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Abstract. Patients with breast cancer who undergo surgery have 
a risk of developing multiple cancers in the contralateral breast 
and other organs. We previously reported that overexpression of 
satellite alpha transcripts (SAT) facilitates chromosomal insta-
bility, which is involved in the development of multiple tumors 
in patients with colorectal and gastric cancer. In this study, 
we elucidated the significance of SAT in the development of 
multiple tumors in patients with breast cancer. Relative expres-
sion of SAT (rSAT) was calculated in normal and tumor tissues 
from 167 patients. In total, 27 patients developed bilateral 
breast cancer (BBC) and 27 patients showed multiple primary 
cancer (MPC), with patients with BBC and MPC showing 
higher rSAT levels in tumor tissues than those in patients 
with single breast cancer (SBC) (P=0.0312 and P=0.0420, 
respectively). Additionally, higher rSAT levels in tumor tissues 
from patients with BBC were a significant factor according 

to univariate analysis, and multivariate analysis showed 
that rSAT >1.5 was a significant predictor of MPC [hazard 
ratio (HR): 2.96; P=0.0243); however, we did not clarify the 
involvement of SAT in normal tissues. Excluding 71 patients 
with BRCA-related clinical features, rSAT levels were higher 
in patients with BBC and MPC than in patients with SBC in 
tumor tissues and normal tissues (P<0.05). Significant predic-
tors according to univariate analysis included rSAT >1.5 in 
tumor tissues, rSAT >2.4 in normal tissues, and T <2, whereas 
those for multivariate analysis included rSAT >2.4 in normal 
tissues for BBC (HR: 22.7; P=0.00120) and MPC (HR: 13.0; 
P=0.00601). Our data indicated that patients with breast cancer 
and high rSAT levels in their breast tissues exhibit a 10- to 
20-fold increased risk for the development of multiple cancers 
when harboring no BRCA-related clinical features.

Introduction

Patients with breast cancer who undergo surgery are likely 
to develop a second cancer in the contralateral breast, with a 
2- to 6-fold increased risk of contralateral breast cancer (1-5). 
Additionally, patients with breast cancer have a generally 
increased risk of developing multiple primary cancer (MPC) 
in other organs, such as ovarian, pancreatic and skin cancer (6). 
For these reasons, patients with breast cancer often consider 
prophylactic surgery for the contralateral breast and other 
organs. The registry of contralateral prophylactic mastectomy 
(CPM) has more than doubled over a 6-year period (7,8), and 
the proportion of breast-conserving procedures for the treat-
ment of early stage breast cancer has declined accompanied by 
a compensatory increase in the number of CPMs (9). Although 
patients with hereditary breast cancer caused by a germline 
mutation in the breast cancer susceptibility gene (BRCA) are 
at high risk of developing multiple tumors, the mechanisms 
underlying the increased risk of apparently non-hereditary 
multiple primary breast cancer have not been elucidated.

Multiple cancers can arise simultaneously in regions 
of normal tissue containing certain genetic and epigenetic 
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alterations (10). This phenomenon is exemplified by ʻfield 
cancerizationʼ (11), which makes common embryological 
regions susceptible to neoplasms. Our previous study demon-
strated that global DNA demethylation was associated with 
genomic instability in gastrointestinal cancer (12). Although 
genetic alterations are found in only a minor fraction of cells 
from normal tissue (11,13), somatic epigenetic alterations are 
commonly detected in normal tissues adjacent to various 
types of cancers (14-20). Our previous study evaluating levels 
of DNA demethylation in common targets [i.e., repetitive 
sequences in the whole genome (10), such as long interspersed 
nucleotide element-1 (LINE-1)] demonstrated that DNA 
demethylation of LINE-1 is associated with a predisposition 
to multiple tumors in patients with colorectal cancer (10); 
however, the general significance of LINE‑1 demethylation 
in carcinogenesis remains unknown. Additionally, we evalu-
ated satellite DNA comprising highly repetitive noncoding 
sequences located in centromeric regions and implicated in 
chromosomal stability (21).

