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Abstract
Purpose  breast cancer is common and highly malignant, currently, STMN1 was found to be associated with several 
human malignancies. The purpose of this study is to investigate STMN1 expression in breast cancer and explore its 
role in disease progression and its interaction with neoadjuvant therapy efficacy.

Methods  we analyzed the tissue STMN1 mRNA expression in BC tissue samples from 105 patients received with 
neoadjuvant therapy using qPCR between 2019 and 2022.

Results  Statistical analysis showed that a high expression of STMN1 before neoadjuvant chemotherapy (NACT) 
was a trend positively related to non-pCR in the ITT (Intention to Treat) population, while in patients with paclitaxel 
or docetaxel regimens, before-NACT STMN1 expression was obviously higher in non-pCR (failure to achieve 
pathologically complete response) patients. Additionally, compared to pCR, high expression of STMN1 after NACT was 
obviously related to non-pCR. Interestingly, Kaplan-Meier analysis demonstrated that patients with mid-high STMN1 
expression before and post-NACT had a poorer PFS to compared to those with low expression.

Conclusions  STMN1 is the potential biomarker of NACT and prognosis for breast cancer.
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Introduction
Breast cancer poses the foremost threat to women’s 
health, exhibiting the highest incidence among female 
cancers and the second-highest mortality rate [1]. As 
the exploration of breast cancer treatment modalities 
progresses, neoadjuvant chemotherapy (NACT) has 
emerged as a standard clinical intervention, yielding sat-
isfactory results. In comparison to adjuvant chemother-
apy, NACT provides comparable overall survival (OS) 
and disease-free survival (DFS) rates, while also facili-
tating a reduction in the clinical stage of breast cancer, 
increasing breast conservation rates, and assessing drug 
sensitivity [2]. Hormone status, Her2 expression, Ki67 
levels, and breast cancer subtype are commonly associ-
ated with the clinical outcomes of NACT patients [3–5], 
Patients achieving pathological complete response (pCR) 
following neoadjuvant treatment are believed to expe-
rience enhanced survival benefits compared to those 
without pCR [6–8]. During the course of NACT, some 
patients may encounter disease progression, causing 
them from undergoing surgical intervention. Conse-
quently, with the recent advancements in precision medi-
cine, research into predictive and prognostic factors in 
breast cancer treatment has become an emerging area of 
focus [9–13].

STMN1 (Statmin 1), also known as oncoprotein 18, is a 
microtubule-unstable phosphorylated protein implicated 
in tumor metastasis [14]. The specific role of STMN1 
in the process of breast cancer recurrence after chemo-
therapy primarily pertains to its influence on microtu-
bule dynamics, cell cycle progression, and resistance 
to chemotherapeutic drugs [15]. In addition, STMN1 
affects cell proliferation, differentiation, and motility, 
and is related to blood vessel, immune, and microtubule-
targeted drug responses [14, 16, 17]. The high expression 
rate of STMN1 in breast cancer is relatively high, and its 
high expression levels may serve as a predictor of breast 
cancer. In addition, the high expression of STMN1 is not 
confined to breast cancer; it is also observed in various 
other malignant tumors, such as lung cancer, cervical 
cancer, ovarian cancer, and pheochromocytoma [18–21]. 
This suggests that STMN1 may play an important role 
in the development of multiple cancer types. In breast 
cancer, STMN1 has four serine phosphorylation sites: 
Ser16, Ser25, Ser38, and Ser63. The phosphorylation of 
Ser25 and Ser38 in STMN1 is necessary for cell migra-
tion maintenance and is associated with shorter distance-
free survival (DFS) [16, 22]. Research has established that 
phosphorylated STMN1 (p-STMN1) before NACT is 
related to the prognosis of breast cancer patients receiv-
ing NAC [22, 23], but there remains a paucity of research 
about mRNA STMN1 expression related to therapeutic 
outcomes in patients before and after receiving NACT.

This study aimed to investigate the prognostic role of 
STMN1 and its interaction with the efficacy of NACT 
and prognosis in breast cancer patients.

