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Abstract

Purpose Oxidative stress-responsive kinase 1 (OSR1) plays a crucial role in regulating diverse cellular pathophysiologic
functions, including ion homeostasis, development, differentiation, angiogenesis, invasive migration, and metastasis. Regard-
less, the clinical significance of OSR1 in breast cancer is scarce. The current study was conducted to evaluate the effect of
OSR1 on the prognosis of patients with breast cancer with a long-term follow-up.

Methods OSRI1 expression in formalin-fixed and paraffin-embedded tissue specimens was analyzed. These specimens were
collected from 551 evaluable breast cancer cases by immunohistochemistry (IHC). OSR1 expression was dichotomized based
on the H-score in IHC. The effects of OSR1 levels on the clinicopathological attributes and survival prediction in patients
with breast cancer were explored.

Results Among 551 specimens, 183 (33.2%) exhibited high expression of OSR1 in tumor cells. High OSR1 levels were
markedly correlated with histologic grade (P=0.035), ER (P < 0.001) and PgR (P =0.043) expression, lymph node involve-
ment (P <0.001), TNM stage (P <0.001), and axillary surgery procedures (P = 0.003). Univariate analysis results indicate
that patients with high OSR1 expression had significantly poor overall survival (P < 0.001), distant disease-free survival
(P<0.001), and breast cancer-specific survival (P < 0.001). Multivariable Cox regression analyses suggest that OSR1 expres-
sion was an independent predictive marker of poor prognosis and lymph node metastasis (HR 3.224, 95% CI 1.182-8.702,
P=0.023) in patients with breast cancer.

Conclusions Our findings indicate that OSR1 is a significantly independent prognosis index for patients with breast cancer
with respect to distant disease-free survival, overall survival, and breast cancer-specific survival. High OSR1 expression
caused an increase in deaths specifically attributed to breast cancer and was related to increased lymph node metastasis.
However, the precise cellular mechanisms for OSR1 in breast cancer require further research.
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Introduction

Progress in incipient detection, correct diagnosis, and thera-
peutic surveillance has led to improved results for aggressive
breast carcinoma; however, relapse and distant metastasis
still occur in roughly 20% of patients with breast cancer
[1-3]. Determination of biomarkers markedly related to
tumor advancement and latent clinical effects remains as
one of the primary targets of breast cancer study.
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Oxidative stress-responsive kinase 1 (OSR1), a ser-
ine—threonine protein kinase encoded by the OXSRI gene
in humans, belongs to the STE20/germinal center kinase
subfamily [4]. OSR1 protein is responsible for the regulation
of ion homeostasis and downstream signaling in response
to environmental stress [5]. OSR1 that binds to and phos-
phorylates p21-activated protein kinase PAK1, which col-
laborates with chloride channel Na*-K*-2CI* cotransporter
isoform 1 (NKCC1) by interacting with the R/K-F-X-V/1
motif, may be forming sensor-signaling elements that launch
the cellular reaction to environmental stressors [6]. Increas-
ing evidence has suggested that OSR1 is a fundamental
transcription intermediary involved in biological events,
including embryonic development, autophagy, cellular dif-
ferentiation, and angiogenesis [7-9]. Results from pertinent
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research have also reported that OSR1 may be potentially
implicated in the aggravation of diverse malignant tumors
[10-14]. OSR1 promotes angiogenesis by interacting with
lysine-deficient protein kinase 1 (WNK1) in virtue of regu-
latorily conserved regions in the C-terminal of cervical car-
cinoma [15]. NKCCI activity is decreased in response to the
knockout of upstream kinases of WNK1 and OSR1 in glio-
blastoma multiforme cells, and the WNK1/OSR1/NKCC1
signal transduction path plays a vital role in improving can-
cer cell migration [16]. A retrospective study including 54
hematuria specimens from patients with urothelial malignant
tumors indicated that OSR1 was an independent and sensi-
tive biomarker for the detection and prediction of urothelial
malignant tumors [17]. The considerable roles of OSR1 in
initiating and accelerating a malignant tumor manifested in
in vivo and in vitro studies render OSR1 potentially useful
for cancer screening, systemic therapy selection, and sur-
vival prediction. However, despite such potential, the role
of OSR1 in breast cancer thus far remains unclear.

The present study was conducted to evaluate the expres-
sion of OSRI1 protein levels in formalin-fixed, paraffin-
embedded specimens of breast cancer. We estimated the cor-
relation between OSR1 expression and clinicopathological
characteristics and survival events on the basis of cohorts
with large-scale characterized populations.

