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Table 1 continued

Characteristics

Number of patients (total = 66)  3-year RFS rate (%) Univariate analysis p value®  Multivariate analysis

Hazard ratio (95 % CD) p value”

Tumor differentiution

‘Well/moderate 50 33.6

Poorly 16 409
EGFR mutation

Mutant 18 41.6

Wild-type 48 33.6
KRAS mutation

Mutant 6 222

Wild-type 60 369
Adjuvant chemotherapy

Yes 33 49.8

No 33 202

0.867

0.604

0.659

0.0217 1
2.05(1.08-387)

0.028°

#S performance status, CEA preoperative serum carcinoembryonic antigen level, LNR lymph node ratio

¥ Denotes significance
* Log-rank test
" Cox’s proportional hazard model

less than 10 nodes were harvested were also included in
this study because all underwent dissection of all the nodal
stations mentioned above. The LNR was defined as the
number of involved nodes divided by the total number of
nodes removed [22].

DNA extraction and mutational analysis

After surgical removal, a portion of each sample was
immediately frozen and stored at —80 °C prior to DNA
extraction. Genomic DNA was extracted from a 3-5 mm
cube of tumor tissue using DNA Mini Kits (Qiagen,
Hilden, Germany), and subsequently diluted to a concentra-
tion of 20 ng/pL. EGFR and KRAS mutations in lung can-
cer tissues were analyzed via PNA-enriched sequencing, as
described previously [23-25].

Statistical analysis

The recurrence-free survival (RFS) was defined as the time
between the date of resection and the date of the first recur-
rence of lung cancer or the date of death from any cause.
Patients without recurrence were censored from the analy-
sis at the time of the last negative follow-up. The length of
the recurrence-free period was measured from the date of
surgery 1o the date of the first recurrence or the last follow-
up. The recurrence-free proportion (RFP) was defined as the
ratio of the patients who were free from recurrence. Patients
without recurrence were censored from the analysis at the
time of the last negative follow-up, and patients who died
without evidence of recurrence were also censored.
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To determine the appropriate prognostic SUV, . and
LNRs, patients were subdivided into two cohorts via
receiver operating characteristic (ROC) curve analyses. In
univariate analyses, the RFS rate and RFP were estimated
by the Kaplan—-Meier method, and among-group survival
differences were compared using the log-rank test. Multi-
variate analyses were performed using Cox’s proportional
hazard model. The Chi square test was performed for com-
parison of the relationship between the SUV . the LNR,
and clinicopathological features.

All reported p values were two-sided. and the sig-
nificance level was set at p < 0.05. All analyses were per-
formed using the SPSS version 20.0 software program (Dr.
SPSS 1 for Windows, standard version 20.0; SPSS Inc.,
Chicago, 1L, USA).
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Results
Patient characteristics

The characteristics of all 66 patients with lymph node
metastases are listed in Supplementary Table 1. The median
patient age was 69 years, and 46 males were included. The
histological findings were as follows: adenocarcinoma
(n = 46), squamous cell carcinoma (n = 18), large cell car-
cinoma (n = 1), and large cell neuroendocrine carcinoma
(n = 1). The SUV ,, ranged from 1.19 to 17.30 (median
3.5). A total of 27 patients were of pathological N1 and 39
were of N2. EGFR mutations were detected in 18 patients
(27 %) and 33 (50 %) received adjuvant chemotherapy.
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Table 2 Prognostic factors of the recurrence-free proportion

Characteristics

Number of patients (total = 66)

3-vear RFP (§2)  Univariate analysis p value®

Multivariate analysis

Hazard ratio (95 % Cl) p value®

Age (years)

<70 35

=70 31
Sex

Male 46

Femule 20
PS

0 58

1 8
Smoking history

Never 16

Ever 50
CEA (ng/mL)

<50 43

>5.0 23
Laterality

Right 39

Left 27
Clinical nodal staging

cNO 41

eN1 16

¢N2 9
Histology

Adenocarcinoma 46

Non-adenocarcinoma 20
SUV,,, of the imor

=65 23

>6.3 43
Pathological T status

pTl 2

pT2-4 54
Pathological nodal involvement

pN1 27

pN2 39
LNR

<0.12 30

>0.12 36
Lymphatic permeation

Ly (—) 5

Ly (+) 61
Vascular invasion

V(=) 14

Vi(+) 52
Pleural invasion

PL (=) 25

PL (+) 41

39.7
39.3

41.6
34.3

40.6
263

43.8
37.7

409
36.6

384
38.5
44.4

43.7
295

74.1
23.0

75.0
29.6

533
316

62.6
23.0

29.6
41.8

50.6
322

0.987

0.402

0.530

G.837

0.446

0.742

0.971

0.337

<0,0017

0.017°

0.039"

<0,001"

0.126

0.593

0.147

1
4.48 (1.79-11.20»

1
1.65 (0.48-5.66)

1
1.09 (0.65-1.83)

i
2.86 (0.98-8.39)

0.001°

0.427

0.750

0.055
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Table 2 coniinued

Characteristics Number of patients (total = 66)  3-year RFP (%)  Univariate analysis p value®  Multivariate analysis
Hazard ratio (95 % CI)  p value®
Tumor differentiation
Well/moderate 50 37.5 0.871
Poorly 16 43.6
EGFR mutation
Mutant 8 41.6 0.872
Wild-type 48 384
KRAS mutation
Mutant 6 444 0.897
Wild-type 60 39.0
Adjuvant chemotherapy
Yes 33 53.2 0.047° 1 0.062
No 33 225 1.89 (0.97~3.68)

RFP recurrence-free proportion, PS performance status, CEA preoperative serum carcinoembryonic antigen level, LNR lymph node ratio

* Denotes significance
* Log-rank test
® Cox’s proportional hazard model

Supplementary Figure 2A shows the overall survival (0S)
curve. The median follow-up time for surviving patients was
28.8 months. The overall 5-year survival rate after surgery was
47.2 %. The RFS curve is shown in Supplementary Figure 2B.
The recurrence-free S-year survival rate was 27.9 %.