Methods
mRNA extraction and Quantitative Polymerase Chain 
Reaction (qPCR) with reverse transcription.

Total RNA was extracted from tumor tissue utiliz-
ing TRIzol® Reagent (Life Technologies, USA). RNA was 
then reverse-transcribed into cDNA using PrimeScript 
RT Master Mix (RR036A, Takara). Real-time quantita-
tive PCR was performed with TB Green Premix Ex Taq 
II (RR820A, Takara) following the manufacturer’s guide-
lines. Reactions were conducted in the LightCycler480 
system with gene-specific primers. To estimate assay effi-
ciency, standard dilution series were employed. mRNA 
was quantified relative to the housekeeping gene GAPDH 
using the 2^−ΔΔCt method.

Patients in roll
The study involved female patients diagnosed with stage 
II breast cancer who underwent NACT at Guangzhou 
Women and Children’s Medical Center from August 
2019 to November 2022. The inclusion criteria included 
women aged 18 years or older who provided informed 
consent, non-metastatic breast cancer patients with 
TNM stage II or higher, no prior chemotherapy, endo-
crine therapy, surgery, or radiotherapy, normal cardiac 
function, an ECOG score of ≤ 2, and adequate organ 
function. Exclusion criteria included patients with other 
malignancies diagnosed within the past five years or 
those considered unsuitable for chemotherapy. This ret-
rospective observational clinical study aimed primarily 
at assessing pathological complete response (pCR) post-
NACT, with secondary endpoints of progression-free 
survival (PFS) and overall survival (OS). Data collection 
encompassed confirmation of diagnosis, imaging studies, 
molecular typing, and evaluations of chemotherapy and 
surgical outcomes, with any discrepancies in case inclu-
sion resolved by the principal investigator.

Treatment protocol
The NACT regimen consisted of adriamycin or epiru-
bicin in conjunction with cyclophosphamide adminis-
tered every three weeks for four cycles, followed or not 
by paclitaxel every week or docetaxel every 3 weeks for 
four cycles, docetaxel combined with cyclophosphamide 
for four to six cycles, or docetaxel combined with carbo-
platin for six cycles. HER2-positive breast cancer patients 
received targeted therapy with trastuzumab, either alone 
or in combination with pertuzumab. Therapeutic efficacy 
was assessed using the Response Evaluation Criteria in 
Solid Tumors (RECIST). pCR was defined as the absence 
of residual invasive carcinoma or ductal carcinoma in 
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situ (DCIS) in the breast or lymph nodes, as confirmed 
by microscopic examination [24].

Statistical analysis
A completely randomized, balanced design was used for 
all experiments. All comparison groups exhibited similar 

variance. The Mann-Whitney U-test and Chi-square 
analysis were used to test the significance of differences 
in various molecular, cellular, and physiological param-
eters between the means or medians in treatment and 
control groups. A P value less than 0.05 was considered 
significant. Error bars in the experiments indicate stan-
dard deviation (SD) for a minimum of three independent 
experiments. A completely randomized, balanced design 
was employed for all experiments, ensuring similar vari-
ances across comparison groups. The significance of dif-
ferences in various molecular, cellular, and physiological 
parameters between treatment and control groups was 
assessed using the Wilcoxon matched-pairs signed rank 
test or the Mann-Whitney U-test. A P value of less than 
0.05 was deemed significant. Error bars in the experi-
ments represent standard deviation (SD) based on a min-
imum of three independent experiments.

Result
Patients in roll
In order to investigate the correlation between STMN1 
expression and the efficacy of NACT in breast cancer, we 
have conducted a prospective study involving patients 
with newly diagnosed who had not previously received 
NACT before. A total of 109 patients were recruited 
from the Thyroid and Breast Department at the Guang-
zhou Women and Children’s Medical Center in China 
between 2019 and 2022. This study was conducted in 
accordance with the principles of the Declaration of Hel-
sinki. Approval was granted by the Ethics Committee of 
the Guangzhou Women and Children’s Medical Center. 
Detailed clinical and pathological information for all 
patients is presented in Tables  1 and 2. The ages of the 
enrolled patients ranged from 34 to 66 years, with 62 
classified as premenopausal, 41 as postmenopausal, and 
2 whose menopausal status could not be determined due 
to oophorectomy. The median follow-up duration for 
this study, up to the cut-off date of May 1st, 2024, ranged 
from 16 to 63 months.

