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Abstract

Objective: We aimed to explore the prognostic value of Septin? DNA methylation in breast
cancer.

Methods: Breast cancer patients with and without recurrence or metastasis and matched non-
breast cancer patients were screened retrospectively from 2014 to 2016. Bisulfite conversion and
fluorescence quantitative methylation-specific polymerase chain reaction were used to detect the
Septin9 methylation status and distribution levels in patient breast tissues.

Results: Septin9 DNA methylation was more frequent in breast cancer tissues than in non-breast
cancer tissues, but was not significantly correlated with any relevant breast cancer patient clin-
icopathological characteristic. Septin9 methylation rates were higher in patients with recurrence
or metastasis. Septin9 methylation, tumor size, lymph node status, and progesterone receptor
(PR) expression could influence prognosis. Septin9 methylation was significantly associated with
worse disease-free survival in breast cancer patients, with receiver operating characteristic curve
analysis indicating that it had good prognostic ability, with an area under the curve (AUC) value of
0.719. The AUC values increased when Septin9 methylation was combined with tumor size,
lymph node status, and PR to predict prognosis.

Conclusions: Septin9 DNA methylation was an independent predictors of breast cancer prog-
nostic risk. This could possibly help improve comprehensive prognosis prediction methods when
combined with other risk factors.
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Introduction

Breast cancer is the most common malignan-
cy in women and poses a serious health threat
worldwide. The Global Burden of Disease
study from 2019 estimates that there were 2
million breast cancer cases from 1990 to 2017,
with an age-standardized incidence rate
(ASIR) of 459 per 100,000 and age-
standardized death rate (ASDR) of 14.1 per
100,000.! These rates both increased from the
2012 GLOBOCAN estimates (ASIR:43.1,
ASDR:12.9).> Although the breast cancer
screening processes and comprehensive treat-
ment approaches are satisfactory, approxi-
mately one-third of patients still have poor
outcomes. Tumor metastasis is the main
cause of breast cancer related-death, but the
core factors that promote the metastasis and
growth of cancer cells from primary tumors
to distant locations are still unclear.

Deaths can be prevented if breast cancer
is detected early. Only a few proteins have
been used to detect early-stage breast cancer,
including carcinoma antigen 153 (CA153),
carcinoembryonic antigen (CEA), and carci-
noma antigen 125 (CA125). However, a lack
of specificity and/or sensitivity has prevented
these markers from having significant diag-
nostic value. Therefore, there is an urgent
need to identify sensitive and specific molec-
ular biomarkers for clinical practice. In the
cancer research field, the influence of revers-
ible epigenetic modifications in tumors has
received increasing attention. DNA methyl-
ation is particularly associated with
tumorigenesis.’

Numerous studies have confirmed that
the Septin9 gene is associated with various
malignant tumors. In 2010, Septin9 was

shown to be essential for pseudopod pro-
trusion and tumor cell migration and inva-
sion.* Septin9 can serve as an oncogene or
tumor suppressor gene in a cancer type-
dependent context. Recent studies™® have
found that upregulated Septin9 il expres-
sion can accelerate breast cancer cell migra-
tion, while Septin9_i2 overexpression can
inhibit their migration. However, expres-
sion of Septin9_il alone may not be suffi-
cient for tumorigenesis. Thus far,
Septin9_v2 promoter methylation has been
identified. Septin9 DNA methylation has
been used as a new tumor biomarker for
colorectal cancer screening and diagnosis,
which also plays an important role in
prognostic recurrence monitoring.”®
Additionally, both Matsui et al.’ and
Chen et al'® have suggested that
Septin9 v2 expression in breast cancer is
also regulated by promoter methylation.
No relevant clinical research has examined
if Septin9 DNA methylation can promote
breast cancer invasion and metastasis.
Therefore, to further clarify the role of
Septin9 in breast cancer, we conducted ret-
rospective screening and follow-up group-
ing to compare patients with or without
recurrence or metastasis. We also aimed to
explore the correlations between Septin9
DNA methylation and patient clinicopath-
ological features.

