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Abstract: The sex-determining region Y-box 12 (SOX12) is implicated in several oncogenic signaling pathways of 
multiple types of cancer; however, the biological effects of SOX12 on breast cancer has yet to be elucidated. Here, 
we assessed SOX12 expression using real-time quantitative PCR in 142 pairs of breast cancer and adjacent normal 
tissues (ANTs) and immunohistochemistry in 524 breast cancer and 147 ANTs. The effects of SOX12 on breast 
cancer progression, clinicopathological variables, and prognostic value were then investigated. SOX12 expression 
was markedly elevated in breast cancer tissues relative to that in ANTs at both mRNA and protein levels. Positive 
SOX12 expression was correlated to tumor size (P = 0.005), estrogen receptor (ER) (P = 0.018) and human epi-
dermal growth factor receptor (HER2) (P = 0.004) status, lymph node metastasis (P < 0.001), and the tumor-node-
metastasis (TNM) stage (P < 0.001). Notably, the positive rate of SOX12 expression gradually increased with breast 
cancer progression. Multivariate analysis indicated that SOX12 was an independent prognostic factor for overall 
survival (OS, P = 0.023) and distant metastasis-free survival (DMFS, P = 0.012). Subgroup analysis revealed that 
luminal and HER2 patients with positive SOX12 expression had a shorter OS period than those with negative SOX12 
expression. Moreover, SOX12 expression was associated with a high risk of distant metastasis in invasive carcinoma 
with the lymph node metastasis subgroup. In summary, SOX12 correlates with progression and poor prognosis in 
human breast cancer, suggesting that SOX12 is a potential target for breast cancer treatment and warrants further 
functional research.
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Introduction

Breast cancer is one of the most frequently 
occurring malignant tumors, with a rising inci-
dence rate and the highest cancer mortality in 
females worldwide [1]. An estimated 2.1 million 
new cases and 626,679 deaths were reported 
in 2018 [2, 3]. Various methods have been 
developed for early diagnosis and multidisci-
plinary treatment to lower mortality rates [4]; 
regardless, 25%-50% of patients with breast 
cancer were predicted to ultimately develop 
distant metastasis and then succumbed after 
decades of diagnosis and primary tumor resec-
tion [5, 6]. The identification of cancer progres-
sion-related genes that exhibit potential thera-
peutic value remains as a major objective of 
breast cancer research. 

The sex-determining region Y-box (SOX) tran-
scriptional factors include more than 20 mem-

bers in vertebrates. These SOX transcriptional 
factors are characterized by the conserved 
DNA-binding high-mobility group box and subdi-
vided into 8 groups named A to H [7-9]. SOX 
genes present a specific or more complex 
expression pattern and play an essential role 
during embryonic development, cell differentia-
tion, tumorigenesis, and cancer [8, 10, 11]. The 
SOXC group consists of SOX4, SOX11, and 
SOX12, which have a critical role in neuron and 
retina formation, skeletogenesis, and notably in 
multiple types of malignancies [12, 13]. SOX4 
mediates epithelial-to-mesenchymal transition 
(EMT) in normal and breast cancer cells and is 
related to tumorigenesis and metastasis in vivo 
as well as cell viability in vitro [14]. Song et al. 
reported that high SOX4 expression is an inde-
pendent unfavorable prognostic factor in breast 
cancer patients [15]. SOX11 is regarded as an 
essential regulatory factor for cell growth, 
migration, and invasion in triple-negative breast 
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cancer [16, 17]. High levels of SOX11 expres-
sion are associated with poor overall survival 
and increased formation of metastasis in 
breast cancer patients [16, 18]. SOX12 is mark-
edly elevated in colorectal carcinoma tissues 
and facilitates cancer cell proliferation and 
metastasis by inducing asparagine synthesis 
[19]. Moreover, SOX12 enhances the metastat-
ic capacity of cancer cells by regulating matrix 
metalloproteinase 7 (MMP7) and insulin-like 
growth factor 1 (IGF1) in gastric cancer [20]. 
Intriguingly, a recent study demonstrated that 
low SOX12 expression correlated with poor sur-
vival in malignant gastric tumors [21]. Ding et 
al. reported an increase in the SOX12 mRNA 
level in samples from patients with breast can-
cer and confirmed its function in facilitating the 
proliferation, migration, and metastasis of 
breast cancer cells [22]; however, their study 
lacked the detection of SOX12 expression at 
the protein level and associated survival analy-
sis. Indeed, there has been no evidence con-
cerning the specific effect of SOX12 expression 
on breast cancer outcomes. Verification is 
clearly needed to explore the function and 
prognostic value of SOX12 expression in breast 
cancer. 