STMN1 before-NACT did not serve as a predictor for the 
effects of NAC in the ITT population
High STMN1 expression before treatment does not cor-
relate with a poor response to NACT. STMN1 expression 
levels were quantified using qpCR, revealing a median 
fold change of mRNA expression/GAPDH before treat-
ment being 0.014. Patients were classified as having a 
better response pathologic complete response (pCR) or 
a poor response (non-pCR) to NACT. Results showed a 
trend of higher STMN1 expression in poor responders 
compared to good responders (p = 0.12) in the ITT popu-
lation (Fig.  1A). The preoperative tumor grade, expres-
sion of ER, PR, HER2, and ki67 were determined by 
two physicians and we gained all tumor size and lymph 

Table 1  Patient characteristics stratified by STMN1 mRNA 
expression before treatment

Number of patients
(before treatment)

P 
value

Low 
STMN1

Medium 
STMN1

High 
STMN1

Age
  Age ≤ 45 17 13 17 0.57
  Age>45 18 22 18
Menopause
  Yes 15 13 13 0.91
  No 20 22 20
Pre-treatment
Subtypes
  LuminalA/B 16 25 13 0.04
  HER2+ 11 4 10
  TNBC 8 6 12
ER status
  Negative 19 12 25 0.008
  Postive 16 23 10
PR status
  Negative 33 31 31 0.77
  Postive 2 4 4
HER2 status
  Negative 12 14 17 0.51
  Positive 23 21 18
Ki67 Level
  Low(≤30%+) 8 6 3 0.30
  High(>30%+) 27 29 32
Tumor size
  T2 24 23 26 0.80
  T3 11 12 9
Lymphatic stage
  N0 6 8 7 0.95
  N1-3 29 27 28
Grade
  2 9 3 4 0.005
  3 4 16 13
Responder
  p(CR) 11 5 7 0.25
  Non-p(CR) 24 30 28
Progression events
  Yes 1 6 5 0.14
  No 34 29 30
Death events
  Yes 0 4 2 0.16
  No 35 31 33
Abbreviations: ER estrogen receptor, PR progesterone receptor, HER2 human 
epidermal growth receptor 2, Ki67 Level Low:≤30%
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nodes messages before treatment through MR or ultra-
sonography. Consistent with previous reports, STMN1 
was higher expression in ER-negative patients. Although 
pathological grade data were only available for a subset 
of patients, 33 were evaluated as high grade (3) and 16 
people were low grade (1–2). An analysis of the rela-
tionship between STMN1 expression and pathologi-
cal grade revealed a significant association, with higher 

pathological grades correlating with increased STMN1 
expression (p = 0.023) (Fig.  1B). In addition, our data 
also indicated that baseline STMN1 expression did not 
differ significantly based on tumor stage (T2 VS T3) or 
nodal status (N0 VS N1-3) (Fig.  1C-D). Furthermore, 
STMN1 expression was found a trend of higher in high 
Ki67 samples (p = 0.09) (Fig.  1E). Chi-square analysis 
revealed a greater proportion of STMN1 over-expression 

Table 2  Patient characteristics stratified by STMN1 mRNA expression after treatment
Number of patients
(After treatment)