Recent studies have provided insight into the role of 
noncoding DNA in cancer susceptibility (10,21), although 
these regions are poorly transcribed due to heterochromatin 
structure. The appropriate transcription of satellite regions 
is essential for accurate chromosomal segregation (22), 
and elevated satellite-DNA expression has been observed 
in various epithelial tumors (23), with the overexpression 
of satellite RNA inducing abnormal segregation of chro-
mosomes in experimental studies (24). Additionally, we 
demonstrated that overexpression of satellite alpha transcripts 
(SAT) leads to chromosomal mis-segregation in normal 
mammary epithelial cells, thereby enhancing chromosomal 
instability (25). Moreover, SAT expression levels correlate 
with DNA hypomethylation levels of SAT in both normal and 
tumor tissues (25), whereas demethylation of satellite DNA 
in normal gastric tissues increases susceptibility to multiple 
gastric cancers (21). These results suggest that excessive satel-
lite RNA plays an important role in carcinogenesis and could 
be involved in the mechanism underlying the development of 
multiple tumors as a result of field cancerization.

In the present study, we evaluated the role of SAT in field 
cancerization and cancer development in the bilateral breast or 
MPCs in other organs in patients with breast cancer.

Materials and methods

Patients and specimens. Samples of tumor tissues and normal 
tissues without cancerous mammary glands were collected 
from 167 female patients who underwent incisional biopsy 
or a surgical procedure for breast cancer diagnosis and treat-
ment from July 2015 to July 2017 at Saitama Medical Center, 
Jichi Medical University (Saitama, Japan). The sample sizes 
were 165 tumor tissues and 109 normal tissues. The tumor 
tissue samples were obtained during a surgical operation 
or preoperative biopsy when patients were candidates for 
neoadjuvant chemotherapy. When tumor tissue samples were 
obtained, ultrasonography and 14G biopsy needle (ACECUT; 
TSK Laboratory, Tochigi, Japan) were used both in preopera-
tive biopsy and surgical operations for accuracy. Normal tissues 
were also collected from patients with breast cancer during the 
surgical operation and defined as tissues at least 3 cm from 

the tumor and nipple and microscopically identified as normal 
mammary glands according to histologic examination of 
hematoxylin and eosin-stained sections. All tissue specimens 
were immediately soaked in RNAlater (Ambion), and after 
24 to 48 h, removed from RNAlater and stored at ‑80˚C.

Clinical and pathological findings are presented in 
Table IA. Family history was defined as positive when one 
or more relatives of first and/or second degree had a medical 
history of breast cancer. Human epidermal growth factor 
receptor 2 (HER2) testing was performed according to the 
American Society of Clinical Oncology/College of American 
Pathologists guidelines (26). HER2 status was determined 
in all patients with invasive breast cancer on the basis of one 
or more HER2 test results (negative, equivocal, or positive). 
HER2-positive status was defined as an area of the tumor 
with >10% contiguous and homogeneous tumor cells. If the 
results were equivocal, reflex testing was performed using 
fluorescence in situ hybridization to define HER2‑positive or 
-negative status (26). Triple-negative breast cancer (TNBC) 
was characterized as cancer exhibiting low expression 
of estrogen receptor, progesterone receptor, and HER2. 
Tumor, Nodes, Metastasis (TNM) staging was performed 
according to the American Joint Committee on Cancer and 
the International Union for Cancer Control staging manual, 
8th edition (UICC.org). BRCA1 or BRCA2 mutation status was 
not examined in this study.

This study was approved by the Research Ethics Committee 
at Jichi Medical University, and written informed consent was 
obtained from each study participant.

RNA extraction. Total RNA was extracted from the 
samples using the Illustra RNAspin Mini RNA Isolation 
kit (GE Healthcare UK) according to the manufacturer's 
instructions. To assess RNA quality and yield, A260/A280 
and A260/A230 ratios for RNA samples were analyzed 
using a NanoDrop ND-1000 spectrophotometer (NanoDrop 
Technologies, Inc.). Only RNA with an A260/A280 ratio >1.8 
was used for subsequent experiments.

DNA extraction. Dissected tissues or cultured cells were placed 
in buffered proteinase K solution at 56˚C for 3 h, and genomic 
DNA was isolated and purified using an EZ1 Advanced XL 
and an EZ1 DNA tissue kit (Qiagen) according to manufactur-
er's instructions. DNA purity was assessed using a NanoDrop 
ND-1000 spectrophotometer (NanoDrop Technologies, Inc.) 
at A260 and A280, with the A260/A280 ratio >1.8 in all 
instances.