Materials and methods
Patient population and clinical information

The retrospective study included 551 pathologically con-
firmed patients with primary breast cancer who underwent
surgical resection in Shanghai General Hospital, Shanghai
Jiao Tong University School of Medicine from January 2003
to December 2007. The available primary tumor samples
with clinicopathologic data and follow-up information were
retrospectively analyzed. The original patient follow-up sur-
vey was obtained from the Registry Center of the Depart-
ment of General Surgery at Shanghai General Hospital and
the outpatient doctor of the patients.

We retrieved information on patients from their clinical
history and pathology reports, including surgical strategies
for initial tumor and axillary lymph nodes, systemic adju-
vant treatment, clinical data, and histopathological param-
eters. Patients were staged in accordance with the American
Joint Committee on Cancer (AJCC) for breast cancer stag-
ing, eighth edition [18, 19]. Hematoxylin and eosin staining
and immunohistochemistry (IHC) were performed to verify
the presence of isolated tumor cells, micrometastasis, and
macrometastasis, as well as to update the N classification in
our cohort. The estrogen receptor (ER) and the progesterone
receptor (PgR) were regarded as positive cases by a cut-off
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with more than 10% of tissue staining positive. IHC was
performed to determine HER2 expression levels, which was
regarded as positive when stained 3 + or negative for 1 +
and 0. Tumors with 2 + moderate staining was classified
as HER2-positive only if positive results were obtained in
alternative fluorescence in situ hybridization (FISH). Ki67
levels were considered high with a cut-off of > 14% positive
staining.

Tissue specimens and histopathological information were
retrieved in accordance with the regulatory framework of
information security laws concerning specific moral stand-
ards and patient privacy. The research protocol was reviewed
and authorized by the Ethics Committee of the Shanghai
General Hospital, Shanghai Jiao Tong University School of
Medicine. Written informed consent for voluntary partici-
pation was obtained from each patient during the first inter-
view. No animal experiments were conducted in this study.

OSR1 protein expression

Antigen retrieval in 4 pm paraffin-cut whole-tissue sections
was conducted using the heat-induced recovery method by
using Cell Conditioning Solution (Ventana Medical Sys-
tems, Tucson, USA). Antigen preservation was also verified
before OSR1 analysis by immunohistochemistry with posi-
tive internal anatomic controls. This procedure prevented
the proteolytic degradation of the samples because formalin-
fixed tissues within paraffin blocks are known to maintain
intact protein structures for more than 20 years, unlike old
slides in which proteolytic degradation may occur after
several years. The primary rabbit-anti-human polyclonal
OSRI1 antibody (1:100 dilution, Abcam, Cambridge, UK)
was applied for immunohistochemistry. Immunostaining was
automatically completed using the BenchMark XT immu-
nostainer (Ventana Medical Systems, Tucson, USA) and
detected with the ultraView Universal DAB Detection Kit
(Ventana Medical Systems, Tucson, USA) as instructed by
the manufacturer. Counterstaining was conducted using the
hematoxylin solution for 5 min.

OSRI1 expression was semi-quantitatively evaluated
based on the improved histochemical scoring (H-score),
which consists of an estimate of the staining intensities and
percentages of positive cells [20]. The score for staining
intensity was assigned as follows: 0, no staining; 1, weak
staining; 2, moderate staining; and 3, strong staining. The
percentage of stained cells (0-100%) was calculated using
the relevant intensity score to obtain the percentage—inten-
sity score. OSR1 H-scores were determined by the sum-
mation of 4 percentage—intensity scores. Thus, the minimal
H-score was 0, whereas the maximum H-score was 300.
Several thresholds were used for evaluation as high OSR1
expression levels were examined. The threshold yielding
the maximum prognostic implication was determined as
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the optimal cut-off point. Receiver operating characteris-
tic curve was analyzed to calculate the candidate cut-off
scores for high OSR1 expression. Univariate analysis of the
data was conducted for overall survival by using the top 10
OSRI1 H-score cut-off points of 74 to 229 with high Youden
indexes. The highest seven cut-off points were selected by
univariate analysis in accordance with lower P values and
higher hazard ratio (HR) and then a multivariate analysis
for overall survival was performed (Table 1). The highest
HR and the lowest P value were achieved using the OSR1
H-score cut-off point of 127. Specimens with H-score > 127
were thus determined as having high OSR1 expression. Two
breast tumor pathologists performed the IHC H-scoring cal-
culation and excellent agreement was achieved for defin-
ing OSR1 high expression with the H-score > 127 (Cohen’s
kappa=0.85).