P value

Low STMN1 Medium STMN1 High STMN1
Age
  Age ≤ 45 13 16 18 0.51
  Age>45 22 19 17
Menopause
  Yes 15 13 13 0.91
  No 20 20 22
After-treatment
Subtypes
  LuminalA/B 21 20 19 0.63
  HER2+ 8 5 5
  TNBC 6 10 11
ER status
  Negative 14 16 17 0.82
  Postive 21 19 18
PR status
  Negative 29 32 31 0.38
  Postive 6 2 4
HER2 status
  Negative 16 22 17 0.32
  Positive 19 13 18
Ki67 Level
  Low(≤30%+) 11 15 12 0.82
  High(>30%+) 13 17 19
Tumor size
  pyTis-0 13 6 7 0.11
  pyT1-3 21 29 28
Lymphatic stage
  pyN0 23 21 17 0.38
  pyN1-3 12 14 18
Grade
  2 8 7 8 0.35
  3 11 24 18
Responder
  p(CR) 13 5 5 0.04
  Non-p(CR) 22 30 30
Progression events
  Yes 0 6 6 0.02
  No 35 29 29
Death events
  Yes 0 3 3 0.24
  No 35 32 32
Abbreviations: ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth receptor 2, Ki67 Level Low:≤30%
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in ER-negative patients. However, the rank sum test indi-
cated that, due to the limited sample size and substantial 
variability, there was no statistically significant differ-
ence in STMN1 expression between ER-negative and ER-
positive patients (Fig.  1F). This association warrants 
further investigation with a larger cohort to yield more 
robust and conclusive results. Moreover, Kaplan-Meier 

analysis demonstrated that patients achieving pCR 
experienced longer PFS (p = 0.05) and exhibited a trend 
towards longer OS (p = 0.14) (Fig.  1G-H) compared to 
those with non-pCR, Interestingly, we divided STMN1 
into 3 parts according to high to low, namely low expres-
sion, medium expression and high expression, Kaplan-
Meier analysis demonstrated that patients with mid-high 

Fig. 1  Baseline STMN1 expression in the pCR and non-pCR groups in ITT population (A); High pathological grade and low pathological grade groups(B); 
T2 and T3 groups (C); N0 and N1-3 groups (D); Ki67 high and low groups (E); and ER + and ER- groups (F). The Kaplan–Meier curves for PFS (G) and OS (H) 
of patients in pCR and non-pCR groups; Kaplan–Meier curves for PFS (I) and OS (J) of patients in baseline STMN1 high-medium and low groups. Data are 
presented as means ± SEM. *, P < 0.05; **, P < 0.01; ***, P < 0.001 by Mann-Whitney U-test
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STMN1expression post-treatment had an obviously 
poorer PFS and OS to compared to those with low 
expression (p = 0.04,0.04) (Fig. 1I-J).

STMN1 before-NACT predicted the effect of NAC in 
patients with Paclitaxel or docetaxel regimens
STMN1 serves as a critical regulator of the cell cycle and 
mitosis. Existing research indicates that STMN1 may 
contribute to drug resistance by disrupting microtubule 
assembly, leading to cell cycle arrest at the G2/M phase. 
In our study, we focused on a subset of patients who were 
treated with paclitaxel or docetaxel. Out of 105 patients, 
80 received paclitaxel or docetaxel, with 16 of these 
patients achieving a pCR. Notably, within this subgroup, 
higher pre-treatment levels of STMN1 expression were 
associated with poorer outcomes in NACT (Fig.  2A). 
However, due to the limited sample size, we were 
unable to establish a definitive correlation between pre-
treatment STMN1 expression and PFS or OS (Fig.  2B-
C). These findings suggest that STMN1 may serve as a 
predictor of NACT outcomes in patients undergoing 
treatment with paclitaxel or docetaxel. Additionally, 
we examined another subset of patients who received a 
regimen combining adriamycin or epirubicin in conjunc-
tion with cyclophosphamide (n = 72 out of 105). Among 
these patients, 47 subsequently received paclitaxel or 
docetaxel, with 15 achieving pCR. Furthermore, we 
analyzed a group of 28 patients who were treated with 
platinum-based chemotherapy; all of these patients also 
received paclitaxel or docetaxel, and 7 achieved pCR. 
However, our analysis indicated that pre-treatment 
STMN1 expression did not predict the efficacy of NACT 
and pre-treatment STMN1 levels were not significantly 
associated with PFS or OS in either of these two cohorts 
(Fig. 2D-I).