Recurrence-free survival, recurrence-free proportion,
and independent prognostic factors

Supplementary Figure 3 shows an ROC curve identify-
ing optimal cut-off values for the LNR and the SUV , in
predicting lung cancer recurrence. The ROC areas under
the curve were 0.683 (p = 0.013) for the LNR and 0.694
(p = 0.007) for the SUV ... and the cut-off values were
determined to be 0.12 for the LNR and 6.5 for the SUV ..

A univariate analysis showed that the twmor SUV, ..
pathological T status, the LNR, and administration of adju-
vant chemotherapy were significant prognostic factors
regarding the RFS (Table 1). A multivariate analysis revealed
that a tumor SUV . higher than 6.5. an LNR over 0.12, and
lack of adjuvant chemotherapy were significant, independent
predictors of a poorer RFS [SUV . >6.5: hazard ratio (HR)
3.88. p = 0.002: LNR >0.12: HR 2.18, p = 0.023; adjuvant
chemotherapy: HR 2.05, p = 0.028] (Table 1).

We also determined the RFP focusing exclusively on lung
cancer recurrence (Table 2). A univariate analysis showed
that the tumor SUV ... pathological T status, pathological
nodal stage, the LNR. and adjuvant chemotherapy were sig-
nificant prognostic factors regarding the RFP (Table 2). A
multivariate analysis revealed that a wmor SUV . greater
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than 6.5 was a significant, independent predictor of relapse
(max SUV >6.5: HR 4.48, p = 0.001) (Table 2). Although
significance was not attained, the LNR and adjuvant chem-
otherapy also exerted marginally significant prognostic
impacts on recurrence (p = 0.055 and p = 0.062, respec-
tively). Regarding the OS, the tumor SUV ., pathological
T status, EGFR mutation, and KRAS mutation were signifi-
cant prognostic factors according to the univariate analysis.
However, no independent significant factor of the OS was
evident upon the multivariate analysis (data not shown).

Table 3 shows the relationships between clinicopatho-
fogical features and the two independent prognostic fac-
tors (the SUV . and the LNR). The SUV _ was signifi-
cantly associated both with the histology and pathological
T status, and the LNR exhibited significant relationships
with sex, pathological nodal involvement, and lymphatic
permeation.

Recurrence-free survival by independent prognostic
factors

The RFS curves stratified by the numbers of the two
independent risk factors, i.e., an SUV . higher than 6.5
and an LNR over 0.12, are shown in Fig. la. All among-
group survival differences were significant. The prog-
nosis of the no-risk-factor group was optimal (3- and
S-year RFS rates were both 91.7 %), whereas that of the
two-risk-factor group was extremely poor (3- and S-year
RFS rates were 12.0 and 6.0 %, respectively). The RFP
curves drawn by reference to the numbers of the same
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Table 3 Relationship between the SUV,

maxe

LNR, and clinicopathological features

Variables N SUV max p value® LNR p value®
<6.5(N=23) >6.5 (N =43) <0.12 (N =30) >0.12 (N = 36)

Age (years)
<70 35 13 22 0.678 15 20 0.652
=70 31 10 21 15 16

Sex
Male 46 15 31 0.562 25 21 0.028°
Female 20 8 12 5 15

PS
0 hH 22 36 0.157 26 32 0.783
1 8 1 7 4 4

Smoking history
Never 16 7 9 0.391 6 10 0.463
Ever 50 16 34 24 26

CEA (ng/mLy
<5.0 43 17 26 0.275 21 22 0.450
>5.0 23 6 17 14

Laterality
Right 39 15 24 0.459 18 21 0.891
Left 27 8 19 12 15

Clinical nodal staging
N0 41 i8 23 0.082 20 21 0.074
¢Ni 16 2 14 9 7
eN2 9 3 6 1 8

Histology
Adenocarcinoma 46 2] 25 0.005" 19 27 0.304
Non-adenocarcinoma 20 2 18 1 9

SUV,,,,, of the tumor
=6.5 23 - - 12 11 0.423
>0.5 43 - - 18 25

Pathological T status
pT1 12 8 4 00117 8 4 6.103
pT2-4 5415 39 2 32

Pathological nodal involvement
pN1 27 8 19 0459 24 3 <q.00t°
pN2 39 15 24 0 33

Lymphatic permeation
Ly (=) 5 3 2 0.220 5 0 0.011°
Ly () 6l 20 41 25 36

Vascular invasion
Vi) 14 4 10 0.579 9 5 0111
V(+) 52 19 33 21 31

Pleural invasion
PL(~) 25 12 13 0.080 15 10 0.064
PL (+) 41 H 30 15 26

Tumor differentiation
Well/moderate 50 18 32 0.729 24 26 0463
Poorly 16 5 11 6 10
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Table 3 continued

Variables N SUV max p value® LNR p value*
6.5 (N =23) >6.5 (N =43) <042 (N = 30) >0.12(N = 36)

EGFR mutation
Mutant 18 8 10 0.316 6 12 0.226
Wild-ype 48 15 33 24 24

KRAS mutation
Mutant [ 2 4 0.935 3 3 0.815
Wild-type 60 21 39 27 33

PS performance status. CEA preoperative serum carcinoembryonic antigen level. LNR lymph node ratio

 Denotes significance

* Pearson's Chi square test

Fig. 1 Recurrence-free survival
curves stratified by two inde-~
pendent risk factors, an SUV |
higher than 6.5 and an LNR
higher than 0.12, are shown (a).
The survival differences among
all groups were significant. The
prognosis of the no-risk-factor
group was optimal {in terms

of the 3- and 5-year RFS rates:
both 91.7 %}, whereas that of
the ore-risk-factor group was
intermediate (3- and 5-year RFS
rates: 38.1 and 28.6 %, respec-
tively), and that of the two-risk-
factor group was extremely
poor (3- and 5-year RES rates:
12.0 and 6.0 %, respectively).
As the number of risk factors
increased. the survival rates
decreased. Recurrence-free
proportion curves by the num-
bers of the same risk factors

are shown in b, The survival dif-
ferences were similar to those
exhibited by the RFS curves,
and all among-group survival
differences were significant.

