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Abstract

Objective: Sex-determining region Y-box 30 (SOX30) suppresses progression of sev-
eral cancers, whereas its role in breast cancer is unclear. Therefore, we aimed to de-
termine the correlation of SOX30 with tumor characteristics and prognosis in breast
cancer patients.

Methods: The tumor samples of 510 breast cancer patients who underwent resec-
tion were obtained, and SOX30 expression was analyzed by immunohistochemistry.
Clinical characteristics, disease-free survival (DFS), and overall survival (OS) of breast
cancer patients were recorded.

Results: There were 368 breast cancer patients in SOX30 low-expression group and
142 in SOX30 high-expression group. SOX30 was negatively correlated with tumor
size (P = .010), tumor (T) stage (P < .001), node (N) stage (P = .001), and tumor, node,
metastasis (TNM) stage (P < .001) in breast cancer patients. For prognosis, patients
in SOX30 high-expression group had prolonged DFS (P = .011) and OS (P = .002);
moreover, increased SOX30 grade (assessed by semi-quantitative scoring method
assessment) was correlated with better DFS (P = .015) and OS (P = .014). Univariate
Cox's regression analysis disclosed that SOX30 high expression was correlated with
enhanced DFS (P = .012, hazard ratio (HR) = 0.582) and OS (P = .002, HR = 0.389);
however, multivariate Cox's regression analysis revealed that SOX30 could not inde-
pendently predict DFS (P = .224, HR = 0.766) or OS (P = .087, HR = 0.582) in breast
cancer patients, indicating it might interact with other independent predictive fac-
tors (such as pathological differentiation, T stage, and N stage) to influence DFS and
OS in breast cancer patients.

Conclusion: Sex-determining region Y-box 30 is a potential prognostic biomarker in

breast cancer, which might contribute to the better outcome of breast cancer patients.
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1 | INTRODUCTION

Breast cancer is the most frequent cancer that occurred in women
worldwide, and there are about 1.7 million people diagnosed with breast
cancer every year.> Meanwhile, it ranks as the first in causing cancer
death in women, leading to approximately 0.5 million deaths annually,
which accounts for 15% of all cancer deaths.>* Although the diagnostic
technology and management successfully lead to a decrease in the mor-
tality of breast cancer, the prognosis of breast cancer patients is far from
satisfactory.”® Therefore, it is vital to search for potential biomarkers to
predict and thus improve the prognosis of breast cancer patients.
Sex-determining region Y-box 30 (SOX30), one of the members
of the SOX protein family, is a transcription factor that suppresses
tumors.” It is reported that SOX30 induces apoptosis and inhibits
proliferation, migration, and invasion in several cancer cells (such
as lung adenocarcinoma cells and hepatocellular carcinoma cells)
by regulating several pathways such as p53 and Wnt/ﬁ—catenin.8'9
Moreover, several clinical researches reveal that SOX30 is correlated
with less advanced tumor characteristics in bladder cancer, lung ad-
enocarcinoma, and ovarian cancer, for example.l%*? Meanwhile,
previous studies disclose that SOX30 displays potential as a prog-
nosis biomarker in lung cancer and bladder cancer 10.13. however, its
significance in patients with breast cancer remains unclear. Based
on the data mentioned above, we hypothesized that SOX30 might
also predict the prognosis of breast cancer patients to some extent.
In this study, we determined SOX30 expression in tumor tissues
from 510 breast cancer patients by immunohistochemistry (IHC),
aiming to assess the correlation of SOX30 with tumor properties and

prognosis in breast cancer patients.

2 | MATERIALS AND METHODS
2.1 | Patients

A total of 510 breast cancer patients who underwent resection from
January 2014 to December 2017 in our hospital were enrolled in
this retrospective study. The patients were eligible if they met the
following criteria: (a) newly diagnosed as primary breast cancer by
pathology; (b) received resection; (c) 18 <age<80 years old; (d) tumor
tissues resected from surgery were well preserved and available for
immunohistochemistry (IHC) assay; (e) tumor features before opera-
tion and follow-up data were complete; (f) without distant metas-
tases; and (g) not complicated with other malignancies. In addition,
pregnant or lactating women were excluded from this study. This
study was approved by the Ethics Committee of our hospital, and all

patients or their guardians provided the written informed consent.