Follow-up

The median follow-up time was 10.3 years from the date of
surgery as treatment for primary breast cancer. The median
follow-up time for the subgroup of patients with low OSR1
expression was 10.3 years, whereas that for the subgroup of
patients high OSR1 expression was 9.6 years. The patients
were evaluated once every 3 months from the date of sur-
gery to the first three years; once every 6—12 months from
the fourth year to the fifth year after surgery; annually from
the sixth year after surgery. The evaluation mainly consisted
of a physical exam, blood testing including tumor mark-
ers, ultrasonography of breast and axillary lymph nodes,
and enhanced magnetic resonance imaging (MRI) of bilat-
eral breast. Whole-body bone isotope scanning and com-
puterized tomography (CT) of the chest were conducted as
needed. Breast cancer can recur; thus, patients were referred
to the Shanghai General Hospital for further clinical diag-
nosis and therapy.

Statistical analysis

Patients and histopathologic features distributed between
two groups were evaluated using the independent two-
sample ¢ test and Pearson’s chi-squared under specific con-
ditions. The groups were the high-OSR1-expression and
low-OSR1-expression groups. Distant disease-free survival
was analyzed from the date of the primary operation to the
date of the first distant metastasis of breast cancer, excluding
locoregional recurrence. Patients who were alive without
distant metastasis on the last follow-up visit or with the event
of death were censored. Overall survival was analyzed from
the date of the primary operation to the date of death due to
any condition. Patients who are still alive on the last follow-
up visit were censored. Breast cancer-specific survival was
analyzed from the date of the primary operation to the date
of death specifically caused by breast cancer. Patients who
were alive on the last follow-up visit or died from any other
cause were censored. Locoregional relapse-free survival was
analyzed from the date of the primary operation to the date
of relapse of ipsilateral breast tumor or first local lymph
node. Patients with no locoregional relapse on the last fol-
low-up visit or died were censored.

Life—table analysis was conducted using the
Kaplan—Meier estimator. Differences in survival between
groups were determined using the log-rank test. The Cox
proportional hazard regression model was used to evaluate
the effect of independent risk factors on survival. Variables
with P <0.1 in univariable survival analysis were subjected
to multiple stepwise regression analysis. Logistic regression
analysis was conducted to evaluate the independent vari-
ables that determine lymph node involvement. P <0.05 with
two sides was considered statistically significant. Statisti-
cal evaluation was performed using SPSS version 20 (IBM
SPSS software, Chicago, USA) and GraphPad Prism 8.0
(GraphPad Software, San Diego, USA).

Table 1 Univariate and

- ] Cut-off points
multivariate analysis for overall

Univariate analysis

Multivariate analysis

survival using different OSR1 (H-score) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI)
H-score cut-off points
74 <0.001 1.682 (1.309-2.161)
85 <0.001 1.854 (1.524-2.256)
100 <0.001 2.210 (1.875-2.609) <0.001 1.837 (1.379-2.447)
127 <0.001 2.286 (1.918-2.725) <0.001 1.881 (1.373-2.576)
148 <0.001 2.213 (1.875-2.611) 0.001 1.617 (1.230-2.126)
156 <0.001 2.349 (1.986-2.778) <0.001 1.693 (1.295-2.214)
170 <0.001 2.382 (2.005-2.831) <0.001 1.712 (1.307-2.242)
186 <0.001 2.410 (2.015-2.883) <0.001 1.711 (1.301-2.281)
204 <0.001 2.435 (2.021-2.934) <0.001 1.616 (1.206-2.165)
229 <0.001 1.970 (1.585-2.449)

In univariate analysis, bold represents the seven cut-off points with lower P values and higher hazard ratios
(HR); in multivariate analysis, bold represents the optimal cut-off point with lowest P value and highest HR
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Results

OSR1 protein expression and correlation
with clinicopathological characteristics

OSRI1 in breast cancer cells was almost completely
expressed relative to that in neighboring cells in the tissue
specimens. OSR1 expression was localized in the cytoplasm
of the breast cancer cells. Focal weak-to-moderate nuclear
immunoreactivity, together with cytoplasmic staining, was
observed in the tumor cells. Stain intensity was classified
into negative, weak, moderate, and strong (Fig. 1). OSR1
expression was dichotomized into high and low—that is,
characterizing 368 (66.8%) and 183 (33.2%) patients, respec-
tively—with an H-score of 127 as the cut-off point. The
median follow-up time in patients with low OSR1 expression
was longer than that in patients with high OSR1 expression
(10.3 vs. 9.6 years; P=0.037).