SOX12 mRNA expression was determined by 
real-time quantitative polymerase chain reac-
tion (RT-qPCR). Immunohistochemistry (IHC) 
was conducted using 524 formalin-fixed paraf-
fin-embedded breast cancer tissues with com-
plete clinical information and outcome data. In 
this study, we examined the SOX12 expression 
in breast cancer samples and its association 
with progression as well as clinicopathologic 
characteristics, particularly prognosis. 

Materials and methods

Patients and clinicopathological information

The research protocol was reviewed and 
approved by the Ethics Committee of the 
Shanghai General Hospital, Shanghai Jiao Tong 
University School of Medicine. Written informed 
consent was obtained from each participant. 
All procedures performed in this study involving 
human participants were in accordance with 
the 1964 Helsinki declaration and its later 
amendments. This article does not contain any 
animal studies conducted by any of the authors. 

A series of 524 patients with pathologically 
diagnosed breast cancer were retrospectively 
enrolled in our study from 2005 to 2009 at the 
Shanghai General Hospital, Shanghai Jiao Tong 
University School of Medicine, Shanghai, China, 
consisting of 45 patients with ductal carcinoma 
in situ (DCIS) and 479 invasive carcinoma (IC) 
cases; 147 pairs of adjacent normal tissues 
(ANTs) were enrolled as well. In this retrospec-
tive cohort, 203 patients had lymph node 
metastasis. Moreover, 30 normal breast epi-
thelial tissues and 142 pairs of frozen breast 
cancer and ANTs were collected and then snap-
frozen with liquid nitrogen after surgical resec-
tion. The inclusion and exclusion criteria are 
presented in detail in Table 1.

Estrogen receptor (ER), progesterone receptor 
(PR), human epidermal growth factor receptor 
2 (HER2), and Ki-67 expression status were 
available from standardized histopathology 
reports. ER and PR were defined as positive 
with more than 10% positively staining nucleus 
[23]. Fluorescence in situ hybridization was 
performed to determine HER2 status in the 

Table 1. Inclusion and exclusion criteria of the present study
Inclusion criteria Exclusion criteria
• Written informed consent • Declined to participate

• Female patients with unilateral, stage I-III breast cancer who had 
undergone standard surgical treatment and confirmed histologically

• Receipt of neoadjuvant radiotherapy, chemotherapy, or hormonal 
therapy for breast cancer

• Available primary tumor samples; Adjacent normal breast tissues 
selected from an area more than 5 cm from the edge of the tumor

• Patients had distant metastasis at the time of diagnosis

• Complete clinicopathological and follow-up information • Other concurrent malignant diseases or previous diagnosis of carcinoma

• Severe cardiac or cardiovascular disease

• Severe cerebrovascular disease

• Severe renal failure

• Severe respiratory insufficiency

• Prior organ transplantation

• Pregnancy or lactation
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equivocal judgment of HER2 expression by 
immunohistochemistry (IHC) [24]. Ki-67 index 
was dichotomized to high- and low-expression 
groups, with 20% as the cut-off point [25]. The 
patients were staged using the American Joint 
Committee on Cancer (AJCC) tumor-node-
metastasis (TNM) system for breast cancer 
staging [26]. All specimens were evaluated by 
two independent pathologists. Data on patient 
age, menstrual status, tumor size, histological 
grade, and lymph node status were obtained 
from medical records and pathological reports.

Intrinsic molecular subtypes

Patients were subdivided into 4 groups in 
accordance with the St. Gallen Consensus 
2013 [27]: luminal A: ER-positive and/or 
PR-positive, HER2-negative, and Ki-67 ≤ 20%; 
luminal B (HER2-negative): ER-positive and/or 
PR-positive, HER2 negative, and Ki-67 > 20%; 
luminal B (HER2 positive): ER-positive and/or 
PR-positive and HER2 positive; HER2 type: 
ER-negative, PR-negative, and HER2-positive; 
Triple-negative breast cancer (TNBC): ER-nega- 
tive, PR-negative, and HER2-negative.