All patients with no risk factors
remained relapse-free during
the follow-up

1ax

risk factors are shown in Fig. Ib. The survival differences
were similar to those revealed by the RFS curves, and all
among-group survival differences were significant. All
patients with no risk factors remained relapse-free during

the follow-up.
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Recurrence Free Survival Rate

0.0 -

No Risk factor (N=12)

P-values in survival difference

| S—

2 Risk factors (N=25)

P-value®
NoRFvs 1RF 0.01
2 RFs < 0.001
1RFsvs 2RFs 0.005

# 1 by log-rank test. RF: risk factor

=

T T T

1 2 3 4 5
Time after surgery {years}

Recurrence Free Proportion

0.0

No Risk factor (N=12)

-
L

1 Risk facto_[ Qﬁlzg)

Time after surgery (years)

P-values in survival difference

P-value™

NoRFvs 1RF 0.005
2RFs < 0.001

1RFsvs 2RFs 0.001

#: by log-rank test. RF: risk factor

Figure 2 shows the RFS curves according to the admin-
istration (or not) of adjuvant chemotherapies in various
groups differing in the numbers of risk factors. Although
no significant survival difference was evident between the

no-risk-factor group (Fig. 2a) and the one-risk-factor group
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Fig. 2 Recurrence-free survival
curves by treatment or not
with adjuvant chemothera-

T Adjuvant chemotherapy(+)

-
©

pies in terms of the numbers
of risk factors present (a no
risk factor, b one risk factor. ¢
two risk factors). Although no
significant survival difference
was evident between the no-
risk-factor group (p = 0.237, a)
and the one-risk-factor group
(p = 0.694, b), the prognoses
of patients given adjuvant
chemotherapies were better
than others. In particular, in the

Recurrence Free Survival Rate
o =) o ©
N EN » @
L ) ¢

o
©
L

Adjuvant chemotherapy(-)

e
@

b
o
L

e
'y

Adjuvant chemotherapy(-)

Recurrence Free Survival Rate
o
9

P=0.237 P=0.694

o
o

two-risk-factor group, the sur- T :
. . ISR 0 1 2 3

vival difference was significant

(p=0022,¢)

Time after surgery (vears)

4 o 1 2 3 4

Time after surgery (years}

C
7 P=0.022
@
3
= 08~
©
2
5
& 06
g .
u Adjuvant chemotherapy{+)
® 04
Q
H 3
£ !
5 1
5 0.2 LL§
0.0 - H;Adjuvant chemotherapy(-)
v r 7 T
0 1 2 3 4 5

Time after surgery (years)

(Fig. 2b), the prognoses of patients who received adjuvant
chemotherapies were better than those who did not receive
such treatment, with reference to each risk factor. In par-
ticular, in the two-risk-factor group the survival of those
who received adjuvant chemotherapy was significantly bet-
ter than that of those who did not receive chemotherapy
(Fig. 2¢).

Figure 3 shows the RFS curves by the SUV in ade-
nocarcinoma (Fig. 3a) and non-adenocarcinoma patients
(Fig. 3b). and by LNRs in adenocarcinoma (Fig. 3¢) and
non-adenocarcinoma patients (Fig. 3d). Regardless of
the histology. patients with an SUV, . higher than 6.5 or
LNRs over 0.12 had poorer prognoses than those without
such values.

Discussion

In the present study, both the SUV, . of the primary
tumor via "F-FDG-PET and the LNR were shown to be

independent prognostic factors of the RFS in NSCLC
patients with lymph node metastases (thus of the patho-
logical N1 and N2). However, only the SUV, . was a good
predictor of tumor recurrence in node-positive NSCLC
patients.

BE.FDG-PET is useful in various forms of lung can-
cer assessment, including the clinical diagnosis, evalua-
tion of the pre-treatment extent of lymph node and distant
metastasis, post-treatment assessment of the metabolic
response, and determination of therapeutic effects after
chemotherapy or radiotherapy [26. 27]. The intensity of
the ""F-FDG accumulation by the main tumor reflects the
metabolic activity thereof.. Previous studies have shown
that "SF-FDG-PET data and the tumor SUV,, are use-
ful to predict recurrence in and the prognosis of NSCLC
patients with stage IA [9]. stage I [8, 28], and stage 1 or I
129, 30] disease, or T1 adenocarcinoma [11]. Okereke et al.
showed that the SUV, . was predictive of the survival, par-
ticularly in patients with no mediastinal lymph node metas-
tasis [10]. A systematic review and a meta-analysis by the
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Fig. 3 Recurrence-free survival
curves stratified by the cut-off
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European Lung Cancer Working Party showed that the
SUV,,.« Was a prognostic value in 13 studies on NSCLC
[31]. The SUV increases when the tumor diameter becomes
greater or when the cancer is at an advanced stage [10, 32].
Therefore, we examined the prognostic significance of the
SUV . in pathological node-positive NSCLC patients. In
practical terms, the SUV,_ . was correlated with the patho-
logical T factor, however, the SUV . was also shown to be
an independent prognostic factor, whereas the pathological
T factor was not. Our study thus suggests that the SUV-
max Of the main tumor could be the most valuable surrogate
marker of tumor aggressiveness and cancer recurrence in
NSCLC patients with lymph node metastases. "*F-FDG-
PET findings on primary tumors have been reported to pre-
dict both the survival and local control in NSCLC patients
treated with radiotherapy [33, 34] and chemoradiotherapy
[35, 36]. This suggests that '*F-FDG-PET is also useful for
cvaluating the prognoses of patients with locally advanced
lung cancer, regardless of treatment modality.