2.2 | Dataand sample collection

Age and tumor features before operation (such as estrogen receptor

(ER) status, progesterone receptor (PR) status, human epithelial growth

factor receptor-2 (HER-2) status, pathological differentiation, tumor
size, T stage, N stage, and TNM stage) were collected from medical
records. Tumor tissue specimens were formalin-fixed and paraffin-em-
bedded, which were obtained from the Pathology Department in our
hospital. Meanwhile, the breast tissues of 40 patients who received

detection for precancerous lesions were collected.

2.3 | SOX30 measurement

The level of SOX30 in tumor tissue specimens was measured by IHC.
In briefly, the tumor tissue specimens were cut into 4-pm sections, and
then, the tissue sections were deparaffinized with xylene and rehy-
drated using graded ethanol. After antigen retrieval using microwave
heating, the peroxidase activity of tissue sections was blocked by in-
cubating with 0.3% H,0, for 15 minutes. To prevent nonspecific bind-
ing, 10% normal goat serum (Sigma-Aldrich) was added to the tissue
sections, and then, the tissue sections were incubated at room tem-
perature for 2 hours. Subsequently, the tissue sections were incubated
with the rabbit anti-SOX30 polyclonal antibody (1:50, Thermo, USA)
overnight at 4°C The next day, after three rinses in PBS, the tissue
sections were incubated in a horseradish peroxidase-conjugated goat
anti-rabbit IgG (H + L) secondary antibody for 1 hour at room temper-
ature (1:2000, Thermo). Finally, the tissue sections were stained and
counterstained using diaminobenzidine (DAB) (Dako) and hematoxylin
(Sigma-Aldrich), respectively; then, the tissue sections were sealed by
neutral resin (Sango Biotech). The staining results were observed on a
Nikon ECLIPSE E200 microscope (Nikon Instruments).

2.4 | Assessment of SOX30 expression

A semi-quantitative scoring method was used to assess the expres-
sion of SOX30 in tumor tissue specimens as previously described.'*
The staining intensity was classified as follows: O (no staining); 1
(weak staining); 2 (moderate staining); and 3 (strong staining). And
the proportion of positive tumor cells was scored as follows: O (no
positive tumor cells); 1 (proportion of positive tumor cells <25%);
2 (proportion of positive tumor cells: 25%-50%); 3 (proportion of
positive tumor cells: 51%-75%); and 4 (proportion of positive tumor
cells >75%). The total score of IHC was calculated by multiplying the
staining intensity score and the proportion of positive tumor cells
score. All patients were divided into SOX30 low-expression group
(total IHC score <3) and SOX30 high-expression group (total IHC
score >3). The SOX30 high-expression group was further classified
as SOX30 high+ (total IHC score 4-6), SOX30 high++ (total IHC score
7-9), and SOX30 high+++ (total IHC score 10-12).1

2.5 | Treatment and follow-up

Based on the clinical status, all patients received appropriated neo-

adjuvant therapy or systemic adjuvant treatment according to the
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guideline of breast cancer® (for the patients received neoadjuvant
therapy, their tumor features were recorded before operation after
neoadjuvant therapy). Survival data were obtained from follow-up
records, and the last follow-up date was June 30, 2019. The median
follow-up duration was 38.0 months, and the minimum-to-maximum
follow-up duration was ranging from 2.0 to 60.0 months. The dis-
ease-free survival (DFS) was calculated from the date of resection to
the date of relapse or death, and overall survival (OS) was calculated
from the date of resection to the date of death.