Immunohistochemistry

Whole-tissue blocks from 524 breast cancer 
tissues and 147 ANTs were sliced into 4 µm 
sections and heated in a hot chamber for 1 h at 
60°C, followed by dewaxing and epitope retriev-
al. Slides were immunoreacted for 1 h with the 
anti-SOX12 primary antibody (diluted at 1:100; 
Sigma-Aldrich) and then incubated with the 
secondary antibody for 30 min. Hematoxylin 
was used for counterstaining. Two indexes-
staining intensity and percentage of the stain-
ing cells-were evaluated by two senior patholo-
gists blinded to patient medical information. 
The staining intensities were assigned as fol-
lows: 0 (no stain), 1 (weak), 2 (moderate), and 3 
(strong). The percentages of staining cancer 
cells were graded as follows: 0 (< 5%), 1 (5%-
25%), 2 (26%-50%), 3 (51%-75%), and 4 (> 
75%). SOX12 expression was determined ba- 
sed on the semi-quantitative immunoreactive 
score (IRS) [28], which was determined by mul-
tiplying the two indexes mentioned above. 
Slices with a score from 0 to 5 were regarded 
as negative expression, whereas those with a 
score from 6 to 12 were considered as positive 
expression.

Real-time quantitative polymerase chain reac-
tion

Total RNA from snap-frozen tissues was extract-
ed with TRIzol Reagent (Invitrogen), followed by 
reverse transcription using the PrimeScript™ 
RT Reagent Kit (TaKaRa). For RT-qPCR, cDNA 
was amplified using the SYBR Green Real-time 
PCR Kit (QIAGEN). The primers of SOX12 were 
designed as follows: forward, 5’-AAGAGGCCG- 
ATGAACGCATT-3’; reverse, 5’-TAGTCCGGGTAAT- 
CCGCCAT-3’. GAPDH was utilized as the internal 
control, and primers were the following: for-
ward, 5’-AATGGACAACTGGTCGTGGAC-3’; rever- 
se, 5’-CCCTCCAGGGGATCTGTTTG-3’. The cy- 
cling parameters were set up as follows: 45 
cycles of 95°C for 15 s, 55°C-60°C for 15 s, 
and 72°C for 15 s. The results of RT-qPCR were 
calculated using the 2-ΔΔCt method.

Statistical analysis

Overall survival (OS) was defined as the period 
from breast cancer surgery to death from any 
causes. Distant metastasis-free survival (DM- 
FS) was defined as the time after surgery until 
the diagnosis of distant metastatic lesions 
derived from breast cancer.

Data were statistically analyzed using IBM 
SPSS 22.0 and GraphPad Prism 8.0. Rela- 
tionships between SOX12 expression and clini-
copathologic factors were evaluated using the 
chi-squared test. Differences in the immunore-
active score (IRS) between the two groups were 
evaluated using the Mann-Whitney U test. The 
Kaplan-Meier method was used to plot survival 
curves, and the log-rank test was used to com-
pare the survival of the different groups. 
Univariate and multivariate Cox proportional 
hazard regression analyses were performed to 
evaluate the effect of SOX12 expression and 
other clinicopathological factors on OS and 
DMFS. P < 0.05 was considered statistically 
significant. 

Results

SOX12 is highly expressed in breast cancer 
tumors

A total of 524 patients with pathologically diag-
nosed primary breast cancer from a retrospec-
tive cohort were included in this study. All 
patients were female with a median age of 51 y 
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(range 22-84 y); 16.4% of the patients were 
younger than 35 y when diagnosed, and 38.7% 
had regional lymph node involvement during 
the postoperative pathological examination. 

We first analyzed the SOX12 mRNA levels in 
142 paired breast cancer specimens and ANTs 
by RT-qPCR. The SOX12 levels were markedly 
increased in breast cancer tissues relative to 
that in ANTs (n = 142) (Figure 1A). As shown in 
Figure 1B and 1C, breast cancer cases with 
metastasis (n = 35) or recurrence (n = 46) 
showed markedly higher SOX12 levels than 
those without metastasis (n = 107) or without 
recurrence (n = 96). SOX12 mRNA levels were 
elevated in the paired metastatic lesions (n = 
32) relative to those in primary breast cancer 
specimens (Figure 1D).