High expression of STMN1 after treatment related to poor 
response to NAC in the ITT population
To further screen STMN1 expression post-treatment, 
qpCR was conducted on tumor tissue post-treatment. 
The median fold change of mRNA expression related to 
GAPDH post-treatment was 0.005. Firstly, the result sug-
gests that higher expression of STMN1 post-treatment 
significantly relates to poor response to NACT (Fig. 3A) 
in the ITT population. Subsequently, we examined the 
correlation between STMN1 expression and pathologi-
cal grade after treatment and discovered that a higher 
pathological grade did not correlate with increased 
STMN1 expression, likely due to chemotherapy changing 
the expression of STMN1 (Fig. 3B). And tumor size and 
lymph node status messages after treatment were evalu-
ated pathologically, different conclusions in some of the 
clinical data were drawn out, as higher STMN1 expres-
sion post-treatment was positively correlated with larger 

tumor size and more lymph nodes (Fig.  3C-D). How-
ever, the relationship between post-treatment STMN1 
expression and Ki67 level and pathological grade remains 
inconclusive (Fig.  3E). Notably, Kaplan-Meier analy-
sis indicated that patients with high STMN1 expression 
after treatment had a poorer PFS compared to those with 
low expression (p = 0.009) (Fig.  3F). Finally, high post-
treatment STMN1 showed a trend towards correlation 
with OS (p = 0.09) (Fig.  3G). The data above indicates 
that post-NACT STMN1 could be important indicators 
in predicting the efficacy of NACT and could potentially 
forecast clinical prognosis.

Separately, in the subgroup of patients treated with 
paclitaxel or docetaxel, an increase in STMN1 expres-
sion after NACT was associated with non-pCR (Fig 4 A). 
Moreover, this elevation in STMN1 expression was sig-
nificantly correlated with poorer PFS (Fig. 4B), and there 
was also a trend toward worse OS (Fig.  4C). A similar 
result was observed in the subgroup receiving a plati-
num-based regimen, which can be considered analogous 
to the paclitaxel or docetaxel subgroup. In these patients, 
a significant increase in STMN1 expression was noted 
among those with poor responses to NACT (Fig.  4D), 
although no clear associations were identified with PFS 
and OS (Fig.  4E-F). This increase may be attributed to 
the effects of paclitaxel/docetaxel or the platinum agents. 
Conversely, no similar findings were observed in the sub-
group treated with adriamycin or epirubicin in conjunc-
tion with cyclophosphamide. In this subgroup, STMN1 
expression did not significantly increase in patients with 
poor treatment responses (Fig.  4G). Interestingly, a sig-
nificant correlation was found between high STMN1 
expression and poor PFS (Fig.  4H), suggesting a poten-
tial role for STMN1 in chemotherapy resistance. Further 
investigation is warranted to determine whether STMN1 
contributes to the resistance observed with platinum and 
other chemotherapeutic agents.

Neoadjuvant therapy decreased the expression of STMN1
To investigate the potential regulatory effect of NACT on 
STMN1, a comparative analysis was performed between 
baseline and post-treatment. Paired t-tests revealed a sig-
nificant down-regulation of STMN1 by NACT. Respec-
tively, pCR and non-pCR patients were reduced to 
different degrees, and there was no significant difference 
between them (Fig. 5A). An effective decrease in STMN1 
was defined as a reduction of over 50% as the decrease 
group, while those with a reduction of less than 50% or 
an increase were categorized as the non-decrease group. 
Subsequent analysis revealed that patients with higher 
Ki67(p = 0.05)expression were associated with a decrease 
in STMN1 (Fig.  5B). Conversely, higher tumor grade, 
earlier stages, and reduced lymphatic metastasis did not 
correlate with a more pronounced decimation of STMN1 