Real‑time reverse transcription (RT)‑PCR. RT was performed 
using a High Capacity RNA-to-cDNA kit (Applied Biosystems) 
with thermal cycling of 37˚C for 60 min, followed by 95˚C for 
5 min and maintenance at 4˚C. Real‑time RT‑PCR assays were 
performed using SYBR Green technology, SYBR Premix Ex 
Taq reagents (Tli RNaseH Plus; Applied Biosystems) and 
the QuantStudio 12K Flex real-time PCR system (Applied 
Biosystems). Thermal cycling conditions were as follows: 95˚C 
for 30 sec for denaturation, followed by 40 cycles of 95˚C for 
15 sec and 58˚C for 1 min as the cycling stage, 95˚C for 15 sec, 
60˚C for 1 min, and 95˚C for 15 sec as the melting‑curve stage. 
Gene expression was determined using fluorescence‑intensity 
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measurements obtained using QuantStudio 12K Flex data 
analysis (Applied Biosystems). A glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) fragment was amplified as an 
internal control. Primers targeting satellite alpha (forward, 
AAG GTC AAT GGC AGA AAA GAA and reverse, CAA CGA 
AGG CCA CAA GAT GTC) and GAPDH (forward, GAA GGT 
GAA GGT CGG AGT and reverse, GAA GAT GGT GAT GGG  
ATT TC) were used. Log (SAT/GAPDH expression) values 
were calculated from the mean measurements and represented 
relative to SAT (rSAT) levels.

Statistical analysis. Fisher's exact test comparing single 
breast cancer (SBC) to bilateral breast cancer (BBC) used a 
cut-off value for patient age at 50 years based on a report indi-
cating that patients aged <50 years have a higher cumulative 
10-year risk of contralateral breast cancer, despite a lack of 

BRCA mutations (27). Fisher's exact test comparing SBC to 
MPC used a cut-off value for patient age as the median value 
(i.e., 63 years). Other cut-off values were determined by median 
values. Cut-off values for the relative SAT-expression levels 
were determined by receiver operating characteristic (ROC) 
curve analysis. All statistical analyses were performed using 
EZR (v.2.4; Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for R 
(v.3.4.1; The R Foundation for Statistical Computing, Vienna, 
Austria) (28). Fisher's exact test was used to examine associa-
tions between two categorical variables. Continuous variables 
such as relative SAT-expression (rSAT) levels were evaluated 
in Kolmogorov-Sminov's test and Bartlett's test, which showed 
they were normally distributed and homoscedastic. Thereafter, 
rSAT levels were compared with one-way ANOVA followed 
by Dunnett's ‘many-to one’ post hoc test. Medians (ranges) of 

Table I. Clinicopathological features of the breast cancer patients and multivariate analysis.

A, Clinicopathological features of the patients with single breast cancer (SBC), bilateral breast cancer (BBC), and multiple 
primary cancer (MPC)

Variables SBC (n=120) BBC (n=27) P‑valuec MPC (n=27) P‑valued

Agea (years) (<50/≥50) 33/87 3/24 0.0861
Ageb (years) (<63/≥63) 61/59   11/16 0.398
BMI (kg/m2) (≥25/<25) 37/83 9/18 0.821 6/21 0.485
Family history (negative/positive) 104/16 23/4 0.764 25/2 0.528
HER2e (negative/positive) 69/37 16/9 1.00 10/10 0.216
ERe (negative/positive) 29/77 5/20 0.613 6/14 0.791
TNBCe (negative/positive) 88/18 21/4 1.00 18/2 0.738
Te (0/1/2/3/4) 18/55/38/6/9 10/15/6/1/0 0.113 7/16/2/0/0 0.0255
Ne (0/1,2) 87/39 25/9 0.678 21/5 0.342
M (0/1) 113/6 25/2 0.641 27/0 0.593
lye (0/1/2/3) 35/54/2/2 8/10/0/1 0.679 9/7/0/1 0.352
ve (0/1/2) 49/42/2 11/8/0 0.865 11/6/0 0.601
rSAT of tumor tissue [median (range)] 1.20 (‑0.0139‑3.44) 1.89 (0.201‑3.28) 0.0312 1.79 (0.690-2.60) 0.0420
rSAT of normal tissue [median (range)] 1.88 (‑0.0331‑3.38) 2.50 (1.19‑3.87) 0.119 2.32 (1.03‑3.87) 0.407

B, Multivariate analysis to predict MPC

 Multivariate analysis Stepwise multivariate analysis
 -------------------------------------------------------------------- -------------------------------------------------------------------
Variables OR 95% CI P-value OR 95% CI P-value