Materials and methods

Study design

This study was a retrospective analysis of
data from breast cancer patients who were
treated in Guangdong Women and
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Children Hospital between 2014 and 2016.
The reporting of this study conformed to
STROBE guidelines.!" The patients were
selected based on their medical records,
pathology reports, and follow-up results.
The detailed screening flowchart is shown
in Figure 1. The relevant clinical data of
the patients are shown in Table 1. The cor-
responding tissue samples were analyzed for
Septin9 DNA methylation levels. All
patient details have been de-identified. The
study was approved by the local ethics com-
mittee (reference number: 202001177) and
all participants provided verbal informed

according to institutional guidelines, which
was documented in the specimen bank. Our
institutional review board provided an
exemption for this study because of its ret-
rospective nature. The study was conducted
in accordance with the Helsinki Declaration
of 1975 as revised in 2013.

Tissue samples

Breast cancer and non-breast cancer tissue
samples were obtained from the specimen
bank and pathology department of
Guangdong Women and Children Hospital.
Frozen tumor tissues were stored at —80°C

Restrospectively collect patients
information from the specimen bank
from 2014 to 2016({n=660)

consent  before  specimen  collection
Breast cancer patients
(n=389)
Inclusion criterion:
(1) The mass was found for the first

time and surgically removed,
pathologically diagnosed as breast
invasive ductal carcinoma(IDC);

{2) No preoperative chemotherapy or
radiotherapy;

(@ Postoperative standardized system
therapy was completed according to

pathological results;
@ Without serious cardiovascular

and cerebrovascular diseases or

other serious disease.

l l

’;nlluw-up until

LDecJ!.ZOIQ

Non-breast cancer patients
(n=271)

Inclusion criterion:

(1) The mass was found for the
first time and surgically removed
and biopsy, pathologically
diagnosed as benign lesion;

(2 No history of breast cancer in
the past and within two years of
follow-up.

37 cases that met the inclusion
criteria were randomly selected:
Breast fibroadenoma (n=18),
Granulomatous mastitis (n=10),
Normal breast tissue (n=9).

38 cases with
recurrence or
metastasis were
screened out.

44 cases of no recurrence and metastasis
were paired according to inclusion criteria
and age, as well as time period randomly.

|

|

Collect tissue samples(frozen tumor tissues
or FFPE tumor tissues) from the above-
mentioned screening patients

Figure |. Flowchart of the specific study population.
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Table I. Correlations of Septin9 DNA methylation with clinicopathological features of breast cancer

patients.
Septin9
Cases with negative Cases with positive
Characteristics Cases (%) methylation methylation (%) P-value
All cases 82 (100) 39 43 (52.4) -
Age, years
<47 38 (46.3) 20 18 (47.4) 0.393
>47 44 (53.7) 19 25 (56.9)
Menopausal status
Premenopause 51 (62.2) 26 25 (49.0) 0.426
Postmenopause 31 (37.8) 13 18 (58.1)
Tumor size (cm)
<2 31 (37.8) 16 I5 (48.4) 0.759
>2 and <5 43 (52.4) 20 23 (53.5)
>5 9 (9.8) 3 5 (55.6)
Lymph node metastasis
Negative 36 (43.9) 20 16 (44.4) 0.437
1-3 Positive 19 (23.2) 8 Il (57.9)
>4 Positive 27 (32.9) I 16 (59.3)
ER?
Negative 37 (45.1) 20 17 (45.9) 0.286
Positive 45 (54.9) 19 26 (57.8)
PR®
Negative or low 53 (64.6) 27 26 (49.1) 0.407
High 29 (35.4) 12 17 (58.6)
HER2¢
Negative 42 (51.2) 22 20 (47.6) 0.370
Positive 40 (48.8) 17 23 (57.5)
Ki-67¢
Low 16 (19.5) 8 8 (50.0) 0.828
High 66 (80.5) 31 35 (53.0)
Subtype (IHC)®
Luminal A 10 (12.2) 5 5 (50.0) 0.148
Luminal B 35 (42.7) 14 21 (60.0)
ERBB2+ 22 (26.8) 9 13 (59.1)
Basal-like 15 (18.3) I 4 (26.7)
Histological grade
| 9 (11.0) 3 6 (66.7) 0.085
Il 56 (68.3) 24 32 (57.1)
1] 17 (20.7) 12 5(294)
Lympho-vascular invasion
No 61 (74.4) 29 32 (52.5) 0.995
Yes 21 (25.6) 10 Il (52.4)

ER, estrogen receptor; PR, progesterone receptor; IHC, immunohistochemistry.