The LNR has also been reported to be a good predic-
tor of recurrence and the survival after complete resection
of NSCLC [13-16, 22, 37-39]. Qiu et al. reported that
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Time after surgery (years)

the LNR was a valuable prognostic marker, particularly in
patients with pathological N1 disease {14]. Some reports
have shown that the LNR was a significant prognostic fac-
tor in N1 NSCLC patients [10, 22, 37], and others showed
that this was also the case in both N1 and N2 patients, or
in one or the other group [13, 15, 38, 39]. The cut-off LNR
values differed among reports, ranging from 0.12 (12 %)
to 0.35 (35 %). Therefore, the “true™ cut-off value must be
validated in a large cohort of N1 and N2 patients, evalu-
ated both individually and in combination, and the signifi-
cance thereof compared with that of N descriptors of the
TNM classification. As the LNR is affected by the number
of dissected and examined lymph nodes [39]. a low cut-
off value could assure the trustworthiness of lymph node
dissection and could also be applied in our present study.
We found that the LNR was closely associated with both
the pathological nodal stage of the TNM classification and
Iymphatic permeation. The LNR may also be an optimal
simple surrogate marker of lymphatic expansion in NSCLC
patients with lymph node metastases.

In the present study, we showed that adjuvant chemo-
therapy was a significant favorable prognostic factor in terms
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of the RFS, and, especially, such therapy was more effec-
tive in high-risk patients with node-positive NSCLC who
had a high SUV . and elevated LNRs. The tumor SUV, .
has also been reported to be a good indicator of the need for
adjuvant chemotherapy in patients with pathological T1b-
2aNOMO lung adenocarcinoma [40]. Wang et al. reported
that the survival rate of a high-LNR group was improved by
adjuvant chemotherapy, but that of a low-LNR group was not
[38]. Urban et al. reported that only N2 patients with LNRs
over 30 % showed survival benefits by postoperative radio-
therapy. These findings support the idea that higher SUV
and LNRs indicate a further need for adjuvant treatment.
Although the survival benefit of adjuvant chemotherapy
might be affected by selection bias, prognostic differences
in the performance status (PS) and age and correlations
between the SUV .. LNRs and PS, age were not significant.

The SUV ., is known to vary by tumor histology. and
the SUV . of squamous cell carcinoma is higher than that
of adenocarcinoma [41]. The SUV . was also associated
with the histological findings in the present study. and we
therefore explored whether the cut-off value for all patients
was the same as the values for both adenocarcinoma and
non-adenocarcinoma patients.  In  non-adenocarcinoma
patients, the small sample size (N = 20) indicated that only
a tendency toward an influence on the survival was evident;
however, in adenocarcinoma patients, a significant survival
difference was evident between the high and low SUV
groups.

There are some limitations associated with the present
study, including the small sample size and the short fol-
low-up duration. It may have been better to investigate the
patient prognoses after stratification into the N classes N1
and N2. However, in this study, the LNR had a stronger
prognostic impact than the nodal status. We were able to
define a suitable LNR cut-off value for our present patient
cohort. We explored the RFS and RFP in terms of the sur-
vival, because of the risk of nodal discase recurrence, how-
ever, no significant between-group survival differences
were observed when it was sought to use variables, includ-
ing LNR and SUV ., to predict the OS.

Conclusions

In conclusion, both the SUV,,. and the LNR serve as
prognostic factors for patients with resected pathologically
node-positive NSCLC. The combination of the SUV,
(a clinical factor) and the LNR (a pathological factor)
is potentially useful to predict the prognoses of NSCLC
patients with pathological nodal disease. Further validation
is required to determine the appropriate cut-off values and
to clarify whether the LNR or nodal status better predicts
the prognosis.
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Abstract

Background The members of AID/APOBEC protein
family possess cytidine deaminase activity that converts
cytidine residue to uridine on DNA and RNA. Recent
studies have shown the possible influence of APOBEC3B
(A3B) as DNA mutators of breast cancer genome. How-
ever, the clinical significance of A3B expression in Japa-
nese breast cancer has not been studied in detail.
Methods  Ninety-three primary breast cancer tissues (74
estrogen-receptor (ER) positive, 3 ER and HER2 positive,
6 HER2 positive, and 10 triple negative) including 37
tumor-normal  pairs  were assessed for A3B mRNA
expression using quantitative real-time RT-PCR. We ana-
lyzed the relation between A3B expression, mutation
analysis of TP33 and PIK3CA by direct sequencing,
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polymorphic A3B deletion allele
mavirus (HPV) infection in tumors.
Results  A3B mRNA was overexpressed in tumors com-
pared with normal tissue. Patients with high A3B expres-
sion were associated with subtype and progression of
lymph node metastasis and pathological nuclear grade.
However, the expression was not related to any other
clinicopathological factors, including mutation of 7P53
and PIK3CA. polymorphic A3B deletion allele, HPV
infection and survival time.