Tf (0,1 vs. 2,3,4) 8.07 1.79-36.3 0.00652 8.07 1.79-36.3 0.00652
rSAT of tumor tissueg (>1.5 vs. ≤1.5) 2.96 1.15‑7.61 0.0243 2.96 1.15‑7.61 0.0243

aAge cut-off value 50 was determined as referring to a report which indicated that patients aged <50 years harbored a higher risk of contralateral 
breast cancer. bAge cut-off value of 63 years was determined by the median value. cP‑value was calculated by Fisher's exact test or one-way 
ANOVA followed by Dunnett's ‘many-to one’ post hoc test between variables of SBC and BBC. Dunnett's ‘many-to one’ post hoc test showed 
significant difference between SBC and BBC in tumor tissues. dP‑value was calculated by Fisher's exact test or one-way ANOVA followed by 
Dunnett's ‘many‑to one’ post hoc test between variables of SBC and MPC.  Dunnett's ‘many‑to one’ post hoc test showed significant difference 
between SBC and MPC in tumor tissues. eThese variables could be counted more than twice because of the number of tissue. fThe cut-off 
value of 1 was determined by the median value. gROC determined the cut-off value of 1.5 for multivariate analysis. BMI, body mass index; 
HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; TNBC, triple‑negative breast cancer; T, tumor size; N, lymph node 
metastasis; M, distant metastasis; ly, lymphatic invasion; v, venous invasion; rSAT, relative expression of satellite alpha transcripts; OR, odds 
ratio; CI, confidence interval.
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continuous variables are presented in each table. Multivariate 
analysis was performed by logistic regression. The level of 
statistical significance was set at P<0.05 unless otherwise 
specified.

Results

Comparisons of clinical and pathological features in patients 
with breast cancer. Our analysis included 167 patients divided 
into three groups according to their clinical characteristics 
(Fig. 1A) including 120 patients with SBC (which excluded 
those with MPC), 27 patients with BBC (including 13 with 
synchronous BBC and 14 with metachronous BBC), and 

27 patients with MPC (including 4 with cervical cancer, 
4 with gastric cancer, 3 with colorectal cancer, 3 with pancre-
atic cancer or IPMN, 2 with uterine cancer, 2 with ovarian 
cancer, 2 with myelodysplastic syndromes and lymphoma, 
and one each with lung cancer, thyroid cancer, biliary tract 
cancer, tongue cancer, renal cancer, and retroperitoneal 
sarcoma). Seven patients were included in both the BBC and 
MPC groups. Clinicopathological factors of SBC patients 
were compared to those of the BBC and MPC cases (Table I).

Relative expression level of SAT (rSAT) in patients with SBC, 
BBC or MPC. We measured rSAT levels in tumor tissues 
(Fig. 2A) and normal tissues (Fig. 2B) in each group. First, 

Figure 1. Three groups of patients with SBC, BBC, and MPC. (A) Patients were divided into three groups according to patient clinical characteristics: SBC 
(n=120), BBC (n=27) and MPC (n=27). Seven patients were included in both the BBC and MPC groups. Statistical analyses were used to compare SBC to 
BBC and SBC to MPC. (B) Patients harboring no BRCA-related clinical features were divided into three groups according to their clinical characteristics: 
SBC (n=64), BBC (n=18) and MPC (n=20). Six patients were included in both BBC and MPC. BBC, bilateral breast cancer; SBC, single breast cancer; 
MPC, multiple primary cancer.

Figure 2. Comparison of rSAT levels between patients with SBC, BBC and MPC. Significant difference in rSAT levels was determined in the tumor tissues, 
(A) but not in the normal tissues. (B) The y-axis indicates rSAT levels calculated as log (SAT/GAPDH) as determined by RT-qPCR. The error bar represents 
the standard deviation. *P<0.05. rSAT, relative expression of satellite alpha transcripts; BBC, bilateral breast cancer; SBC, single breast cancer; MPC, multiple 
primary cancer.
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we performed univariate analysis to determine the associa-
tion between several factors and the probability of developing 
BBC. Comparing SBC with BBC, univariate analysis revealed 
that the rSAT level in tumor tissues was the only significant 
factor associated with BBC development [1.20 (‑0.0139–3.44) 
in SBC vs. 1.89 (0.201-3.28) in BBC; P=0.0312] (Table IA 
and Fig. 2A). Comparing SBC with MPC, univariate analysis 
revealed that T (P=0.0255) and rSAT level in tumor tissues 
[1.20 (‑0.0139‑3.44) in SBC vs. 1.79 (0.690‑2.60) in MPC; 
P=0.0420] were significantly associated with MPC develop-
ment (Table IA and Fig. 2A).