SOX12 expression was determined by IHC 
using a previously reported antibody specific 
for SOX12 [19]. SOX12 was mainly expressed 
in the nucleus of the cancer cells, which was 
consistent with previous reports [19, 20, 29]. 
SOX12 expression was positive in 339 (64.7%) 
of the 524 evaluable primary breast cancer tis-
sues; meanwhile, only 15.6% (23/147) of ANTs 
showed positive immunoreactivity for SOX12. A 
significant difference in SOX12 expression was 
found between ANTs and breast cancer tissues 
(Figure 1E). Compared with that in ANTs, the 
median IRS of SOX12 expression in breast can-
cer tissues was markedly higher (Figure 1F). 
Representative images of SOX12 staining in 
breast cancer tissues are presented in Figure 
1G. Of all 524 patients, 63.9% (349) were 
ER-positive, consisting of 6.6% (23) DCIS and 
93.4% (326) IC. Compared with the ER-negative 
group in breast cancer, the median SOX12 
staining IRS of the ER-positive group was high-
er (Figure 1H), indicating that SOX12 is corre-
lated to ER expression in breast cancer. 

Overall, SOX12 expression is elevated in breast 
cancer relative to that in ANTs, particularly in 
the ER-positive group.

SOX12 expression is related to clinicopatho-
logical characteristics

The association between SOX12 expression 
and clinicopathological parameters in breast 
cancer was analyzed (Table 2). Positive SOX12 
expression was markedly related to pathologi-
cal large tumor size (χ2 = 10.462, P = 0.005), 
lymph node metastasis (χ2 = 12.344, P < 
0.001), and advanced TNM staging (χ2 = 7.622, 

P = 0.022). SOX12 expression was also posi-
tively associated with ER (χ2 = 5.605, P = 
0.018) and PR (χ2 = 8.453, P = 0.004) expres-
sion. For molecular subtypes, 68.8% (97/141) 
of breast cancer tissues showed positive 
SOX12 expression in the luminal A subtype, 
66.1% (160/242) in the luminal B subtype, 
58.4% (52/89) in the HER2 subtype, and 57.7% 
(30/52) in TNBC. However, no statistical differ-
ence in SOX12 expression was detected in sev-
eral molecular subtypes of breast cancer (χ2 = 
3.899, P = 0.273). SOX12 expression showed 
no significant association with other clinico-
pathologic characteristics, including age at 
diagnosis, menopausal status, histologic clas-
sification, HER2, Ki-67, and P53 expression. To 
summarize, positive SOX12 expression was sig-
nificantly related to tumor size, ER and PR sta-
tus, lymph node metastasis, and TNM staging. 

SOX12 expression correlated with breast can-
cer progression

We then determined the SOX12 expression lev-
els in ANTs (n = 147), DCIS (n = 45), invasive 
cancer with no lymph node metastasis (ICW, n 
= 264), and invasive cancer with lymph node 
metastasis (ICLNM, n = 215). The SOX12 ex- 
pression levels were as follows: 15.6% in ANTs, 
42.2% in DCIS, 59.1% in ICW, and 70.2% in 
ICLNM. Positive SOX12 expression gradually 
increased with disease progression. Compared 
with ANTs, all other subtypes showed increased 
SOX12 expression with breast cancer progres-
sion (Figure 2A, DCIS vs. ANTs, P < 0.001; ICW 
vs. ANTs, P < 0.001; ICLNM vs. ANTs, P < 0.001; 
ICW vs. DCIS, P = 0.035; ICLNM vs. DCIS, P < 
0.001; ICLNM vs. ICW, P = 0.011). Moreover, 
the median IRS levels of SOX12 staining in 
ANTs, DCIS, ICW, and ICLNM were gradua- 
lly elevated; significant differences between 
groups were found (Figure 2B). Representative 
images of SOX12 staining in ANTs, DCIS, ICW, 
and ICLNM are presented in Figure 2C. The IRS 
of SOX12 expression in the invasive carcinoma 
subgroup was higher than that in the DCIS sub-
group independent of ER expression; mean-
while, the IRS of SOX12 expression was 
increased in both the invasive carcinoma and 
DCIS subgroups with ER-positive expression 
(Figure 2D). The results further verified that 
SOX12 was related to ER expression in breast 
cancer.