Page 7 of 13Qian et al. BMC Cancer          (2025) 25:453 

Fig. 2  Baseline STMN1 expression in the pCR and non-pCR groups in patients with paclitaxel or docetaxel regimens (A); Kaplan–Meier curves for PFS (B) 
and OS (C) of patients in baseline STMN1 high-medium and low groups in patients with paclitaxel or docetaxel regimens. Baseline STMN1 expression in 
the pCR and non-pCR groups in patients with adriamycin or epirubicin in conjunction with cyclophosphamide regimens (D); Kaplan–Meier curves for 
PFS (E) and OS (F) of patients in baseline STMN1 high-medium and low groups in patients with adriamycin or epirubicin in conjunction with cyclophos-
phamide regimens. Baseline STMN1 expression in the pCR and non-pCR groups in patients with carboplatin regimens (G); Kaplan–Meier curves for PFS 
(H) and OS (I) of patients in baseline STMN1 high-medium and low groups in patients with carboplatin regimens. Data are presented as means ± SEM. *, 
P < 0.05; **, P < 0.01; ***, P < 0.001 by Mann-Whitney U-test

 



Page 8 of 13Qian et al. BMC Cancer          (2025) 25:453 

(Fig.  5C-E). Unfortunately, the data did not show a sig-
nificant difference in Kaplan-Meier analysis between the 
decrease group and the non-decrease group, indicating 
that patients with a significant reduction in STMN1 did 
not have improved PFS or OS (Fig. 5F-G).

High expression of STMN1 related to poor prognosis in 
Curtis database
In database analysis, to determine the relationship 
between STMN1 expression and clinical data includ-
ing clinical features and prognosis, we utilized medical 
records from the Curtis database. Our analysis revealed 
that STMN1 expression was significantly increased 
in the high-grade (3) subgroup compared to the low-
grade (1–2) subgroup. In addition, in patients with high 
STMN1 expression, it was found to be significantly cor-
related with tumor size and lymph node metastasis. The 
subgroups within the Curtis database were further cat-
egorized according to CLAUDIN_SUBTYPE, includ-
ing luminal A, luminal B, HER2+, and TNBC. Notably, 
increased STMN1 expression was particularly evi-
dent in TNBC (basal, normal, or claudin-low), in addi-
tion, STMN1 expression was higher in HER2-positive, 

ER-negative, and PR-negative patients (Fig.  6A-G). 
STMN1 levels were classified into 3 categories accord-
ing to high to low expression, namely low expres-
sion, medium expression, and high expression. The 
survival duration of patients with high/medium expres-
sion of STMN1 was significantly reduced, underscor-
ing the potential prognostic value of STMN1 expression 
(Fig. 6H).

Discussion
STMN1 has been recognized as a significant prognos-
tic marker across various cancer types. Previous studies 
have demonstrated that the expression of STMN1 and its 
phosphorylation site can serve as a predictor of prognosis 
in breast cancer patients undergoing NACT [23]. How-
ever, investigations on N-phosphorylated modified pro-
teins have revealed that the unique P-N bond structure 
of N-phosphorylated modification, its chemical stability 
is poor and easily lost under acidic conditions [25, 26]. 
Consequently, the use of phosphorylated antibodies in 
clinical detection is relatively infrequent. Instead, we uti-
lize mRNA detection method, which yields more stable 