*The positive threshold of the ER IHC test was set as >1%.
®The positive threshold of the PR IHC test was set as > 1%, with 20% as the threshold for high and low expression and the
cut-off value of Luminal A and Luminal B.

°A HER2 IHC score of 3+ was defined as positive.

9The Ki-67 threshold was 30% for high and low expression.
Subtype (IHC) — from Guidelines and Norms for Diagnosis and Treatment of Breast Cancer by Chinese Anti-Cancer

Association(CACA):

Luminal A: ER/PR-positive, PR-high, HER2-negative, Ki-67-low; Luminal B: b1, HER2-negative, ER/PR-positive, and PR-low
or Ki-67-high; b2, HER2-positive, ER/PR-positive, any state of Ki-67; ERBB2+: ER and PR-negative and HER2-positive;
Basal-like: ER, PR, and HER2-negative.
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until use. Formalin-fixed paraffin-embedded
(FFPE) tumor tissues were used in cases that
lacked individual frozen tumor tissues. FFPE
tumor tissues were sectioned by an experi-
enced pathologist to ensure enough of the
tumor component was included.

DNA extraction and bisulfite conversion

Genomic DNA was extracted from frozen
tumor tissues using a centrifugal adsorption
column and a unique buffer system in the
TIANamp Genomic DNA Kit (Tiangen,
Beijing, China) according to the manufac-
turer’s instructions. In addition, 10 to 15
sections were cut from each FFPE tumor
tissue. The TIANamp FFPE DNA Kit
(Tiangen) was used to extract DNA from
FFPE tumor tissues. Briefly, xylene was
used to dewax and remove the paraffin,
then special lysis conditions were applied
to release DNA from the tissue sections.
The DNA concentrations were measured
using a Quawell Q5000 UV spectrophotom-
eter (Quawell Technology, San Jose, CA,
USA). Then, 500 ng of the extracted DNA
was bisulfite-converted using a GS DNA
Methylation Kit (GeneShine Biotechnology,
Shanghai, China) according to the manufac-
turer’s recommendations. The bisulfite-
modified DNA was stored at 2°C to 8°C
for up to 24 hours or immediately used for
gPCR analysis.

Fluorescence quantitative
methylation-specific polymerase
chain reaction (qMS-PCR)

Quantitative PCR was performed for
Septin9 methylation in the tissue samples
on the ABI 7500 Real Time Fluorescence
Quantitative PCR System (Thermo Fisher
Scientific, Waltham, MA, USA). The reac-
tions were 20 uL in volume and contained
11.5uL PCR mix, 0.5uL polymerase, and
8 uL Dbisulfite-converted template DNA.
The methylation site investigated here

maps upstream to 225 to 305 bp of exon 1
of the Septin9 transcript isoform v2
(GenBank  accession No. NM_0011
13493.1)."% The housekeeping gene p-actin
(ACTB) was used as an internal reference
gene. Septin9 DNA primer sequences:
Forward: 5-TTTAGTTAGCGCGTAGG
GTTC-3'; Reverse: - AACTAATAAACA
ACGAATCGCG-3'. ACTB primer sequen-
ces: Forward: 5-ATAATAAAAAGGAG
GTTGGAT-3; Reverse; 5-CTCCCRCA
AAACAACCAC-3'. The probe sequences
of Septin9 and ACTB were as follows:
FAM-ACGCCCCCGACGAAACC-BHQI1
and VIC-CCACCTTACCCTAAACACTA
CAAC-BHQI. The thermal cycling condi-
tions were: 1 cycle at 94°C for 20 minutes,
followed by 50 cycles of 62°C for 30s,
55.5°C for 35s, and 93°C for 30s. The
amplification results were determined by
determining the cycle threshold (CT) value
and ACTB and Septin9 amplification curves.
DNA from breast cancer tissue was the pos-
itive control, DNA from non-breast cancer
tissue was the negative control, and double
distilled water (ddH20) was the blank
control. A schematic diagram of the CT
values and amplification curve is shown in
Figure 2. PCR amplification reactions were
performed in triplicate for each sample and
the 1/3 algorithm was used to assess the
effectiveness.'” Samples with the delta CT
(Septin9—ACTB)<14 were judged as a