For multivariate analysis, we established cut-off values for 
rSAT level (according to ROC curve analysis) of 1.58 [area 
under the ROC curve (AUC): 0.649, 95% confidence interval 
(CI): 0.534‑0.764; sensitivity, 0.735; specificity, 0.621) for tumor 
tissues in BBC and 1.54 (AUC: 0.679, 95% CI: 0.578-0.780; 
sensitivity, 0.709; specificity, 0.615) for tumor tissues in MPC. 
Based on these data, we utilized a cut‑off value of 1.5 for multi-
variate analysis. Similarly, in normal tissues, the cut-off values 
were 2.47 (AUC: 0.615, 95% CI: 0.481-0.750; sensitivity, 0.770; 
specificity, 0.542) for rSAT level in BBC and 2.32 (AUC: 0.559, 
95% CI: 0.406‑0.713; sensitivity, 0.689; specificity, 0.421) for 
rSAT level in MPC. Based on these data, we utilized a cut‑off 
value of 2.4 for multivariate analysis. Multivariate stepwise 
logistic regression analysis showed that high rSAT levels in 
tumor tissue (cut-off: 1.5, determined by ROC) and low T 
(T = 0.1; cut-off: 1, determined by the median) were retained 
as significant factors [odds ratio (OR): 2.96, 95% CI: 1.15‑7.61; 
P=0.0243 for rSAT level in tumor tissues; and OR: 8.07, 
95% CI: 1.79-36.3; P=0.00652 for T) (Table IB).

However, we failed to confirm the significance of high 
rSAT levels in normal tissues. We excluded 71 patients 
with BRCA-related clinical features, including a family 
history of breast cancer, pathological TNBC (including 
18 patients with SBC, 4 with BBC, and 2 with MPC), 

history of ovarian cancer, and younger age (<50 years). We 
then performed analyses using the remaining 96 patients 
(Table II), who were divided into three groups [i.e., SBC 
(n=64), BBC (n=18; including 10 patients with synchro-
nous BBC and 8 with metachronous BBC), and MPC 
(n=20; including 3 with cervical cancer, 4 with gastric 
cancer, 2 with colorectal cancer, 3 with pancreatic cancer 
or IPMN, 1 with uterine cancer, 2 with myelodysplastic 
syndromes and lymphoma, and 1 each with lung cancer, 
thyroid cancer, biliary tract cancer, renal cancer, and retro-
peritoneal sarcoma)] (Table IIIA and Fig. 1B). Univariate 
analysis revealed that T (P=0.0328), rSAT level in tumor 
tissues [1.08 (‑0.0139‑2.79) in SBC vs. 1.95 (0.736‑3.28) 
in BBC; P=0.000330] (Fig. 3A), and rSAT level in normal 
tissues [1.74 (‑0.0331‑3.38) in SBC vs. 2.53 (1.38‑3.87) in 
BBC; P=0.0310] (Fig. 3B) were significant factors for BBC 
development (Table IIIA). Multivariate stepwise logistic 
regression analysis showed that high rSAT level in normal 
tissues (cut-off: 2.4, determined by ROC) was the only 
statistically significant factor (OR: 22.7, 95% CI: 3.43‑151; 
P=0.00120) (Table IIIB). Comparing SBC and MPC, 
univariate analysis revealed that T (P=0.00960) and rSAT 
level in tumor tissues [1.08 (‑0.0139‑2.79) in SBC vs. 1.71 
(0.693-2.50) in MPC; P=0.0286] (Fig. 3A) and rSAT level in 
normal tissues [1.74 (‑0.0331‑3.38) in SBC vs. 2.51 (1.41‑3.87) 
in MPC; P=0.0267] (Fig. 3B) were significant factors for 
MPC development (Table IIIA). Additionally, multivariate 
stepwise logistic regression analysis showed that high 
rSAT level in normal tissues (cut-off: 2.4, determined by 
ROC) was the only statistically significant factor (OR: 13.0, 
95% CI: 2.09-81.0; P=0.00601) (Table IIIC). In total, 20.0% 
of normal tissues showed high rSAT levels (>2.4) among all 
167 patients, and 15.5% of normal tissues showed high rSAT 
levels (>2.4) among 96 patients harboring no BRCA-related 
features (Table II). These data suggested that 15 to 20% of 

Table II. Clinicopathological features of the 96 patients who harbored no BRCA‑related clinical features.