2.6 | Cell culture

Human breast cancer cell lines including T47D, MDAMB231, MCF?7,
MDAMB453, BT474, and MDAMB468 were purchased from American
Type Culture Collection (ATCC), and human normal breast cell line
MCF-10F was also purchased from ATCC. The T47D and BT474 cells
were cultured in RPMI-1640 medium (Gibco), and MDAMB231, MCF7,
MDAMB453, MDAMBA468, and MCF-10F cells were culturedin DMEM
medium (Gibco). All cells were maintained in the 95% air and 5% carbon
dioxide (COZ). After culture, the relative expressions of SOX30 in these
cells were determined by reverse transcription-quantitative polymer-
ase chain reaction (RT-gPCR) with MCF-10F cells severed as control,
which was performed according to a previous study.16

2.7 | Statistical analysis

Statistical analysis was performed using SPSS 22.0 software (IBM), and
figure was plotted with the use of GraphPad Prism 7.00 (GraphPad
Software). Data were presented as mean + standard deviation and
count (percentage). Comparison of clinical characteristics between
SOX30 high- and low-expression groups was determined by chi-
square test or Wilcoxon rank-sum test. Multiple comparisons between
cell lines were determined by Dunnett's test. DFS and OS were de-
scribed by Kaplan-Meier curves, and the differences of DFS or OS be-
tween SOX30 high- and low-expression groups or among SOX30 high/
SOX30 high+/SOX30 high++/SOX30 high+++/SOX30 low groups
were determined by log-rank test. Factors predicting DFS or OS were
analyzed by univariate and multivariate Cox's proportional hazard re-

gression models. P value <.05 was considered significant.

3 | RESULTS
3.1 | Clinical characteristics

The mean age of breast cancer patients was 55.7 + 12.9 years, and
there were 184 (36.1%) patients under 50 years and 326 (63.9%) pa-
tients equal or above 50 years. The mean tumor size of breast can-
cer patients was 3.1 £ 1.9 cm, and there were 248 (48.6%) patients
with tumor size smaller than 3 cm and 262 (51.4%) patients with

tumor size larger than 3 cm. There were 116 (22.8%) patients with

TABLE 1 Clinical characteristics of breast cancer patients

Items Total patients (N = 510)
Age (y), mean £ SD 55.7+129
<50, No. (%) 184 (36.1)
250y, No. (%) 326 (63.9)
ER positive, No. (%) 300 (58.8)
PR positive, No. (%) 263 (51.6)
HER-2 positive, No. (%) 169 (33.1)
Pathological differentiation, No. (%)
Well 116 (22.8)
Moderate 352 (69.0)
Poor 42 (8.2)
Tumor size (cm), mean = SD 31+19
<3 cm, No. (%) 248 (48.6)
>3 cm, No. (%) 262 (51.4)
T stage, No. (%)
T1 189 (37.1)
T2 267 (52.3)
T3 54 (10.6)
N stage, No. (%)
NO 264 (51.8)
N1 144 (28.2)
N2 89 (17.5)
N3 13(2.5)
TNM stage, No. (%)
| 93(18.2)
Il 294 (57.7)
1 123 (24.1)

Abbreviations: ER, estrogen receptor; HER-2, human epithelial growth
factor receptor-2; PR, progesterone receptor; SD, standard deviation.

well pathological differentiation, 352 (69.0%) patients with moder-
ate pathological differentiation, and 42 (8.2%) patients with poor
pathological differentiation. For TNM stage, there were 93 (18.2%)
patients with stage |, 294 (57.7%) patients with stage Il, and 123
(24.1%) patients with stage Ill. Other detailed clinical characteristics
were listed in Table 1.

3.2 | SOX30 expression

The IHC assay and the subsequent semi-quantitative scoring method
assessment showed that there were 368 (72.2%) patients in SOX30
low-expression group and 142 (27.8%) patients in SOX30 high-ex-
pression group. Moreover, further classification displayed that there
were 83 (16.3%) patients in SOX30 high + group, 35 (6.9%) patients
in SOX30 high++ group and 24 (4.7%) patients in SOX30 high+++
group (Figure 1).