P<0.0001
@ 100+ ! . L
S 804 .
c 60 N
% 40- .
> 204 1
£ 1 s .
2 107 .
2 0.5 \ .
B oo i F—
g 00 bt .. Rt

Breast cancer Non-breast cancer
Figure 2. Scatter plot distribution of Septin9
methylation scores in breast cancer and non-breast
cancer tissues. P < 0.0001.
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positive result. Receiver operating character-
istic (ROC) curve analysis was performed on
the Septin9 methylation amplification
results. Septin9 methylation scores were

calculated using the following formula:
SICTACTB)~CT(Septin)] o, 1()0). 14

Follow-up and disease-free survival (DFS)

All patients abided by the follow-up princi-
ple from the Guidelines and Norms for
Diagnosis and Treatment of Breast Cancer by
Chinese Anti-Cancer Association (CACA).
The cut-off date was 31 December 2019, ensur-
ing that the follow-up time of each patient
was >36 months. Breast ultrasound, mam-
mography, and CT results were used to
determine if local recurrence or metastasis
occurred postoperatively. In this study, the
patients with recurrence or metastasis
included the following conditions: (1)
simple recurrence (local recurrence or
regional recurrence); (2) distant metastasis
(single organ), mainly manifesting as liver,
lung, bone, or brain metastasis; (3) distant
metastasis (multiple organs), involving two
or more organs simultaneously; and (4)
both recurrence and metastasis together.
DFS was defined as the time (months)
from surgery to the appearance of recur-
rence or metastasis.

Statistical analysis

SPSS 16.0 (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism 5.0 (GraphPad
Software, San Diego, CA, USA) software
were used to conduct statistical analyses
and draw graphics. Non-normally distribut-
ed variables are represented as the median
(interquartile range). The Mann—Whitney
test was used as the non-parametric test.
The chi-square test was used for statistical
analysis of categorical variables. The Cox
proportional hazards model was used to
analyze the regression relationships
between breast cancer prognosis and

multiple risk factors, with the recurrence
or metastasis status and DFS used as
dependent variables. The statistically signif-
icant risk factors were screened out by the
Forward LR method. The Kaplan—Meier
(KM) method and log-rank tests were
used to compare the DFS of breast cancer
patients in different subgroups. ROC curve
analysis was used and the area under the
curve (AUC) value was calculated to eval-
uate the efficacy of different prognostic risk
factors. P-values <0.05 were considered
statistically significant.

Results

Septin9 DNA methylation comparison
in breast cancer and non-breast
cancer tissues

This study included 82 breast cancer
patients, of which 38 patients had recur-
rence or metastasis and 44 patients did
not have non-recurrence or metastasis. We
also selected 37 patients with benign breast
disease as a control group.

In the 37 non-breast cancer tissues, we
found Septin9 methylation rates of 12.5%
(2/16) in FFPE samples and 19.0% (4/21) in
frozen samples. These were not statistically
significantly different, suggesting that the
FFPE tissue preparation did not affect
methylation detection. Moreover, there
was also no significant difference in
Septin9 DNA methylation among breast
fibroadenoma, granulomatous mastitis,
and normal breast tissues (data not shown).