Conclusion  The expression of A3B in breast cancer was
higher than in non-cancerous tissues and was related to the
lymph node metastasis and nuclear grade, which are reli-
able aggressive phenotype markers in breast cancer.
Evaluation of A3B expression in tumor may be a marker for
breast cancer with malignant potential.

and human papillo-

Keywords Breast cancer - APOBEC3B - Nuclear grade

Introduction

Tens of thousands of genomic mutations have been
observed in human cancers, and several mutations are
prerequisites for carcinogenesis. These mutations promote
clonal diversities among cancer cells, and clinically they
also promote metastasis and resistance to therapy [1]. Base
substitutions are the most frequent mode of mutations, and
some of them can be induced by DNA damage from
extrinsic  carcinogens and erroncous DNA  repair
machineries [2]. For most base substitutions, however, the
specific mechanism that introduces them to the cellular
genome remains unclear.

Recent genome-wide analysis of the mutation pattern of
breast cancers confirmed the domination of C to T
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transitions with a strong bias toward 5-TCA-3' context [3].
A nuclear localizing cytidine deaminase, APOBEC3B
(A3B). which shows the sequence preference of TCA sig-
nature in vitro, has been identified as a possible contributor
to the C to T wransitions in breast cancer genome: It works
as the mutational source on genomic DNA of many types
of cancers including breast cancers [4].

In one cohort in the U.S., high expression of A3B mRNA
has been observed in about half of breast cancers [4]. The
authors have also showed in cultured breast cancer cells
that A3B has mutational induction activity on TP33 gene
[4]. A3B expression has been also reported to be induced
transcriptionally by the human papillomavirus (HPV) 16
infection [3]. Breast cancers with high A3B mRNA
expression harbor more mutations in genome and show
poorer post-operative discase-free survival (DFS) among
ER-positive, lymph node negative breast cancers without
adjuvant therapy [6]. This observation suggests that the
mutational function of A3B may contribute to breast cancer
carcinogenesis and/or have prognostic significance among
breast cancers.

In some reports, breast cancers in Asia including Japan
have shown some clinical differences from Western
countries in terms of incidence [7] and outcomes [8]. Those
clinical differences might be, at least in part, attributed to
genetic differences among ethnicities [9]. A common
polymorphism of APOBEC3s gene clustered on 22q13
deletes 29.5 kb region including the entire A3B coding
region, leaving only 3-UTR. The prevalence of the poly-
morphic deletion allele greatly differs among groups:
Higher incidence (40-90 %) of deletion allele has been
reported in East Asian and Pacific Islander populations
than in African and European populations (0.9-6 %) [10.
11]. On the other hand. an intriguing observation on the
deletion polymorphism and genome-wide mutations has
reported that the deletion alleles are found to be a risk
allele for incidence of breast cancer [12]. They have higher
content of APOBEC mutation signature even without A3B
coding regions [2, 13]. It is still under debate how the A3B
deletion allele contributes to breast cancer mutations.
However, the wide variations in prevalence of A3B deletion
allele among various populations strongly suggests differ-
ent influences of A3B in breast cancer carcinogenesis,
development, and prognosis among the population groups.

The purpose of this research is to clarify the clinical
significance of A3B expression in Japanese breast cancer
patients. Therefore, we examined A3B mRNA expression
in primary breast cancer in a Japanese cohort. We also
analyzed the association between A3B expression, A3B
insertion/deletion allele. mutation status of TP33 and
PIK3CA, HPV infection, clinicopathological characteristics
and clinical outcome.

@_ Springer

Materials and methods
Patient samples

Ninety-three patients who underwent surgical excision of
breast cancer at Gunma University Hospital between 2007
and 2012 were involved in the study. Tumor samples were
immediately frozen after surgery and stored at —80 °C
until DNA and RNA isolation. The study was approved by
Ethics Committee for Human Genome Research of Gunma
University Graduate School of Medicine (protocol number
182) and patients provided written informed consent.

RT-qPCR assay for APOBEC3B gene

Total RNA was extracted from breast cancer and adjacent
normal breast tissues using NucleoSpin RNA 11 kit
(Macherey-Nagel) with Mixer Mill MM300 (Retsch)
according to the manufacturer’s instructions. RNA con-
centration was determined by a Thermo Scientific™
NanoDrop Lite. One pg of total RNA was then used for
synthesis of ¢cDNA using a ReverTra Ace gPCR RT Kit
(Toyobo, Osaka, Japan) according to the manufacturer’s
recommendations. One pl of each reverse transcript reac-
tion was used for PCR analysis. The A3B qPCR assay
reactions were performed using KAPA PROBE FAST
qPCR Kits (Kapa Biosystems) in a 20-ul reaction volume
on StepOnePlus™ Systems (Life Technologies) with a
VIC probe for ACTB gene (Life Technologies, 4326315E)
as internal control. The primers and a probe used for the
A3B gene were: forward, 5-CGCCAGACCTACTTGTGC
TA-3 and the reverse, S-GCCACAGAGAAGATTCTTAG
CC-3 (111 bp), Universal Probe Library #39 (Roche). The
cycling conditions used were: initial denaturation at 95 °C
for 3 min, followed by 40 cycles at 95 °C for 3 s and 60 °C
for 20 s.