Additionally, SOX30 expression in non-cancerous tissues and

breast cancer cell lines was investigated. For SOX30 expression in
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SOX30 low expression (n=368)

SOX30 high expression (n=142)

R
SOX30 low, IHC score 0-3
(n=368)

SOX30 high+, IHC
(n=83)

FIGURE 1
IHC, immunohistochemistry

non-cancerous tissues, data showed that there were 9 (22.5%) in the
SOX30 low-expression group and 31 (77.5%) in the SOX30 high-expres-
sion group (including 10 (25.0%) in SOX30 high + group, 11 (27.5%) in
SOX30 high++ group, and 10 (25.0%) in SOX30 high+++ group) (Figure
S1). For SOX30 expression in breast cancer cell lines, SOX30 expression
was decreased in breast cancer cell lines T47D, MDAMB231, MCF7,
MDAMBA453, TB474, and MDAMB468 compared to human normal
breast cell line MCF-10F (all P < .001) (Figure S2). These data implied

that SOX30 might be an anti-oncogene in breast cancer.

3.3 | Correlation of SOX30 with clinical
characteristics

SOX30 was negatively correlated with tumor size (P = .010), T stage
(P <.001), N stage (P = .001), and TNM stage (P < .001), whereas no
correlation was observed in SOX30 with age (P = .384), ER status
(P =.759), PR status (P = .964), HER-2 status (P = .204), or pathologi-
cal differentiation (P = .726) in breast cancer patients (Table 2).

3.4 | Correlation of SOX30 with DFS and OS in
breast cancer patients

For DFS, data illustrated that patients in SOX30 high-expression
group had better DFS compared to patients in SOX30 low-expression
group (P = .011) (Figure 2A), and increased SOX30 grade (assessed
by semi-quantitative scoring method assessment) was correlated
with superior DFS (P = .015) in breast cancer patients (Figure 2B).
As to OS, patients in SOX30 high-expression group had enhanced
OS compared to patients in SOX30 low-expression group (P = .002)
(Figure 2C), and elevated SOX30 grade (assessed by semi-quanti-
tative scoring method assessment) was also associated with better
OS (P = .014) in breast cancer patients (Figure 2D). Furthermore,
subgroup analysis was conducted; however, no correlation was ob-
served between SOX30 and DFS in TNM stage | patients (P = .980)
(Figure 3A), TNM stage Il patients (P = .218) (Figure 3B), or TNM
stage Il patients (P = .338) (Figure 3C), as well as OS in TNM stage
| patients (P = .169) (Figure 3D), TNM stage Il patients (P = .315)
(Figure 3E), or TNM stage IIl patients (P = .218) (Figure 3F). These

B
D

Bttt

SOX30 high++, IHC score 7-9 SOX30 high+++, IHC score 10-12

(n=35) (n=24)

Immunohistochemistry analysis of SOX30 expression in breast cancer patients. SOX30, Sex-determining region Y-box 30;

might result from the prognostic value of SOX30 relied on its inter-
action with TNM stage, and the limited subgroup sample size de-

creased the statistical power.

3.5 | Factors predicting DFS and OS in breast
cancer patients

For DFS, univariate Cox's regression showed that SOX30 high expres-
sion (P =.012, HR = 0.582) was correlated with better DFS, while poor
pathological differentiation (P < .001, HR = 2.777), enhanced T stage
(P <.001, HR = 2.423), and elevated N stage (P =.002, HR = 1.739) were
associated with worse DFS in breast cancer patients. Multivariate Cox's
regression displayed that poor pathological differentiation (P < .001,
HR = 3.073), enhanced T stage (P < .001, HR = 2.959), and elevated N
stage (P = .004, HR = 1.789) were independent predictive factors for
poor DFS. SOX30 could predict DFS independently in breast cancer pa-
tients to some tendency, while no statistical significance was observed
(P=.224,HR = 0.766) (Table 3). Concerning OS, univariate Cox's regres-
sion illustrated that SOX30 high expression (P = .002, HR = 0.389) and
ER positive (P =.043, HR = 0.645) were correlated with better OS, while
poor pathological differentiation (P < .001, HR = 3.799), enhanced T
stage (P <.001, HR = 4.180), and elevated N stage (P <.001, HR =2.431)
were associated with worse OS in breast cancer patients. Multivariate
Cox's regression revealed that poor pathological differentiation
(P < .001, HR = 4.638), enhanced T stage (P < .001, HR = 6.219), and
elevated N stage (P = .002, HR = 2.296) were independent predictive
factors for worse OS. SOX30 independently predict OS in breast can-
cer patients to some tendency, whereas no statistical significance was
found (P =.087, HR = 0.582) (Table 4). These data revealed that SOX30
was not an independent factor predicting DFS and OS in breast cancer,
indicating that it might interact with independent factors (pathological
differentiation, T stage, and N stage), thereby influencing the prognosis