Subsequently, the association between SOX12 
expression and the TNM stage was evaluated. 
The positive rate of SOX12 in stage I was 47.3%, 
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Figure 1. Markedly elevated SOX12 in human breast cancer tissues. A. Real-time PCR results of SOX12 mRNA levels in paired breast cancer tissues and adjacent 
normal tissues (ANTs) (n = 142). B. Relative expression of SOX12 mRNA in breast cancer cases with metastasis (n = 35) and without metastasis (n = 107). C. Rela-
tive expression of SOX12 mRNA in breast cancer cases with recurrence (n = 46) and without recurrence (n = 96). D. Relative expression of SOX12 mRNA expression 
in paired tissues from primary breast cancer and metastatic lesions (n = 32). E. Proportion of breast cancer tissues with positive SOX12 expression being higher 
than that of ANTs (P < 0.001). F. Higher median immunoreactive score (IRS) of breast cancer tissues than that of ANTs (P < 0.001). G. Representative immunohisto-
chemistry (IHC) images of different SOX12 staining intensities in breast cancer tissues (Scale bar, 50 µm). H. Higher median IRS in estrogen receptor (ER)-positive 
breast cancer tissues than in ER-negative cases (P = 0.030).
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Table 2. Association between SOX12 expression and clinicopathologic characteristics

Clinicopathological parameters
Expression of SOX12

χ2 P-value
Positive (n = 339) Negative (n = 185) Total (n = 524)

Age at diagnosis (years)
    ≤ 35 43 16 59 1.951 0.163
    > 35 296 169 465
Pathologic tumor size (cm)
    T1 130 98 228 10.462 0.005
    T2 183 77 260
    T3 26 10 36
Menopausal status
    Premenopausal 189 94 283 1.177 0.278
    Postmenopausal 150 91 241
Histological grade
    1 30 16 46 7.498 0.058
    2 153 97 250
    3 116 63 179
    Unknown 40 9 49
ER
    Positive 238 111 349 5.605 0.018
    Negative 101 74 175
PR
    Positive 245 125 370 1.276 0.259
    Negative 94 60 154
HER2
    Negative 252 115 367 8.453 0.004
    Positive 87 70 157
Lymph node metastasis
    Negative 181 128 309 12.344 < 0.001
    Positive 158 57 215
TNM
    I 52 58 110 22.958 < 0.001
    II 206 104 310
    III 81 23 104
Ki-67 status
    < 20% 98 59 165 4.235 0.120
    ≥ 20% 241 126 316
P53 status
    Positive 227 125 328 2.456 0.293
    Negative 75 47 132
    Unknown 37 13 21
Molecular subtype
    Luminal A 97 44 141 3.899 0.273
    Luminal B 160 82 242
    HER2 type 52 37 89
    TNBC 30 22 52
SOX12, sex-determining region Y-box 12; TNM, tumor-node-metastasis; ER, estrogen receptor; PR, progesterone receptor; 
HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer; P-values that reach significance are in 
bold.
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Figure 2. SOX12 promotes breast cancer progression. A. Comparison of the proportions of positive 
SOX12 expression of adjacent normal tissues (ANTs), ductal carcinoma in situ (DCIS), invasive car-
cinoma without lymph node metastasis (ICW), and invasive carcinoma with lymph node metastasis 
(ICLNM) tissues. Gradual increases in SOX12 expression levels with breast cancer progression. B. 
Markedly increased median immunoreactive score (IRS) with breast cancer progression. C. Represen-
tative SOX12 immunohistochemistry (IHC) staining micrographs of ANTs, DCIS, ICW, and ICLNM. In-
creased staining intensities in invasive carcinoma tissues. D. Higher median IRS in invasive carcinoma 
(IC) than in DCIS under the same estrogen receptor (ER) status. E. Comparison of the percentages of 
positive SOX12 expression in TNM stages I, II, and III. Gradual increases in the proportion of positive 
SOX12 expression as the cancer progresses. F. Increase in median SOX12 IRS as the extent of cancer 
increases. G. Representative SOX12 staining micrographs of stages I, II, and III. 
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which increased to 66.5% and 77.9% in stages 
II and III, respectively (Figure 2E). Significant 
differences in SOX12 IRS among the subgroups 
at each TNM stage were indicated (Figure 2F). 
Representative photomicrographs of SOX12 
immunohistochemical staining at each TNM 
stage are presented in Figure 2G. Overall, 
SOX12 expression plays a vital part in breast 
cancer development.