Of the 82 breast cancer tissues, 43
(52.4%) were methylated, while only
16.2% (6/37) of the non-breast cancer tis-
sues were found to be methylated. Septin9
methylation was significantly more frequent
in breast cancer tissues compared with non-
breast  cancer tissues  (y>=13.811,
P=0.000). Similarly, the median Septin9
methylation score of the 82 breast cancer
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samples was 0.03633 (0.0006225-4.202),
which was significantly higher than
0.00023 (0.00010-0.02232) of the 37 non-
breast cancer samples (Mann—Whitney
test: P <0.0001) (Figure 2).

Correlations between Septin9 DNA
methylation in breast cancer tissues and
patient clinicopathological features

The clinicopathological characteristics of
the 82 breast cancer patients were collected
and are summarized in Table 1. The mean
age at diagnosis was 47.5 years (range, 21 to
70 years). However, the chi-square test
showed that there was no significant corre-
lation between Septin9 DNA methylation
and any of the examined clinicopathologi-
cal factors, including age, menopausal
status, tumor size, lymph node metastasis,
estrogen receptor (ER), progesterone recep-
tor (PR), HER2, Ki-67, subtype, histologi-
cal grade, or lympho-vascular invasion.

Comparison of Septin9 DNA methylation
in breast cancer patients with or without
recurrence/metastasis

Among the 82 breast cancer cases,

38 patients (46.3%) had local recurrence
or distant metastasis. Of these, 27 (71.1%)

P=0.0001

-
(=3
=

]

Septin9 Methylation score
o
<
1

. - .
T
no R&M R

=

Figure 3. Scatter plot distribution of Septin9
methylation scores in breast cancer tissues
between the patients without and with recurrence
or metastasis. No R&M, non-recurrence and
metastasis patients; R or M, patients with recur-
rence or metastasis. P=0.0001.

had Septin9 methylation. On the contrary,
only 16 cases of 44 patients without recur-
rence and metastasis (36.4%) showed
Septin9 methylation (x> =9.838,
P=0.002). The mean DFS time of the 38
patients with recurrence or metastasis was
20.2 months, while the mean DFS time of
the 44 non-recurrence/metastasis patients
was 53.5 months. The patients with recur-
rence or metastasis had a significantly
higher distribution of Septin9 methylation
scores compared with the non-recurrence/
metastasis group, with median values of
1.244  (0.008570-19.16) and  0.0055
(0.00000-1.431), respectively (Mann—
Whitney test: P=0.0001) (Figure 3).
Moreover, among the 38 patients with recur-
rence or metastasis, there was no significant
difference in Septin9 methylation by status
(simple recurrence, distant metastasis, or
recurrence combined with metastasis; data
not shown).

Correlations between Septin9 DNA
methylation in breast cancer tissues
and patient prognosis

Univariate and multivariate Cox regression
analysis of relevant clinicopathological fea-
tures and Septin9 methylation status
showed that Septin9 methylation, tumor
size, lymph node status, and PR expression
in breast cancer tissues could serve as inde-
pendent prognostic predictors for breast
cancer (P <0.0001, Table 2). KM analysis
also suggested that Septin9 DNA methyla-
tion was significantly associated with worse
DFS in breast cancer patients (log-rank
P=0.0044. The 3-year cumulative survival
probability of DFS in the Septin9
methylation-negative group was 71.8%,
which was clearly higher than that of the
Septin9 methylation-positive group by
48.8% (Figure 4).
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Table 2. Cox regression analysis of prognosis-related risk factors in 82 breast cancer patients.

Univariate analysis

Multivariate analysis

Hazard Hazard

Characteristics™ ratio  95% ClI P-value ratio  95% ClI P-value
Age, years (>35 vs. <35) 1.626 0.576-4.591 0.358

Tumor size (<2cm vs. >2cm) 3.161 1.446-6912 0.004 2316 1.037-5.169 0.040
Lymph node status (negative vs. positive) 4.457  2.034-9.763 0.000 3.359  1.495-7.550 0.003
ER? (negative vs. positive) 1.974  1.040-3.746 0.037

PR® (negative or low vs. high) 3232 1.422-7.348 0.005 3464 1.515-7.922 0.003
HER2C (negative vs. positive) 2399  1.239-4.644 0.009