Mutation status of T7P53 and PIK3CA genes

PCR reactions using ¢cDNA were performed using Kapa
HiFi HotStart ReadyMix PCR Kit (Kapa Biosystems) in a

. 25-ud reaction volume with an initial denaturation step at

95 °C for 3 min, followed by 30 cycles of 98 °C 20 s,
60 °C 15 s, and 72 °C at | min. The final extension step
was at 72 °C for I min. Mutation hotspots in exon 2-11 of
TP33 and exon 9/20 of PIK3CA were assessed by direct
sequencing of the PCR products. Primers used were
TP53fragment1-F:  GACACGCTTCCCTGGATTGGC,
TP53fragmenti-R: GCAAAACATCTTGTTGAGGGCA,
TP53fragmentl-seq: CAGGGGAGTACGTGCAAGTCAC
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AG, TP33fragment2-F: GTTTCCGTCTGGGCTTCTTG
CA, TP53fragment2-R: GGTACAGTCAGAGCCAACCT,
TP53fragment2-seq:  GCCAACCTCAGGCGGCTCATA,
TP53fragment3-F: TGGCCCCTCCTCAGCATCTTA, TP5
3fragment3-R:  CAAGGCCTCATTCAGCTCTC, TP53
fragment3-seq: CGAGTGGAAGGAAATTTGCGT, TP53
fragmentd-F: CGGCGCACAGAGGAAGAGAATC, TP53
fragment4-R:  CAAGGCCTCATTCAGCTCTC, TPS3
fragmentd-seq: GGGGAGCCTCACCACGAGCTG, PIK
3CA_ex9-F: TGGCCAGTACCTCATGGATTAGAA,
PIK3CA_exon9-R:  GAGGCCAATCTTTTACCAAGCA,
PIK3CA _exon9-seq: TACATCTGGGCTACTTCATCTC-
TAG. PIK3CA_exon20-F: AATGCACAAAGACAAGAG
AATTTGAG, PIK3CA _exon20-R: AATTCCTATGCAAT
CGGTCTTTGC. PIK3CA_ex20-seq: GCAGTGTGGAAT
CCAGAGTGAG.

DNA extraction and PCR with HPV 16-specific
primers

Among 93 breast cancer samples in which A3JB mRNA
levels were measured, HPV 16 infection was examined in 88
genomic DNA samples from the available frozen breast
cancer tissue. DNA extraction was performed using
NucleoSpin Tissue kit (Takara bio, Japan) according to the
manufacturer’s protocol. PCR reaction using DNA were
performed using Kapa HiFi HotStart ReadyMix PCR Kit
(Kapa Biosystems) in & 25-pl reaction volume with an initial
denaturation step at 95 °C for 3 min, followed by 40 cycles
of 98 °C 20 s, 60 °C 15 s, and 72 °C at I min, and a final
extension step at 72 °C for | min. Primers used were

HPVI16-F; AGGGCGTAACCGAAATCGGT: HPVI6-R:
CTGAGCTGTCATTTAATTGCTCA. The final PCR pro-
duct of 10 pl was loaded onto 1 % agarose gel, stained with
ethidium bromide, and visualized under UV illumination.

DNA extraction and PCR genotyping assay of A3B
deletion

Among 93 breast cancer samples in which A3B mRNA
levels were measured, A3B deletion allele was examined in
32 genomic DNA samples from available adjacent normal
breast tissue. DNA extraction was performed using
NucleoSpin Tissue kit (Takara bio, Japan) according to the
manufacturer’s  protocol.  We  performed PCR  using
oligonucleotide sequences as described previously [10, 14]:
Deletion F;  TAGGTGCCACCCCGAT:  Deletion_R;
TTGAGCATAATCTTACTCTTGTAC (700 bp): Inser-
tionl_F;  TGTCCCTTTTCAGAGTTTGAGTA:  Inser-
tion]_R: TGGAGCCAATTAATCACTTCAT (705 bp)
{10): Insertion2_F; GAGTGGAAGCGCCTCCTC: Inser-
tion2_R; CTCCTGGCCAGCCTAGC (811 bp) [14].

Insertion and deletion PCR assays were performed
separately. The final PCR product of 10 pl was loaded onto
1 % agarose gel, stained with ethidium bromide, and
visualized under UV illumination.

PCR reactions using DNA (50 ng) were performed
using Phusion High-Fidelity DNA Polymerase (New Eng-
land Biolabs Japan) in a 50-pl reaction volume with an
initial denaturation step at 98 °C for 5 min, followed by 30

Fig. 1 A3B expression in breast 25
wmors and adjacent normal
breast tissues. A3B mRNA 25 PF 0.0003 Median: 0.302
expression relative 10 ACTS in ) ] Normal
37 breast cancer tissue samples 2 @ 2+
and paired with adjacent normal Q | Tumor
breast tissues. A3B expression I 154 Median: 0.051
level i nificantly higher in § 1 ‘
wmor e compared with .
normal tissue (Mann—Whitney }CE 15 0.5+ . . :'
test, p = 0.003) Q 5 Al
- LR RN “de
s 0
?3, Normal Tumor
< 4 {n=37) {n=37
0 D_MMAJJ_LMJ]J};
Samples(n = 37)
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Table 1 Patient characteristics

and AZB mRNA expression Characteristics A3B relative expression p value
level Low expression High expression # = 30
n =103
Age (years) 579 4+ 13.1 549 4 11.6 0.29
Menopausal status 0.52
Premenopausal 25 14
Postmenopausal 38 16
Subtype 0.034%
ER (+) 54 20
ER (+)HER2 (+) 0 3
HER2 (+) 4 2
Triple negative 5 5
PgR 0.64
- 8 10
+ 45 20
Deletion allele (1=32) 0.0019%
Insertion/insertion 1 10
Deletion/insertion 14 7
Stage 0.66
0 1 0
i 21 7
1 35 20
11 6 3
Lymph node metastasis 0.033+
— 40 2
+ 23 18
Lymphatic invasion 0.079%%
- 19 4
-+ 44 26
Venous invasion 0.066%*
- 51 19
+ 12 it
Nuclear grade 0.009*
NG! 17 2
NG2 24 8
NG3 22 20
Fp <0055 p <01
cycles of 98 °C 10,50 °C 30's,and 72 °C at {0 s, and a  Results

final extension step at 72 °C for 3 min.
Statistical analysis

Statistical significance was estimated using Student’s 1 test,
Mann-Whitney test,  ANOVA, and Chi-square test.
Kaplan-Meier curves were generated for overall survival
(08) and DFS, and statistical significance was determined
using the log-rank test. A probability value of <0.05 was
considered significant. All statistical analyses were per-
formed using JMP software (SAS Institute Inc.).