SOX12 expression correlated with poor patient 
prognosis

The median follow-up periods in the SOX12-
negative and -positive subgroups were 10.6 

and 10.1 y, respectively. The effect of SOX12 
expression on clinical outcome was assessed 
using the Kaplan-Meier estimator. During the 
follow-up period, 81 (15.5%) cases died-65 
(19.2%) of 339 patients from the SOX12-
positive group and 16 (8.6%) of 185 cases from 
the SOX12 negative-group. The 10-year OS was 
83.3% in the SOX12-negative group and 60.5% 
in the SOX12-positive group (univariate Cox 
regression HR 3.129, 95% CI 1.386-7.024, P = 
0.006; Figure 3A; Table 3). In multivariate sur-
vival analysis, positive SOX12 expression 
proved to be an independent prognostic indica-
tor for poor OS (HR 2.532, 95% CI 1.154-5.586, 
P = 0.023; Table 3).

Figure 3. Prognostic significance of SOX12 in patients with breast can-
cer. A, B. Kaplan-Meier analysis suggesting that positive SOX12 expres-
sion is associated with poor overall survival (OS, P = 0.002) and distant 
metastasis-free survival (DMFS, P = 0.001). C-E. Kaplan-Meier curves 
for OS in breast cancer patients with different TNM staging. F-I. Kaplan-
Meier curves for OS in breast cancer patients with different intrinsic 
molecular subtypes. J. Relation of SOX12 expression to a high risk of 
distant metastasis in invasive carcinoma with lymph node metastasis 
(ICLNM, P = 0.004).
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Distant metastasis occurred in 101 cases dur-
ing the follow-up period-84 (24.8%) of 339 
cases from the SOX12-positive group and 17 
(9.2%) of 185 cases from the SOX12-negative 
group. The 10-year DMFS was 80.1% in the 
SOX12-negative group and 53.8% in the 
SOX12-positive group (univariate survival anal-
ysis HR 1.907, 95% CI 1.238-2.943, P = 0.003; 
Figure 3B; Table 4). Multivariate analysis indi-
cated that coupled with lymph node metasta-
sis, positive-SOX12-expression was considered 
as an independent indicator for DMFS (HR 
1.724, 95% CI 1.028-2.636, P = 0.012; Table 
4).

The influence of SOX12 expression on OS was 
further stratified by the TNM stage and molecu-
lar subtypes to improve the identification of 
high-risk patients. SOX12 expression was neg-
atively related to OS in the stages II and III 
groups (P = 0.010, P = 0.041, respectively), 
instead of the stage I group (P = 0.106). This 
finding suggested that SOX12 is a potential 
indicator of poor prognosis in breast cancer in 
advanced stages (Figure 3C-E). In addition, in 
the subgroup analyses based on the intrinsic 
molecular subtype, SOX12 expression was cor-
related with shortened OS in subtypes luminal 
A (P = 0.026), luminal B (P = 0.008), and HER2 

Table 3. Univariate and multivariate analyses of overall survival in breast cancer patients

Variables Category
Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value
Age (Years) > 35 vs. ≤ 35 1.225 0.543-2.612 0.628
Tumor size T2, T3 vs. T1 1.440 0.678-3.095 0.341
Histological grade Grade 3 vs. grade 1, 2 1.617 0.694-4.382 0.285
ER Negative vs. positive 3.018 1.408-6.836 0.005 2.742 1.276-6.230 0.012
PR Negative vs. positive 2.020 0.949-4.364 0.076
HER2 Positive vs. negative 3.890 1.625-9.919 0.003 4.626 1.873-12.032 0.001
Lymph node metastasis Positive vs. negative 1.775 0.656-6.190 0.284
TNM stage III vs. I + II 2.936 1.211-7.485 0.017 1.703 0.579-5.548 0.349
Ki-67 status ≥ 20% vs. < 20% 1.071 0.404-2.628 0.884
P53 status Negative vs. positive 1.595 0.647-3.821 0.302
SOX12 Positive vs. negative 3.129 1.386-7.024 0.006 2.532 1.154-5.586 0.023
HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2; TNM, tumor-node-metastasis; SOX12, sex-determining region Y-box 12; P-values that reach significance are 
in bold.