Fig. 3  Post-treatment STMN1 expression in the pCR and non-pCR groups in ITT population (A); T0-1 and T2-3 groups (B); N0 and N1-3 groups (C); high 
pathological grade and low pathological grade groups(D); and Ki67 high and low groups (E). The Kaplan–Meier curves for PFS (F) and OS (G) of patients 
in post-treatment STMN1 high-medium and low groups. Data are presented as means ± SEM. *, P < 0.05; **, P < 0.01; ***, P < 0.001 by Mann-Whitney U-test
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Fig. 4  Post-treatment STMN1 expression in the pCR and non-pCR groups in patients with paclitaxel or docetaxel regimens (A); Kaplan–Meier curves for 
PFS (B) and OS (C) of patients in post-treatment STMN1 high-medium and low groups in patients with paclitaxel or docetaxel regimens. Post-treatment 
STMN1 expression in the pCR and non-pCR groups in patients with adriamycin or epirubicin in conjunction with cyclophosphamide regimens (D); Ka-
plan–Meier curves for PFS (E) and OS (F) of patients in post-treatment STMN1 high-medium and low groups in patients with adriamycin or epirubicin in 
conjunction with cyclophosphamide regimens. Post-treatment STMN1 expression in the pCR and non-pCR groups in patients with carboplatin regimens 
(G); Kaplan–Meier curves for PFS (H) and OS (I) of patients in post-treatment STMN1 high-medium and low groups in patients with carboplatin regimens. 
Data are presented as means ± SEM. *, P < 0.05; **, P < 0.01; ***, P < 0.001 by Mann-Whitney U-test
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results and facilitates a convenient and rapid experimen-
tal process.

Our study has indicated that the expression of STMN1 
prior to chemotherapy does not correlate with the effi-
cacy of NACT in the ITT population. Nevertheless, 
within chemotherapy regimens that include paclitaxel 
or docetaxel, elevated levels of STMN1 are significantly 
associated with non-pCR. This association may be attrib-
uted to the role of STMN1 in microtubule regulation. 
It should be noted that over-expression of STMN1 is 
also linked to activation of the PI3K signaling pathway. 
Reports indicate a negative correlation between STMN1 
and PTEN; this relationship may be mediated by MAPK 
signal transduction pathways [27]. Additionally, the 
interaction between STMN1 and HMGA1, a non-his-
tone protein, may influence STMN1 by phosphorylation, 
thereby promoting the metastasis of non-small cell lung 
cancer (NSCLC). Furthermore, STMN1 has been shown 

to enhance cell migration by activating the p38-MAPK/
STAT1 signaling pathway, leading to shorter DFS and 
OS in patients exhibiting high STMN1 expression within 
the general population, with statistically significant dif-
ferences observed [28]. Such mechanisms, which extend 
beyond microtubule regulation, may elucidate the rela-
tionship between STMN1 expression after NACT and 
the efficacy of the treatment, as well as its implications 
for clinical prognosis.

In conclusion, our findings demonstrate that chemo-
therapy agents significantly reduce STMN1 expression. 
And the mRNA STMN1 expression Assay serves as a 
highly effective tool to predict the response of NACT, 
facilitating the identification of patients with breast can-
cer who may benefit from NACT (with regimens con-
taining paclitaxel or docetaxel). Importantly, patients 
with elevated post-NACT levels of STMN1 exhibit 
poorer long-term prognosis with statistical significance. 

Fig. 5  STMN1 expression changes before and after treatment in ITT patients (A); STMN1 expression changes in Ki67 high and low groups (B); High patho-
logical grade and low pathological grade groups (C); T2 and T3 (D); N0 and N1-3 groups (E). The Kaplan–Meier curves for PFS (E) and OS (F) of patients in 
STMN1 decrease and non-decrease groups. Data are presented as means ± SEM. *, P < 0.05; **, P < 0.01; ***, P < 0.001 by Mann-Whitney U-test
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Fig. 6  The Curtis database STMN1 expression in high pathological grade and low pathological grade groups (A); in different tumor size groups (B); 
N0, N1-2 and N3 groups (C); Subtype of luminal A, luminal B, HER2 + and TNBC groups (D); ER- and ER + groups (E); PR- and PR + groups (F); HER2- and 
HER2 + groups (G). The Kaplan–Meier curves for OS (H) of patients in post-treatment STMN1 high, medium and low groups. Data are presented as 
means ± SEM. *, P < 0.05; **, P < 0.01; ***, P < 0.001, ****, P < 0.0001 by Mann-Whitney U-test
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Subsequent investigations will prioritize the validation 
of STMN1 as a therapeutic target and exploration of 
its involvement in tumor heterogeneity, aiming to offer 
more efficacious treatment alternatives for patients diag-
nosed with breast cancer.
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