 Data values
 ----------------------------------------------------------------------------------------------------------------------------------
Variables (median or n) (range or %)

Age (years) 66  50-89
BMI (kg/m2) 23  14-38
Follow-up period (months) 25.5  1.16-38.7
BBC (negative/positive) 78/18 81.2/18.7 
HER2a (negative/positive) 46/37 (NA20) 44.7/35.9
ERa (negative/positive) 10/73 (NA20) 9.71/70.9 
MPC (negative/positive) 76 / 20 79.2/20.8
Ta (0/1/2/3/4) 19/49/23/6/4 (NA2) 18.5/47.6/22.3/5.83/3.88
Na (0/1,2) 76/27   73.8/26.2
M (0/1) 92/4  95.8/4.16
lya (0/1/2/3) 28/40/1/3 (NA31) 27.2/38.8/0.97/2.91
va (0/1/2) 39/32/1 (NA31) 37.9/31.1/0.97

aThese variables could be counted more than twice because of the number of tissue. BMI, body mass index; HER2, human epidermal growth 
factor receptor 2; ER, estrogen receptor; TNBC, triple‑negative breast cancer; T, tumor size; N, lymphnode metastasis; M, distant metastasis; 
ly, lymphatic invasion; v, venous invasion; rSAT, relative expression of satellite alpha transcripts; NA, not available.
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patients had a high risk of developing BBC and MPC based 
on normal tissue features.

Discussion

We demonstrated that satellite alpha transcripts (SAT) in 
tumor tissues were involved in the development of BBC 

and MPC in 167 patients with breast cancer. However, in 
our initial analysis, SAT in normal tissues did not have 
predictive value, which might be explained by selection 
bias of the SBC patients harboring BRCA-related clinical 
features and higher or lower rSAT levels in normal tissues. 
We excluded these patients for sub‑analysis, finding higher 
normal-tissue rSAT levels in patients with both BBC 

Table III. Clinicopathological features of patients who harbor no BRCA‑related clinical features and multivariate analyses to 
predict BBC and MPC.

A, Clinicopathological features of patients who harbored no BRCA‑related clinical features with single breast cancer (SBC), 
bilateral breast cancer (BBC) and multiple primary cancer (MPC)

Variables SBC (n=64) BBC (n=18) P-valueb MPC (n=20) P-valuec

Agea (years) (<63/≥63) 22/41    11/7 0.0593 9/14 0.801
BMI (kg/m2) (≥25/<25) 26/38 9/8 0.783 7/13 0.795
HER2d (negative/positive) 31/25 9/7 1.00 7/8 0.574
ERd (negative/positive) 8/48 1/15 0.673 2/13 1.00
Td (0/1/2/3/4) 6/31/18/6/4 8/9/4/0/0 0.0328 7/12/1/0/0 0.00960
Nd (0/1,2) 44/21 19/4 0.281 4/19 0.284
M (0/1) 61/2 17/1 0.535 19/1 0.547
lyd (0/1/2/3) 18/31/1/2 5/4/0/1 0.438 7/6/0/0 0.668
vd (0/1/2) 27/24/1 6/4/0 0.783 9/4/0 0.487
rSAT of tumor tissue [median (range)] 1.08 (‑0.0139‑2.79) 1.95 (0.736‑3.28) 0.000330 1.71 (0.693‑2.50) 0.0286
rSAT of normal tissue [median (range)] 1.74 (‑0.0331‑3.38) 2.53 (1.38‑3.87) 0.0310 2.51 (1.41‑3.87) 0.0267

B, Multivariate analysis to predict BBC in patients who do not have BRCA‑related clinical features

 Multivariate analysis Stepwise multivariate analysis
 ------------------------------------------------------------------- -----------------------------------------------------------------------
Variables OR 95% CI P-value OR 95% CI P-value

Te (0,1 vs. 2,3,4) 2.51 0.349-18.0 0.361 Excluded
rSAT of tumor tissuef (>1.5 vs. ≤1.5) 7.11 0.664‑76.0 0.105 Excluded
rSAT of normal tissueg (>2.4 vs. ≤2.4) 14.2 1.74‑117 0.0133 22.7 3.43‑151 0.00120

C, Multivariate analysis to predict MPC in patients who do not have BRCA‑related clinical features

 Multivariate analysis Stepwise multivariate analysis
 ----------------------------------------------------------------- ------------------------------------------------------------------------
Variables OR 95% CI P-value OR 95% CI P-value