Table 4. Univariate and multivariate analyses of distant metastasis-free survival in breast cancer 
patients

Variables Category
Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value
Age (Years) > 35 vs. ≤ 35 1.194 0.827-1.721 0.343
Tumor size T2, T3 vs. T1 1.208 0.793-1.841 0.379
Histological grade Grade 3 vs. grade 1, 2 1.094 0.720-1.665 0.676
ER Negative vs. positive 1.705 1.117-2.605 0.014 1.248 1.054-1.915 0.031
PR Negative vs. positive 1.184 0.985-1.424 0.073
HER2 Positive vs. negative 1.048 0.683-1.604 0.830
Lymph node metastasis Positive vs. negative 2.473 1.584-3.879 < 0.001 1.837 1.129-2.994 0.019
TNM stage III vs. I + II 1.360 0.654-2.857 0.429
Ki-67 status ≥ 20% vs. < 20% 1.585 0.552-4.544 0.405
P53 status Negative vs. positive 1.061 0.370-3.042 0.926
SOX12 Positive vs. negative 1.907 1.238-2.943 0.003 1.724 1.028-2.636 0.012
HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2; TNM, tumor-node-metastasis; SOX12, sex-determining region Y-box 12; P-values that reach significance are 
in bold.
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(P = 0.017) but not in TNBC (P = 0.128) (Figure 
3F-I). 

We then explored the association between 
SOX12 expression and DMFS in the ICLNM sub-
group. ICLNM with positive SOX12 expression 
showed a high incidence of distant metastasis 
(P = 0.004) (Figure 3J). Our data suggested 
that SOX12 expression was an independent 
poor prognostic indicator for DMFS, particularly 
in ICLNM. 

Discussion

Accumulating evidence indicates that SOX12 is 
associated with tumor progression in multiple 
types of malignancy, including renal cell carci-
noma, lung cancer, gastric cancer, and hepato-
cellular carcinoma [20, 29-32]. Our results 
showed that SOX12 expression increased grad-
ually, from normal, DCIS, ICW, to ICLNM, exhib-
iting a typical pattern of breast cancer progres-
sion [33]. Moreover, SOX12 expression gradu-
ally increased with tumor staging. Therefore, 
SOX12 is related to tumor progression and 
plays an active role in breast cancer develop- 
ment. 

Previous research has shown that SOX12 is 
related to poor prognosis in hepatocellular car-
cinoma, gastric cancer, and colorectal cancer 
[19, 20, 29]. The present study is the first to 
indicate that SOX12 expression is associated 
with poor postoperative prognosis in breast 
cancer, as demonstrated by OS and DMFS. We 
also found that SOX12 expression was an inde-
pendent indicator for poor survival, together 
with ER, HER2 status, and lymph node metas-
tasis. Further subgroup analysis revealed that 
patients with positive SOX12 expression are 
more likely to develop distant metastasis in 
ICLNM than those with negative SOX12 expres-
sion. The ICLNM group showed the highest per-
centage of SOX12-positive staining by IHC. 
These results reveal the critical effect of SOX12 
on metastasis in breast cancer.

SOX12 was also related to poor prognosis in 
HER2-positive patients. HER-2 amplification is 
detected in about 25%-30% of patients with pri-
mary breast cancer [34, 35]. Overexpression of 
HER2 is related to more aggressive clinical 
behaviors and poor prognosis in breast cancer 
[36, 37]. Owing to the overexpression of IGF 
and its receptors, IGF signaling promotes cell 
proliferation and induces metastasis, and plays 

an essential role in the development of breast 
cancer [38]. The activation of IGF signaling 
induced by IGF1 led to the formation of the het-
erodimer IGF1R-HER2. With the existence of 
such a heterodimer, trastuzumab lost the abili-
ty to prevent cell growth in HER2-positive breast 
cancers, referred to as trastuzumab resistance 
[39]. A recent study reported that SOX12 could 
directly bind to the IGF1 promoter to promote 
its transcription in gastric cancer cells [20]. In 
our study, SOX12 was associated with HER2 
expression. Moreover, positive SOX12 expres-
sion was related to poor OS in HER2-positive 
patients. Thus, we hypothesized that trastu-
zumab resistance induced by the SOX12-IGF1 
regulatory axis could potentially lead to the 
poor prognosis in HER2-positive breast cancer. 
The intrinsic molecular mechanism requires 
further research. 