of breast cancer patients.

4 | DISCUSSION

The anti-tumor property of SOX30 has been revealed by various re-

searches.” For example, SOX30 directly attaches to the promotor
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TABLE 2 Comparison of clinical characteristics between SOX30
high- and low-expression patients

SOX30
Items Low (n=368) High(n=142) Pvalue
Age, No. (%)
<50y 137(37.2) 47 (33.1) .384
250y 231 (62.8) 95 (66.9)
ER status, No. (%)
Negative 150 (40.8) 60 (42.3) 759
Positive 218 (59.2) 82 (57.7)
PR status, No. (%)
Negative 178 (48.4) 69 (48.6) 964
Positive 190 (51.6) 73 (51.4)
HER-2 status, No. (%)
Negative 240 (65.2) 101 (71.1) 204
Positive 128 (34.8) 41 (28.9)
Pathological differentiation, No. (%)
Well 85(23.1) 31(21.8) 726
Moderate 249 (67.7) 103 (72.6)
Poor 34(9.2) 8(5.6)
Tumor size, No. (%)
<3cm 166 (45.1) 82 (57.7) .010
23 cm 202 (54.9) 60 (42.3)
T stage, No. (%)
T1 119 (32.3) 70 (49.3) <.001
T2 201 (54.6) 66 (46.5)
T3 48 (13.1) 6(4.2)
N stage, No. (%)
NO 175 (47.6) 89 (62.7) .001
N1 109 (29.6) 35 (24.6)
N2 73(19.8) 16 (11.3)
N3 11 (3.0) 2(1.4)
TNM stage, No. (%)
| 47 (12.8) 46(32.4) <.001
1] 218 (59.2) 76 (53.5)
n 103 (28.0) 20(14.1)

Note: Comparison was determined by chi-square test or Wilcoxon rank-
sum test.

Abbreviations: ER, estrogen receptor; HER-2, human epithelial growth
factor receptor-2; PR, progesterone receptor; SD, standard deviation.

part of p53 and thus activating the transcription of p53, thereby
inducing apoptosis in lung cancer cells and inhibiting tumor progres-
sion in vivo.*® Meanwhile, it is reported that the knockout of SOX30
in mice promotes lung cancer metastasis, and further study dis-
closes that SOX30 inhibits Wnt/p-catenin pathway by suppressing
B-catenin transcription or by interacting with B-catenin.8 Moreover,
it is revealed that both in colorectal cancer cells and hepatocellu-

lar carcinoma cells, the overexpression of SOX30 suppresses cell
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proliferation and induces apoptosis.9'17 Together, these researches
clearly point out the anti-tumor property of SOX30.

The decreased expression of SOX30 is reported in several tumor
tissues including bladder tumor tissues and lung adenocarcinoma tis-
sues 1218: however, the SOX30 expression in breast cancer patients
remained to be explored. Therefore, 510 breast cancer patients were
enrolled in this study and expression of SOX30 in them was analyzed
by IHC. Data revealed that there were 368 (72.2%) patients with
SOX30 low expression, while 142 (27.8%) patients with SOX30 high
expression. Moreover, SOX30 was highly expressed in non-cancer-
ous tissues and was decreased in breast cancer cell lines compared
to human normal breast cell line, implying SOX30 might be an an-
ti-oncogene in breast cancer.