Th (0,1 vs. 2,3,4) - 0.00-inf 0.994 Excluded
rSAT of tumor tissuei (>1.5 vs. ≤1.5) 1.20 0.164‑8.80 0.858 Excluded
rSAT of normal tissuej (>2.4 vs. ≤2.4) 10.0 0.777‑129 0.0774 13.0 2.09‑81.0 0.00601

aThe age cut-off value of 63 years was determined by the median value. bP-value was calculated by Fisher's exact test or one-way ANOVA 
followed by Dunnett's ‘many‑to one’ post hoc test between variables of SBC and BBC. Dunnett's ‘many‑to one’ post hoc test showed significant 
difference between SBC and BBC in both tumor and normal tissues. cP-value was calculated by Fisher's exact test or one-way ANOVA 
followed by Dunnett's ‘many‑to one’ post hoc test between variables of SBC and MPC. Dunnett's ‘many‑to one’ post hoc test showed signifi-
cant difference between SBC and MPC in both tumor and normal tissues. dThese variables could be counted more than twice because of the 
number of tissue. eThe cut-off value of 1 was determined by the median value. fROC determined the cut-off value of 1.5 for multivariate 
analysis. gROC determined the cut-off value of 2.4 for multivariate analysis. hThe cut-off value of 1 was determined by the median value. i ROC 
determined cut-off value of 1.5 for multivariate analysis. jROC determined cut off value of 2.4 for multivariate analysis. BMI, body mass index; 
HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; TNBC, triple‑negative breast cancer; T, tumor size; N, lymphnode 
metastasis; M, distant metastasis; rSAT, relative expression of satellite alpha transcripts; OR, odds ratio; CI, confidence interval.
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and MPC relative to those in patients with SBC. In these 
selected patients with breast cancer, multivariate analysis 
revealed rSAT levels >2.4 in normal tissues as a significant 
predictor of development of BBC (OR, 22.7; P=0.00120) 
and MPC (OR, 13.0; P=0.00601). Our data indicated that 
patients with breast cancer and exhibiting high rSAT levels 
in normal breast tissues had a 10- to 20-fold increased risk 
for the development of multiple cancers when they harbored 
no BRCA-related clinical features. These patients had been 
excluded from the high-risk group for BBC; however, our 
subsequent results highlighted unique findings.

Well-established risk factors for bilateral breast cancer 
include young age, a family history of breast cancer, and 
TNBC, which are strongly associated with familial cancer due 
to a BRCA mutation (1-5,27). Nevertheless, some noncarriers 
of BRCA mutations show a high cumulative risk for BBC and 
similar to that in women with BRCA mutations (27). The prev-
alence of BRCA mutations was found to be 16.3% (34/209) for 
Korean breast cancer patients with BBC, implying that genetic 
testing for BRCA is insufficient to determine predisposition for 
BBC (29). Moreover, despite the increased risk for developing 
BBC in patients harboring these factors, few clinical risk 
factors for BBC have been identified.

Epigenetic alterations are frequently observed in normal 
tissues surrounding cancer tissues and can contribute to 
epigenetic field cancerization. Epigenetic alterations have been 
identified in many types of human cancers in connection with 
carcinogenesis in the absence of genetic sequence abnormali-
ties (22-24,30) and associated with chromosomal instability. 
We previously evaluated DNA demethylation and its targets, 
including repetitive sequences, LINE-1, and SAT, demon-
strating that increased SAT-demethylation levels in normal 
tissues of the stomach are associated with susceptibility to 
multiple gastric cancers (21), and that LINE-1 demethylation 
levels in normal tissues of patients with colon cancer are 
associated with multiple primary colon cancer (10,21). These 
results indicate that demethylation of satellite DNAs plays an 

important role in field cancerization, resulting in the develop-
ment of multiple primary cancers. Moreover, our previous 
study revealed that rSAT levels were correlated significantly 
with levels of SAT hypomethylation (25), indicating that the 
rSAT level is involved in the development of multiple cancers. 
Additionally, a study of mitotic errors in SAT-transfected 
cells indicated that SAT overexpression induces chromosomal 
alterations (25). Our data combined with those of previous 
studies indicate a potential role of epigenetic alterations in 
field cancerization and its contribution to the development of 
multiple cancers of the stomach, colon and breast. The possi-
bility that demethylation-associated overexpression of satellite 
sequences and its correlation with chromosomal instability 
results in field cancerization underlying the development 
of multiple cancers is highly speculative. Furthermore, it is 
possible that field cancerization may occur prior to the pres-
ence of chromosomal instability.

