6)
tionship between increased APP expression and shorter DFS HER2 type 5(3.7) 9 (13.6)
in ER-positive breast cancer patients. We also noted significant Triple negative 3(2.2) 10 (15.2)
correlations between APP overexpression and several clinico- Note: *P-value < 0.05 was considered significant.
pathological parameters, including higher clinical stage, ER Abbreviations: APP, amyloid precursor protein; pT, pathological T factor;
L. . . . ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal
negativity, and HER2- and triple-negative subtypes. Intrigu- growth factor receptor 2.

ingly, Lim et al® showed that APP expression was increased
in breast cancer cell lines with higher metastatic potential
and that knockdown of APP in cancer cells retarded cell

. L . . . and progression in breast cancer. In addition to breast cancer,
proliferation in vitro and in vivo, implying close correlations

. . increased expression of APP has been detected and correlated
between APP expression and tumor cell growth, metastasis, L. . L
with increased cancer cell proliferation in several other cancer

types.2*2” Overall, these results support a possible role for

o o _ APP in breast cancer progression, though recent studies have
Table 6. No significant association between TARBP2 overexpression

. . 5’22 . .
and simultaneous APP and ZNF395 reduction in breast cancer. suggested an opposite function. These previous two studies

and ours differed in terms of the evaluation methods of APP

TARBP2 LEVELS, n (%) expression. The microarray-based analyses measured A4PP
1, 2 (n = 140) 3 (n=60) mRNA expression levels in breast cancer tissues and classified
APP & ZNF395, level 1 19 (13.6) 3(5.0) them as either high-expression group or low-expression group,
APP & ZNF395, levels 2, 3 121 (86.4) 57 (95.0) according to values above or below the median.>?* In con-

Note: P—0.075, 72 tast. trast, we classified tumors according to APP protein expres-

Abbreviation: APP, amyloid precursor protein. sion levels, determined by immunohistochemistry, as reduced,
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Table 8. Association between ZNF395 overexpression and of such tumors.?>28 The frequencies of these tumors in
clinicopathological parameters in breast cancer.

Goodarzi et al® cohorts were uncertain. In our study, HER2-
ZNF395 EXPRESSION positive and triple-negative tumors accounted for 13.5% of
LEVELS, n (%) all breast cancers, and these two subtypes were significantly
1,2 (n = 145) 3 (n=55) associated with APP overexpression, in line with the results of

Age (mean) 554 561 0.44 Fernandez-Nogueira et al.?> Although molecular and immu-

Menopausal status nohistochemical subtypes are not equivalent,! this difference

in the prevalence of basal-related tumors among the distinct

Premenopausal 47 (32.4) 21 (38.2) 0.44 ] >
cohorts might have affected the results of the survival analyses.
Postmenopausal 98 (67.6) 34 (61.8) X . .
st Further prognostic analyses of APP expression status in breast
cStage . .
g cancer patients at both the mRNA and protein levels would
| 83 (57.2) 28 (50.9) 0.14 e
help to clarify this discrepancy.
. 59 (40.7) 23 (41.8) ZNF395 is a poorly characterized transcription factor
ll 3(2.1) 4(7.3) involved in the transcriptional activation of the gene encod-
pT ing the Huntington’s disease protein, huntingtin.?’ In addi-
pT1 84 (57.9) 36 (65.5) 0.33 tion to breast cancer, ZNF395 is expressed in various types of
pT2-4 61 (42.1) 19 (34.5) cancers, including osteosarcoma, synovial sarcoma, malignant
Lymph node metastasis melanoma, lung carcinoma, gastric carcinoma, and pancreatic
Positive 75 (51.7) 24 (43.6) 0.30 carcinoma.” Although a previous study’® suggested a possible

link between high ZNF395 expression and favorable progno-

Histological grade

sis in breast cancer, its expression has been associated with

1 29 (20.0) 13 (23.6) 0.85 ne pres :
5 69 (47.6) 25 (45.5) poorer prognosis in the Ewing’s sarcoma family of tumors and
in osteosarcoma.'® We found no correlation between ZNF395
3 47 (32.4) 17 (30.9) i . . .
expression levels and patient prognosis, but there was a sig-
ER status nificant association between reduced ZNF395 expression and
Positive 122 (841) 47 (85.5) 0.81 reduced lymph node metastasis. The latter finding may be
PR status inconsistent with the TARBP2/APP/ZN395 hypothesis for
Positive 83 (57.2) 35 (63.6) 0.78 breast cancer metastasis,” though lymphatic spread is not the
HER2 status only means of cancer metastasis.
Positive 16 (11.0) 12 (21.8) 0.049* In conclusion, we have demonstrated a significant corre-
Subtype lation between TARBP2 and APP overexpression and poorer
Luminal A 120 (82.7) 39 (70.9) 0.07 prognosis in breast cancer, while ZNF395 expression levels
Luminal B 6 (4.1) 8 (14.5) had no prognostic value. In contrast to previous results,” we
HER2 type 10 (6.9) 4(73) found no apparent correlation between TARBP2 overexpres-
Triple negative 96.2) 4(73) sion and reduced expression of APP and/or ZNF395. Further

studies are therefore needed to clarify the roles of APP and

Note: *P-value < 0.05 was considered significant. .
Abbreviations: pT, pathological T factor; ER, estrogen receptor; PR, ZNF395 in human breast cancer.

progesterone receptor; HER2, human epidermal growth factor receptor 2.
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Figure 6. Correlation between APP overexpression and patient prognosis. Figure shows overall survival (A and C) and disease-free survival (B and D)
for all patients (A and B) or patients with ER-positive tumors (C and D) according to APP.
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Supplementary table 1. No significant association
between overexpression of TARBP2 and overexpression of
APP or ZNF395 in breast cancer.

Supplementary table 2. No significant association
between reduced expression of TARBP2 and reduced expres-
sion of APP or ZNF395 in breast cancer.

Supplementary table 3. No significant association
between reduced expression of TARBP2 and overexpression

of APP or ZNF395 in breast cancer.
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