As to the correlation of SOX30 with tumor burden, it is dis-
closed that SOX30 is negatively correlated with clinical stage and
metastasis in ovarian cancer patients,'? with the stage and grade
of malignancy in malignant lymphomas patients,'” with TNM stage
in bladder cancer patients,' and with tumor size in liver cancer pa-
tients,'” etc In line with these researches, we discovered that SOX30
was correlated with reduced tumor size, ameliorated T stage, N
stage, and TNM stage in breast cancer patients. These data could be
explained by that: (a) In breast cancer, SOX30 might also exert sim-
ilar anti-cancer properties as in lung adenocarcinoma, which inhib-
its the proliferation and induced apoptosis in breast cancer cells by
activating p53 transcription, thus reducing tumor growth in breast
cancer. Therefore, SOX30 was negatively associated with tumor size
and T stage in breast cancer patients. (2) As described above, SOX30
suppresses metastasis in several kinds of tumor by inhibiting Wnt/f-
catenin pathway, and in this study, SOX30 might also target Wnt/f-
catenin pathway to prevent breast cancer cells from migrating and
invading into nearby lymph nodes in patients. Therefore, SOX30 was
negatively correlated with N stage in breast cancer patients.

Several previous researches disclose that SOX30 was cor-
related with better prognosis in cancer patients (including ovarian
cancer patients and clear cell renal cell carcinoma patients).?°-?2
In the present study, prolonged DFS and OS were observed in
SOX30 high-expression group, and increased SOX30 grade (as-
sessed by semi-quantitative scoring method assessment) was
correlated with enhanced DFS and OS in breast cancer patients.
Moreover, patients with extreme SOX30 high expression had
prolonged DFS and OS. Possible explanations might be that: (a)
SOX30 is correlated with favorable tumor characteristics (tumor
size, T stage, N stage, and TNM stage) in breast cancer; therefore,
it might affect the prognosis of breast cancer patients by influenc-
ing these tumor characteristics. (b) SOX30 is known to promote
p53 transcription, and the up-regulation of p53 is one of the solu-
tions to chemoresistance in breast cancer, which is caused by the
degradation of p53 by mouse double minute 2 homolog (MDM?2).2
SOX30 might alleviate the inhibitory role of MDM2 toward p53,
thereby increased the effect of neoadjuvant therapy or system-
atic adjuvant therapy in breast cancer patients; therefore, patients
with increased SOX30 had improved prognosis. Notably, multivar-

iant Cox's regression analysis illustrated that SOX30 was not an
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expression group, SOX30 high + expression group, and SOX30 low-expression group. DFS, disease-free survival; OS, overall survival;
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FIGURE 3 Subgroup analysis. The difference of DFS between SOX30 high-expression group and SOX30 low-expression group in
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independent predictive factor for DFS and OS in breast cancer pa-
tients, implying that it might interact with other independent pre-
dictive factors (pathological differentiation, T stage, and N stage)

to influence the prognosis in breast cancer patients, which needed
further investigation. Interestingly, according to several previous

studies, SOX30 lacks predictive value for prognosis in clear cell
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TABLE 3 Univariate and multivariate
Cox's proportional hazard regression
model analyses of factors predicting DFS
in breast cancer patients

Items

SOX30 high
expression

Age (250y)

ER positive

PR positive

HER-2 positive

Pathological
differentiation (poor
vs moderate/well)

T stage (T2/T3vs T1)

N stage (N1/N2/N3
vs NO)

Univariate Cox's regression Multivariate Cox's regression

P value HR (95% ClI) P value HR (95% ClI)
.012 0.582(0.382-0.888) 224 0.766 (0.498-1.177)
742 0.943 (0.664-1.338) .220 0.799 (0.558-1.144)
.208 0.805 (0.574-1.128) 498 1.209 (0.698-2.093)
.081 0.740 (0.528-1.038) .084 0.623 (0.364-1.066)
.577 1.105 (0.779-1.568) 944 0.987(0.681-1.431)

<.001 2.777 (1.758-4.388) <.001 3.073 (1.868-5.055)

<.001 2.423(1.615-3.636) <.001 2.969 (1.925-4.578)
.002 1.739 (1.235-2.447) .004 1.789 (1.200-2.667)

Abbreviations: DFS, disease-free survival; Cl, confidence interval; ER, estrogen receptor; HER-2,
human epithelial growth factor receptor-2; HR, hazard ratio; PR, progesterone receptor.