Regarding prophylactic surgery, of 496,488 women 
diagnosed with unilateral invasive breast cancer, 59.6% 
underwent breast-conserving surgery, 33.4% underwent 
unilateral mastectomy, and 7.0% underwent CPM; however, 
the survival benefits remain controversial. Mortality does not 
differ between bilateral mastectomy and breast-conserving 
surgery plus radiation (16), and studies report that prophylactic 
mastectomy can decrease the risk of future breast cancer 
by 90 to 97% (31). The National Comprehensive Cancer 
Network Guidelines and Preventive Service Task Force 
Recommendations suggest that prophylactic mastectomy 
should be part of the discussion among patients who test posi-
tive for BRCA mutations or have a strong family history of 
breast cancer (32). Howard-McNattesal reported that 37% of 
BRCA-negative patients at their institution chose contralateral 
prophylactic mastectomy, and another study reported that 
83.4% of patients who underwent contralateral prophylactic 
mastectomy did not have a known BRCA mutation (33). 
Contralateral prophylactic mastectomy is acceptable to reduce 
fear or to circumvent the risk of developing a second primary 

Figure 3. Comparison of rSAT levels between SBC, BBC and MPC from patients lacking BRCA‑related clinical features. Significant difference in rSAT levels 
was determined in the tumor tissues (A) and in the normal tissues. (B) The y-axis indicates rSAT levels calculated as log (SAT/GAPDH) as determined by 
RT-qPCR. The error bar represents the standard deviation. *P<0.05, **P<0.001. rSAT, relative expression of satellite alpha transcripts; BBC, bilateral breast 
cancer; SBC, single breast cancer; MPC, multiple primary cancer.



KAKIZAWA et al:  SAT PREDICT BILATERAL BREAST AND MULTIPLE PRIMARY CANCERS864

breast cancer, but insufficient surgery should be avoided. In 
our study, patients with rSAT levels >2.4 in normal tissues had 
a 20-fold increased risk of BBC when lacking BRCA-related 
clinical features. Our data provide important information for 
treatment decisions.

MPC in other organs is also likely to develop in patients 
with breast cancer. Massive autopsy data demonstrate that 
patients with breast cancer have a generally increased risk of 
developing MPC in other organs, such as ovarian, pancreatic, 
and skin cancer, and a decreased incidence of colorectal 
and cervical cancer (6). Patients in our study developed 
six gynecologic (22.2% in patients with MPC), seven 
gastrointestinal (25.9% in patients with MPC), and three 
pancreatic cancers (11.1% in patients with MPC), as well as 
other types of cancer. Kato et al (34) reported that 7.58% of 
patients develop primary breast cancer after the resection of 
colorectal cancer. In the present study, our data revealed a 
high frequency of gynecologic and gastrointestinal MPCs, 
suggesting the need for wide surveillance, from gynecologic 
to gastrointestinal areas, for patients who harbor higher rSAT 
levels in normal tissues.

This study has limitations. The normal breast tissue was 
donated during surgical operations, and SAT-expression 
levels in normal tissues could only be assessed after surgery. 
It is difficult to accurately obtain normal breast tissues around 
malignant tumors by preoperative biopsy; however, it is 
possible to resolve the difficulty of obtaining normal tissue 
samples preoperatively by measuring SAT preoperatively 
using plasma samples. Kondratova et al (35) measured two 
subtypes of satellite DNA (HSATII and GSATII) in blood 
plasma by RT-PCR, finding that transcript levels differed 
between healthy donors and patients with colon cancer. 
Similarly, plasma SAT levels in patients with breast cancer 
may be higher than those in healthy donors, and these levels 
in patients with BBC or MPC may also be higher than those 
in patients with SBC. These levels might provide a basis for 
detecting the risk of developing BBC and MPC preopera-
tively. Moreover, the continual measurement of plasma SAT 
levels during follow-up might provide insight into the need for 
surveillance testing.

In conclusion, we demonstrated for the first time a strong 
association between SAT-expression levels in normal breast 
tissues and the development of BBC, as well as MPC, in other 
organs when patients with breast cancer lack BRCA-related 
features. Additionally, these patients exhibited a 22- and 
13-fold increased risk for the development of BBC and MPC, 
respectively. Importantly, these patients lacking BRCA-related 
features had previously been excluded from high-risk BBC 
categorization; therefore, our study improves the under-
standing of the risk for the development of BBC and MPC and 
the need for prophylactic surgery.
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