@ Springer

A3B mRNA is expressed in nomor tissues of Japanese
breast cancer patients

First, 1o determine whether A3B was highly expressed in
Japanese breast cancers, we quantified A3B mRNA
expression by RT-gPCR from fresh frozen wumor samples.
Thirty-seven paired adjacent normal breast tissue samples
were also available for A3B quantification (Supplementary
Table 1). A3B/ACTB mRNA levels (median 0.302) in the
breast cancer tissues were significantly higher than in the
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*p<0.05

A3B/ACTB

2 . M

ol == = -
NG1
{n=19)

NG2 NG3
(n=132) (n=42)

Nuclear grade

Fig, 2 A3B mRNA expression level correlates with pathological
nuclear glade. Relative expression levels of A3B mRNA are plotted in
cach pathological nuclear grade group. Box plot shows £=1SD.
Asterisk denotes p < 0.05

adjacent normal  breast tissues (median  0.051)
(p = 0.0003) (Fig. 1). Approximately half of the tumor
tissues showed higher A3B mRNA expression than did the
adjacent normal tissues.

The clinical significance of A3B expression in breast
cancer patients

We divided 93 breast cancer patients into two groups
according to the levels of AIB expression in tumor tis-
sues. The cut off point was the mean expression level of
A3B in tumor (high expression group, 7= 30; low
expression group, n = 63). Clinicopathological factors
were significantly different in the A3B high expression
group. A3B high expression correlated with the breast
cancer subtype (p = 0.034) and progression of lymph
node metastasis  (p = 0.033), Iymphatic invasion
(p = 0.079), venous invasion (p = 0.066). and patholog-
ical nuclear grade (p = 0.009) (Table I; Fig. 2}, com-
pared with the A3B low expression group. Moreover, A38
expression in cases with A3B deletion allele was signifi-
cantly lower than that of cases with A3B insertion allele
(p = 0.0019) (Table 1). No significant differences were
observed regarding age, menopausal status, PgR status, or
clinical stage (Table 1). The status of polymorphic A3B
deletion allele in 32 breast cancer patients was not sig-
nificantly associated with  clinicopathological factors
(Table 2; Supplementary Fig. 1).

A3B mRNA expression levels were not predictors
of clinical ourcome among Japanese breast cancer patients

To determine whether A3B mRNA expression was asso-
ciated with clinical outcome in our Japanese cohort, we
compared DFS and OS in the high and low A3B expression
groups. As a result, we did not find significant differences
in DFS and OS among any patients or in the ER-positive
group (Fig. 3). Among patients with no lymph node
metastasis, patients with high A3B expression were not
associated with DFS or OS (Supplementary Fig. 2).

TP53/PIK3CA driver mutarions and HPV infection were
not associated with A3B expression in breast cancers
in this study

We performed PCR-direct sequence of TP33 and PIK3CA
mutational hotspots from ¢cDNA to determine whether the
level of A3B mRNA expression was associated with 7P33
and PIK3CA driver gene mutation status. 7253 mutation at
exon 2-11 and PIK3CA mutations at exon 9 and exon 20
hotspots were found in 16.7 and 15.7 %, respectively in of
the samples. No correlation was found between A3B
expression and TP53/PIK3CA mutation status in our cohort
(Fig. 4a. by. HPV16 infection, known as an A3B-inducer,
was detected in 27.3 % (24/88) of patients in our cohort,
but the infection was not significantly associated with A3B
expression (Fig. 4¢).

Discussion

In the present study, we found that expression levels of
A3B mRNA in breast cancer tissue were significantly
higher than in adjacent normal breast tissue of Japanese
patients. Moreover, breast cancer patients with high A3B
expression were associated with breast cancer subtype,
progression of lymph node metastasis and pathological
nuclear grade. However, the expression was not related to
the other clinicopathological factors, i.e. mutation of 7P33
and PIK3CA, status of polymorphic A3B deletion allele,
HPV 16 infection and survival time.

The A3B was previously reported overexpressed in
breast tamoral tissue compared to the normal counterpart
|3]. In Western populations, prognostic significance of A3IB
expression in ER-positive lymph node-negative patients
without adjuvant therapy had previously been reported [5].
The Japanese cohort in this study showed no difference in
terms of DFS and OS, even though the overexpression of
A3B observed was the same as in Western countries, This
difference in clinical outcomes suggests a different mode
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Table 2 Relationship of A3B

MRNA expression and patients Characteristics A3B allele p value
characteristics in 32 breast Insertion/insertion Deletion/insertion
cancer patients with or without n=11 n=21
A3B deletion allele
Age (years) 56.6 & 14.7 51.6 4122 0.34
Menopausal status 0.91
Premenopausal 6 1
Postmenopausal 5 16
Subtype
ER (+4) 2 18 0.06%%
ER (+)¥HER2 (+) 2 0
HER2 (+) 0 3
Triple negative 1 0
PgR 0.95
- 2 4
-+ 9 17
Stage .86
1 4 (4]
Il 6 12
1 1 3
Lymph node metastasis 0.17
— 3 18
+ 2 10
Lymphatic invasion 0.21
- 1 6
+ 10 15
Venous invasion 0.65
- 15
+ 4 6
Nuclear grade 057
NGl 0 2
NG2 3 5
NG3 8 14
< 0.1

of action by A3B according to the etiology of breast cancer
among different ethnic/geographical populations (10, 11].
In our study, A3B expression in breast cancer patients with
A3B deletion was significantly lower than those with A3B
insertion, Despite the limited number of samples, A3B
expression levels correlated to the genotype and malignant
potential of the tumor in breast cancer patients (Table 1).
Our data show that A3B expression is possibly a marker of
tumor progression (lymph node metastasis, p = 0.033 and
nuclear grade, p = 0.009) (Table 1). The A3B expression
related better 1o pathological findings than A3B genotyping
(Table 2). However, this might be caused by lower patiem
numbers in the genotyping data. More patients will need to
be involved in future studies in order to fully elucidate
clinical potential of A3B genomic analysis.