Ki-67¢ (low vs. high) 3.707  1.139-12.063 0.030

Histological grade (I vs. 1I-1l) 1.133  0.402-3.196 0813

Lympho-vascular invasion (no vs. yes) 2,651  1.381-5.089 0.003

Septin9 methylation (negative vs. positive) 2.671  1.319-5.406 0.006 2563 1.252-5.248 0.010

ER, estrogen receptor; PR, progesterone receptor; Cl, confidence interval.
“The clinicopathological parameters associated with prognosis are derived from Guidelines and Norms for Diagnosis and
Treatment of Breast Cancer by Chinese Anti-Cancer Association (CACA).

*The positive threshold of the ER IHC test was set as >1%.

®The positive threshold of the PR IHC test was set as > 1%, with 20% as the threshold for high and low expression.

°A HER2 IHC score of 34 was defined as positive.

9The Ki-67 threshold was 30% for high and low expression.

Prognostic predictive efficacy of the
Septin9 methylation test and its combined
risk factors

The sensitivity, specificity, positive predic-
tive value, and negative predictive value of
prognostic  Septin9 DNA methylation
detection in breast cancer tissues were
71.1%, 72.7%, 69.2%, and 74.4%, respec-
tively. Its sensitivity value was lower than
those of tumor size, lymph node status, and
PR expression, which were 78.9%, 78.9%,
and 81.6%, respectively. However, the sen-
sitivity values when Septin9 DNA methyla-
tion was combined with tumor size, lymph
node status, or PR expression were 94.7%,
94.7%, and 97.4%, respectively. Among the
prognostic risk factors analyzed in the ROC
curve comparison, Septin9 methylation in
breast cancer tissues had an AUC value of
0.719 (95% confidence interval (CI)=
0.606-0.832, P=0.0007). The AUC values
of Septin9 methylation combined with
tumor size, lymph node status, or PR

expression for predicting prognosis were
0.783, 0.802, and 0.808, respectively (all
P <0.0001). Combining the four risk fac-
tors could bring the AUC value as high as
0.883 (95% CI=0.848-0.958, P<0.0001)
(Figure 5).

Discussion

Breast cancer is a serious health threat
worldwide, with the main associated cause
of death being tumor recurrence and metas-
tasis. Therefore, identifying additional
molecular biological factors that affect
breast cancer recurrence and metastasis is
of great significance. In recent years,
Septin9 has been described as a potential
biomarker for early screening, diagnosis,
and prognosis of some malignant tumors,
including breast cancer.'® The Septin-9 pro-
tein belongs to a class of GTPases involved
in many cellular processes. Human Septin9
is located on chromosome 17q25.3 and con-
tains 17 exons. The gene encodes 18 unique
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Figure 4. Kaplan—Meier survival curves (disease-free survival) were plotted according to the four groups of
prognostic independent risk factors: (a) tumor size (T), (b) lymph node metastasis (LN), (c) progesterone
receptor expression (PR), and (d) Septin9 methylation.

transcripts through alternative splicing that
code for 15 polypeptides, of which
Septin9_vl, v2, v3, v4, v4* and vS5 are the
most common.'® Different tissues and
organs can have varying expression pat-
terns of these transcripts. Septin9_v2 pro-
moter methylation was first shown in
colorectal cancer and has been used as a
clinical tumor biomarker.!” Subsequently,
two studies reported that Septin9 v2
expression was also epigenetically regulated
in breast cancer by promoter methyla-
tion.”'® However, these studies did not
examine recurrence and metastasis of the
disease and lacked further clinical investiga-
tion. Therefore, this was a key point of our
research.