TABLE 4 Univariate and multivariate
Cox's proportional hazard regression
model analyses of factors predicting OS in
breast cancer patients

Items

SOX30 high
expression

Age (250y)

ER positive

PR positive

HER-2 positive

Pathological
differentiation (poor
vs moderate/well)

T stage (T2/T3vs T1)

N stage (N1/N2/N3
vs NO)

Univariate Cox's regression Multivariate Cox's regression

P value HR (95% ClI) P value HR (95% Cl)
.002 0.389 (0.211-0.717) .087 0.582(0.313-1.082)
.636 0.898 (0.576-1.402) 135 0.698 (0.436-1.118)
.043 0.645 (0.421-0.987) .655 0.845 (0.405-1.764)
162 0.737 (0.481-1.131) .395 0.725 (0.346-1.519)
.062 1.504 (0.979-2.312) .266 1.304 (0.817-2.083)
<.001 3.799 (2.279-6.334) <.001 4.638 (2.605-8.258)
<.001 4.180 (2.269-7.702) <.001 6.219 (3.191-12.121)
<.001 2.431 (1.546-3.822) .002 2.296 (1.355-3.889)

Abbreviations: Cl, confidence interval; ER, estrogen receptor; HER-2, human epithelial growth
factor receptor-2; HR, hazard ratio; OS, overall survival; PR, progesterone receptor.

renal cell carcinoma and correlated with worse prognosis in hepa-
tocellular carcinoma.”?? The discrepancies in the results between
these previous studies and our study might be caused by the dif-
ference in the types of cancer.

Several limitations, however, existed in the present study, and
further investigations should be conducted. The first is that all of
the 510 patients were newly diagnosed as breast cancer; therefore,
the significance of SOX30 in recurrent breast cancer patients was
not investigated. The second limitation lied to that breast cancer
patients with distant metastasis were not enrolled, and the role of
SOX30 in them, as well as the correlation of SOX30 with M stage
and TNM stage IV, was unclear. Finally, fundamental biological as-
says could be conducted to explore the role of SOX30 in the prolif-
eration, migration, and invasion of breast cancer cells and further
evaluate SOX30 as a potential therapeutic option in breast cancer.

To be collective, SOX30 is negatively correlated with tumor size

and stage, but positively correlated with DFS and OS in breast cancer

patients. Therefore, SOX30 is a vital biomarker for breast cancer,
which might contribute to the outcome of breast cancer patients.

ACKNOWLEDGMENTS

None.

ORCID

Jing Wu https://orcid.org/0000-0002-5951-0262

Wanling Yin https://orcid.org/0000-0002-9767-7813

REFERENCES

1. Harbeck N, Gnant M.
2017;389(10074):1134-1150.

2. Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA
Cancer J Clin. 2015;65(2):87-108.

3. Akram M, Igbal M, Daniyal M, et al. Awareness and current knowl-
edge of breast cancer. Biol Res. 2017;50(1):33.

Breast cancer. Lancet.


https://orcid.org/0000-0002-5951-0262
https://orcid.org/0000-0002-5951-0262
https://orcid.org/0000-0002-9767-7813
https://orcid.org/0000-0002-9767-7813

MWI LEY

4.

10.

11.
12.
13.

14.

15.
16.

17.

PENG ET AL.

Winters S, Martin C, Murphy D, et al. Breast cancer epidemiology,
prevention, and screening. Prog Mol Biol Transl Sci. 2017;151:1-32.
McDonald ES, Clark AS, Tchou J, et al. Diagnosis and Management
of Breast. Cancer. J Nucl Med. 2016;57(Supplement_1):95-16S.
Runowicz CD, Leach CR, Henry NL, et al. American Cancer Society/
American Society of Clinical Oncology Breast Cancer Survivorship
Care Guideline. CA Cancer J Clin. 2016;66(1):43-73.