@ Springer

APOBEC3 family is expressed in virally infected cells
where it plays a significant role in host defense against
virus. Therefore, it is possible that viral infection. including
HPV [15] and Epstein—Barr virus [ 16}, may play a role in
the regulation of A3B gene expression, in at Ieast some
breast cancers. In this study, the HPV16 infection rate was
not associated with the A3B expression (Table I). As for
the relation between viral infection and carcinogenesis,
there has been a long-standing debate about the contribu-
tion of tumor-inducing viruses {17, 18]. Future elucidation
of a mechanism of A3B regulation may become a lead in
prevention and/or treatment of viral associated-breast
cancers.

A3B expression levels were reported to positively
correlate with  levels of genomic uracil contents,
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Fig. 3 Survival curves of breast cancer patients according to the level
of A3B expression. Kaplan-Meier survival analysis of A3B expres-
sion for high and low groups in DFS (a) and OS (b) among ER-

frequencies of overall base substitutions, and C-to-T
transitions {4]. Since A3B can mutate to oncogenic driver
gene, deamination activity of A3B might contribute to
breast cancer carcinogenesis. TP53 and PIK3CA are the
most frequently mutated genes in breast cancers [19], and
tumors with TP53 mutations are reported to have higher
levels of ASB mRNA in TCGA and other containing
Western patients databases [4]. However, TP53 and
PIK3CA did not show any correlation between their
mutation status and A3B expression in our study. It has
been reported that 7P53 mutation rates in triple negative
breast cancer patients are higher than that in hormone
receplor-positive patients [20]. Our swdy included only
108 % (10/93) wriple negative breast cancer patients
because of selection for patients without preoperative
chemotherapies. This sample size is smaller than the one

b ER+ cases
f. NS
.
s
w
‘fg e wd
g )
S ] === A38High n=23
) — A3Blow n=54
LA z LN X
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d All cases
) NS
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positive cases (n = 77} and DFS (¢) and OS (d) among all cases of
this cohort (n = 93). Cutoff value was defined as mean of A3B
expression. NS not significant

in previous report from Western countries [3]. Therefore,
our mutation data might not accord with the previous
studies. Although pathological nuclear grade and lymph
node metastasis correlated with clinical outcomes [21].
we found no corrclation between A3B expression status
and clinical stage. breast cancer subtype, prognosis or
driver mutation status in our cohort. The limited number
and clinical follow-up of patients in this study might have
contributed to less detection power.

In conclusion. A3B expression could be a useful marker
of aggressive breast cancer. With respect to developing
new molecular cancer therapies and cancer prevention
methods based on A3B, further studies including THC,
whole genome sequencing and larger sample numbers will
be required to fully clarify the significance of A3B
expression in Japanese breast cancer patients.
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Fig. 4 TP53/PIK3CA mutation status, HPV 16 infection and A3B
expression. A3B mRNA expression level was compared between
TP53 (a) and PIK3CA (b) wild-type (WT) tumors and mutated tumor
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Abstract

Background Metastatic and  refractory gastric cancer
{GC) are associated with a poor prognosis; therefore, the
identification of prognostic factors and chemosensitivity
markers is extremely important. Protein arginine methyl-
wansferase 1 (PRMTI) may play a role in chemosensitiv-
ity/apoptosis  induction  via activation of the tumor
suppressor forkhead box O1 (FOXO1). The purpose of this
study was to clarify the expression of and relationship
between PRMTI and FOXOL1 to evaluate the applicability
of PRMTT as a prognostic marker and a therapeutic tool in
GC.

Methods  We investigated the clinical and functional
significance of PRMTI and FOXOI1 in 195 clinical GC
samples using immunohistochemistry.  We  performed
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‘Results

suppression analysis of PRMTI using small interfering
RNA to determine the biological roles of PRMTI in
chemosensitivity.

PRMTI and FOXOI in GC samples were pre-
dominantly expressed in the nucleus. Patients with lower
PRMTI1 expression (7 = 13]) had suppressed nuclear
accumulation of FOXOI, higher recurrence after adjuvant
chemotherapy. and poorer prognosis than those with higher
PRMTI expression (1 = 64). PRMT! downregulation in
GC cells by RNA interference inhibited cisplatin and 5-flu-
orouracil sensitivity. The expression of phosphorylated
FOXO1 and phosphorylated BCL-2 antagonist of cell death
was upregulated in PRMT1 small interfering RNA groups.
Conclusion  Our data suggest that the evaluation of
PRMT! expression in GC is a useful predictor of poor
prognosis and recurrence after adjuvant chemotherapy.
Morcover, these data suggest that PRMTI is a promising
therapeutic tool for overcoming refractory GC.

Keywords Protein arginine methyltransferases - Arginine
methyltransferase - Noncoding RNA - Forkhead box O1

Introduction

Gastric cancer (GC) is an important cause of cancer-related
death worldwide [ 1. 2]. Postoperative adjuvant chemotherapy
significantly improves the prognosis of GC patients in com-
parison with that of nontreated GC patients {3]. However,
patients with metastasis or refractory disease after surgery
often require intensive adjuvant chemotherapy. To provide
optimal treatment for GC, identification of predictors of poor
prognosis and chemosensitivity is extremely important.
Moreover, it is expected that such markers may also be
promising treatment targets.
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