Matsui et al.® first reported Septin9 v2
promoter methylation in 53% (10/19) of
the primary breast cancer tissues examined,
but did not observe this in any normal
breast tissue (0/19). Additionally, the results
of Chen et al.'® showed that 83.1% (49/59)
of breast cancer tissues had Septin9 DNA
methylation. In our study, Septin9 DNA
methylation distribution was significantly
different between the breast cancer and
non-breast cancer groups. The overall pos-
itive rate of Septin9 DNA methylation in
breast cancer tissues was 52.4% (43/82),
which was similar to the findings of
Matsui et al. Although its sensitivity value
was not high, its specificity and positive
predictive values were 83.8% and 87.8%,
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Figure 5. The receiver operating characteristic (ROC) curves plotted according to the four groups of
prognostic independent risk factors. (a) The area under the ROC curve (AUC) values for tumor size (T),
progesterone receptor expression (PR), lymph node metastasis (LN), and Septin9 methylation (S9) and
(b) The AUC values for S9 with T, S9 with PR, S9 with LN, and all four together.

respectively. These results potentially reflect
the effect of Septin9 DNA methylation on
breast cancer progression. In addition,
although Septin9 DNA methylation was
observed in only 16.2% of non-breast
cancer tissues and no significant difference
was found between the non-breast cancer
tissue sample types, its methylation did
not exclude the long-term risk of breast
cancer. Thus, Septin9 DNA methylation
might have significance in early screening,
which needs further exploration. Here, we
also analyzed the relationships between
Septin9 DNA methylation in breast cancer
tissues and patient clinicopathological char-
acteristics. However, Septin9 methylation

had no significant correlation with any of
the features examined.

Alternative splicing leads to numerous
Septin9 mRNA transcripts that show
varied expression patterns in different tis-
sues. Septin9 vl and Septin9 v2 are the
most researched transcripts and closely
related to breast cancer.'®?° Additionally,
promoter methylation has only been vali-
dated for Septin9_v2 among the Septin9
family. Septin9 has been shown to be a
tumor suppressor gene, with abnormal
methylation patterns inhibiting its normal
expression levels and causing it lose this
function and ultimately promote cancer
development.?! Although not explored in
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our study, abnormal methylation of Septin9
DNA that can inhibit its normal expression
pattern was verified by Matsui et al.” and
Chen et al.'” Matsui et al. also showed that
there was a significant difference between
the Septin9 v2 mRNA expression levels
and methylation index. Septin9 v2 mRNA
expression could be reactivated by demeth-
ylation treatment.” The results of the latter
methylation study indicated Septin9 DNA
methylation in 83.1% of the breast cancer
tissues analyzed, with most of the corre-
sponding low Septin9 expression observed
in breast cancer tissues.'’

In clinical application, Septin9 DNA
methylation detection could assist during
colonoscopy-based diagnosis of colorectal
cancer and thereby increase the positive
diagnosis rate. Similarly, Lian et al.?>
reported that a nomogram based on mam-
mary ductoscopic indicators combined with
breast duct lavage fluid RASSFIA methyl-
ation could improve the diagnostic sensitiv-
ity of nipple discharge, with a value of
88.5% (23/26). The significant difference
of Septin9 DNA methylation levels in
benign and malignant tumors in our study
provided a theoretical basis for identifying
new biomarkers. In future research, we will
investigate if it can assist with breast ducto-
scopy and improve malignant breast tumor
detection.

To explore if Septin9 DNA affects breast
cancer patient prognosis, we examined the
results of previous studies. Yeh et al.**
demonstrated that inhibition of Septin9
expression in cancer cells can induce the
epithelial-mesenchymal transition, which
plays an important role in cancer metasta-
sis. Conversely, another study® revealed
that overexpression of Septin9 could lead
to enhanced hypoxia inducible factor-1
(HIF-1) transcription, thereby increasing
vascular endothelial growth factor (VEGF)
expression levels and promoting angiogene-
sis. This can support tumor invasion and
metastasis. Additionally, upregulation of

Septin9 vl could not only prevent the deg-
radation of Jun N-terminal kinase (JNK) to
inhibit cell apoptosis and promote cell pro-
liferation, but could also promote the trans-
formation of breast epithelial cells to breast
stromal cells and thus support cancer devel-
opment.”*?” Recently, extensive work by
Verdier-Pinard et al.® indicated that upregu-
lation of Septin9 il expression accelerated
breast cancer cell migration rates, while
overexpressing Septin9_i2 had the opposite
effects. Increased cell migration can promote
cancer invasion and metastasis.”® These pre-
vious results suggest that both Septin9 vl
and Septin9 v2 are related to breast cancer
recurrence and metastasis and are in a bal-
ance with each other. Methylation of the
Septin9 v2 gene could break this balance
and increase the metastatic potential of
breast cancer.