Grimm D, Bauer J, Wise P, et al. The role of SOX family members in
solid tumours and metastasis. Semin Cancer Biol. 2019.

Han F, Liu WB, Shi XY, et al. SOX30 inhibits tumor metastasis
through attenuating wnt-signaling via transcriptional and posttrans-
lational regulation of beta-catenin in lung cancer. EBioMedicine.
2018;31:253-266.

Tao J, Liu Z, Wang Y, et al. MicroRNA-645 represses hepatocellular
carcinoma progression by inhibiting SOX30-mediated p53 tran-
scriptional activation. Int J Biol Macromol. 2019;121:214-222.

Liu Y, Wang H, Zhong J, et al. Decreased expression of SRY-box
containing gene 30 is related to malignant phenotypes of human
bladder cancer and correlates with poor prognosis. BMC Cancer.
2018;18(1):642.

Han F, Zhang MQ, Liu WB, et al. SOX30 specially prevents Wnt-
signaling to suppress metastasis and improve prognosis of lung ad-
enocarcinoma patients. Respir Res. 2018;19(1):241.

Han F, Liu WB, Li JJ, et al. SOX30 is a prognostic biomarker and che-
motherapeutic indicator for advanced-stage ovarian cancer. Endocr
Relat Cancer. 2019.

Han F, Liu W, Xiao H, et al. High expression of SOX30 is associated
with favorable survival in human lung adenocarcinoma. Sci Rep.
2015;5:13630.

Fu H, Jin C, Zhu Q, et al. Dysregulated expressions of PTEN, NF-
kappaB, WWP2, p53 and c-Myc in different subtypes of B cell
lymphoma and reactive follicular hyperplasia. Am J Transl Res.
2019;11(2):1092-1101.

NCCN. Breast Cancer Guidline. (2013. V3).

Han F, Liu W, Jiang X, et al. SOX30, a novel epigenetic silenced
tumor suppressor, promotes tumor cell apoptosis by transcriptional
activating p53 in lung cancer. Oncogene. 2015;34(33):4391-4402.
Guo ST, Guo XY, Wang J, et al. MicroRNA-645 is an oncogenic reg-
ulator in colon cancer. Oncogenesis. 2017;6(5):e335.

18.

19.

20.

21.

22.

23.

Hao X, Han F, Ma B, et al. SOX30 is a key regulator of desmosomal
gene suppressing tumor growth and metastasis in lung adenocarci-
noma. J Exp Clin Cancer Res. 2018;37(1):111.

Zhan C, Wang T, You H, et al. Different expressions of miR-125b
and SOX30 in malignant lymphomas and their significance. J BUON.
2018;23(4):1179-1184.

Zhang TJ, Wen XM, Zhou JD, et al. SOX30 methylation correlates
with disease progression in patients with chronic myeloid leukemia.
Onco Targets Ther. 2019;12:4789-4794.

Zhou JD, Wang YX, Zhang TJ, et al. Identification and validation of
SRY-box containing gene family member SOX30 methylation as a
prognostic and predictive biomarker in myeloid malignancies. Clin
Epigenetics. 2018;10:92.

Gu W, Wang B, Wan F, et al. SOX2 and SOX12 are predictive of
prognosis in patients with clear cell renal cell carcinoma. Oncol Lett.
2018;15(4):4564-4570.

Tracz-Gaszewska Z, Klimczak M, Biecek P, et al. Molecular
chaperones in the acquisition of cancer cell chemoresistance
with mutated TP53 and MDM2 up-regulation. Oncotarget.
2017;8(47):82123-82143.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Peng H, Luo Y, Wu J, Yin W.
Correlation of sex-determining region Y-box 30 with tumor
characteristics and its prognostic value in breast cancer. J Clin
Lab Anal. 2020;34:e23232. https://doi.org/10.1002/jcla.23232



https://doi.org/10.1002/jcla.23232