In the current study, the abnormal expression 
and tumor-promoting effects of SOX12 on 
breast cancer have been demonstrated, but 
the specific mechanisms mediating the elevat-
ed SOX12 expression in breast cancer remain 
unclear. We determined that SOX12 was corre-
lated with ER expression in DCIS and invasive 
carcinoma. Positive SOX12 expression was 
markedly related to reduced patient survival in 
luminal breast cancer. Mutations of PI3K/AKT 
signaling are the most common genetic chang-
es in ER-positive breast cancers as well as 
recurrent and metastatic cases [40]. These 
mutations often result in the activation of PI3K/
AKT signaling and resistance to endocrine 
treatment [41]. A recent study suggested that 
the cAMP response element-binding protein to 
be activated by PI3K/AKT signaling binds to the 
specific regions of the SOX12 promoter to 
transactivate its expression [20]. Deleting 
SOX12 in breast cancer cells MCF-7 and 
BT-474, which belong to luminal A and B sub-
types, respectively, significantly inhibited cell 
proliferation, migration, and invasion [22]. 
These findings suggest that SOX12 overexpres-
sion is critical in promoting progression and 
reducing survival in breast cancer, particularly 
in the ER-positive group. Our results suggest 
that SOX12 expression can potentially distin-
guish ER-positive patients who benefit from 
more aggressive treatment strategies, and oth-
ers with less intervention may be needed.

SOX12 expression was not related to progno- 
sis in TNBC cases. Notably, SOX12 deletion 
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induced by shRNA in stable cells showed that 
the proliferation of breast cancer cells with mul-
tiple intrinsic subtypes depend on SOX12, 
including TNBC [22, 42]. The current study 
might merely be inadequate to determine the 
influence of SOX12 in TNBC because of the lim-
ited number of TNBC patients in our study. 
TNBC may be less dependent on SOX12 owing 
to other steady molecular mechanisms of sur-
vival and metastasis. Further research may be 
necessary to determine SOX12 as a prognostic 
indicator in TNBC. Other related regulatory fac-
tors affecting survival and prognosis should 
also be explored.

The molecular mechanisms by which SOX12 
exerts its effect on cancer progression and 
prognosis are not fully defined. SOX12 deletion 
resulted in mediated alteration of genes and 
proteins involved in EMT (Twist1 and E- 
cadherin), apoptosis (Bax and Bcl-2), invasion 
(MMP9), and cell proliferation (Cyclin E and 
PCNA) in lung cancer cells [31]. A recent study 
suggested that SOX12 induced by forkhead box 
Q1 (FoxQ1) promoted migration and invasion by 
regulating FGFBP1 and Twist1 expression in 
hepatocellular carcinoma [29]. SOX12 func-
tions as an oncogene to regulate Wnt/β-catenin 
signaling to promote the growth of multiple 
myeloma cells [43]. Dequet et al. found that 
SOX12 positively regulated endogenous WNT-
TCF signaling to repress pulmonary metasta-
ses in colorectal cancer cells and SOX12 knock-
down increased metastatic growth [44]. The 
specific role of SOX12 in the progression and 
metastasis in various types of cancer requires 
further study. 

The current study has certain limitations. First, 
the number of patients with breast cancer in 
some subgroups was limited, which could 
affect the accuracy and authenticity of our 
results. Second, the pathologic determination 
of SOX12 expression in breast cancer patients 
by using IRS in IHC should be further examined 
in a large-scale cohort study, and a more suit-
able number of DCIS cases should be included. 
Third, patients with stage IV breast cancer were 
not covered in the present cohort. Finally, the 
high expression levels of SOX4 and SOX11, the 
other two members of the SOXC group, corre-
late with poor prognosis in patients with breast 
cancer [15, 17]. However, we did not eliminate 
the interference of SOX4 and SOX11 in the 
present study, and thus we cannot exclude the 

influence of SOX4 and SOX11 on breast cancer. 
We will include SOX4, SOX11, and SOX12 in our 
following study to determine the prognostic val-
ues of the individual and combined expression 
of these three molecules in breast cancer.

In summary, SOX12 is markedly elevated in 
breast cancer and correlated with cancer pro-
gression. Notably, our findings prove that 
SOX12 expression is an independent prognos-
tic indicator in breast cancer. Examining the 
molecular mechanism of SOX12 in breast can-
cer progression can elucidate the pathophysio-
logical effect of SOX12. We speculate that 
SOX12 can potentially be used to prevent pro-
gression and metastasis in breast carcinoma 
and other SOX12-overexpressing malignant 
tumors.
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