According to the follow-up results, we
divided 82 breast cancer patients into two
groups: no R&M (non-recurrence and
metastasis patients) and R or M (recurrence
or metastasis patients). There were signifi-
cant differences in Septin9 DNA methyla-
tion between the two groups. Intriguingly,
Septin9 DNA methylation in breast cancer
tissues was associated with recurrence or
metastasis in patients according to survival
analysis. The 3-year cumulative survival
probability of DFS in the Septin9 DNA
methylation-negative group was 71.8%,
which was clearly higher than that of the
Septin9 DNA methylation-positive group
by 48.8%. This suggests that Septin9
DNA methylation-positive breast cancer
was more aggressive. The hazard of recur-
rence or metastasis in Septin9 methylation-
positive patients was 2.563 times that of
Septin9 methylation-negative patients.

Historically, patient age, tumor size,
lymph node status, hormone receptor
status, HER2 status, Ki-67 expression
status, histological grade, and lympho-
vascular invasion have been used to assess
breast cancer patient prognosis.”’ Most of
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these prognostic factors were statistically
significant in our univariate Cox propor-
tional hazard model. After considering
Septin9 DNA methylation, both the univar-
iate and multivariate Cox regression analy-
ses suggested that it could be used as an
independent prognostic indicator.
Moreover, the sensitivity and specificity
values of Septin9 methylation detection
were 71.1% and 72.7%, respectively, pro-
viding the best overall performance for pre-
dicting prognosis. ROC curve analysis then
indicated that the prediction accuracy of
Septin9 methylation in breast cancer tissues
was effective in the single index, which was
improved by combining other prognostic
risk factors. Collectively, our results suggest
that the methylation of Septin9 DNA in
breast cancer was significantly associated
with postoperative disease recurrence or
metastasis.

Overall, the biggest advantages of this
study were the follow-up collection of prog-
nostic information and clinical studies on
the prognosis of breast cancer patients
with long-term recurrence and metastasis.
However, there were some limitations to
our study. First, we only examined the indi-
rect effect of Septin9 DNA methylation on
breast cancer prognosis, while ignoring the
direct effect of the Septin9 vl and
Septin9_v2 expression balance. Although
it was clear that Septin9 methylation results
in downregulated Septin9 v2 expression
and loss of its anti-cancer effect,’® it could
not be excluded that single overexpression
of Septin9_v1 also impacted prognosis.®'
Future work should focus on the patients
with recurrence or metastasis who did not
have Septin9 DNA methylation to examine
the different roles of Septin9 transcript var-
iants. Second, this study lacks details
regarding quality control, replicates, and
the accuracy of the conducted analyses in
the experimental methods for the methyla-
tion detection. Because there were very few
studies on Septin9 methylation in breast

cancer, we could only refer to other similar
studies. Third, we did not provide experi-
mental evidence for a relevant mechanism
of action in this study. Lastly, although we
used software to calculate an appropriate
patient sample size, a larger sample size is
still needed for validation and further
research. The overall role of Septin9 DNA
methylation in breast cancer patients with
recurrence or metastasis still requires fur-
ther exploration.

Conclusions

Our study provides new evidence that
Septin9 DNA methylation is involved in
breast cancer development and is associated
with disease recurrence or metastasis. We
found this methylation to be an indepen-
dent predictive indicators for assessing
prognostic risk, which can be combined
with other prognostic risk factors to
improve the comprehensive prognostic abil-
ity. This is therefore a potential new auxil-
iary predictor of poor prognosis in breast
cancer patients. However, further large-
scale studies and longer follow-up periods
are still needed to verify the clinical signif-
icance of Septin9 methylation.
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