Correlations between OSRI1 protein levels and clinico-
pathologic parameters were assessed. Patients with the fol-
lowing characteristics showed high OSR1 levels: a high his-
tologic grade (P=0.035), negative ER (P <0.001) and PgR
(P=0.043) expression, lymph nodes involvement (P <0.001),
advanced TNM stage (P <0.001), and sentinel node biopsy
with axillary lymph node dissection (P =0.003) (Table 2). No
correlation was found between OSR1 expression level and
age at diagnosis, menopausal status, diameter, HER2 status,

Fig. 1 Representative photomicrographs of OSR1 immunohistochem-
ical staining in breast cancer tissues (200X). The immunostaining of
OSRI1 ranged from A negative (0), B weak (1), C moderate (2), and D
strong (3), scale bar, 100 pm
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molecular subtype, histological subtype, and postoperative
therapy (P> 0.05).

Association between OSR1 protein expression
and clinical outcome

Distant metastasis occurred in 57 (10.3%) patients during fol-
low-ups. These patients included 30 (8.2%) of the 368 cases
with low OSR1 expression and 27 (14.8%) of the 183 cases
with high OSR1 expression. The 10-year distant disease-free
survival was 82.7% in the low-OSR1-expression group and
73.9% in the high-OSR1-expression group (univariable Cox
regression HR 2.680, 95% CI 1.458-4.925; P < 0.001; Fig. 2a,
Table 3). When all eligible prognostic variables were subjected
to multivariable Cox regression analysis, high OSR1 expres-
sion was considered as an independent prognostic factor for
distant metastasis (HR 2.032, 95% CI 1.063-3.885; P=0.033)
coupled with ER expression, lymph node involvement, and
TNM stage (Table 3).

Within the follow-up period, 37 (6.7%) patients died—16
(4.3%) of the 368 cases from the low-OSR1-expression group
and 21 (11.5%) of the 183 cases from the high-OSR1-expres-
sion group. The 10-year overall survival was 94.7% in the
low-OSR1-expression group, and 86.0% in the high-OSR1-
expression group (univariable Cox regression HR 2.707, 95%
CI 1.572-4.674; P<0.001; Fig. 2b, Table 4). Cox proportional
hazards model multivariable analysis indicated that in addition
to lymph node involvement, high OSR1 expression was recog-
nized as an independent prognostic factor for overall survival
(HR 2.420, 95% CI 1.316-4.463; P=0.005).

Only 25 (66.7%) of the 37 deaths were confirmed to have
been specifically caused by breast cancer (8 deaths from the
low-OSR1-expression group and 17 death from the high-
OSR1-expression group). The 10-year breast cancer-specific
survival was 90.9% in the low-OSR1-expression group and
82.1% in the high-OSR1-expression group (univariable
Cox regression HR 3.791, 95% CI 1.926-7.250; P < 0.001;
Fig. 2c). Cox multivariable regression analysis identified
high OSR1 expression as an independent prognosis risk
factor for breast cancer-specific survival (HR 2.637, 95%
CI 1.754-9.355, P=0.001).

Local relapse was identified in 35 (6.4%) cases consisting
of 25 (6.8%) cases in the low-OSR1-expression group and
10 (5.5%) cases in the high-OSR1-expression group. The
10-year locoregional recurrence-free survival was 84.6%
in the low-OSR1-expression group and 81.7% in the high-
OSR1-expression group (log-rank P=0.803; Fig. 2d).

Correlation of OSR1 expression with lymph node
metastasis

We analyzed OSR1 expression and lymph node involve-
ment by using the chi-squared test. Patients with high
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Table 2 Comparison of baseline
characteristics between patients
with high and low OSRI1 protein
expression

39
Clinicopathological criteria ~ Expression of OSR1 X2 (P value)
High (n=183;33.2%) Low or no Total 551
(n=368;
66.8%)
Age at diagnosis (years)
<50 58 31.7%) 96 (26.1%) 154 (27.9%) 1.908 (0.167)

>50

Pathologic tumor size (cm)
<2.0
>2.0

Menopausal status
Premenopausal
Postmenopausal

Histological grade
Grade 1, 2
Grade 3

ER
Positive
Negative

PgR
Positive
Negative

HER2
Positive
Negative

Histologic subtype
Ductal
Lobular
Other

Lymph node involvement
NO
N1
N2
N3

TNM
1
II
11T
v

Ki67
<14%
>14%

Breast surgery
Mastectomy
BCS

Axillary surgery
SNB
SNB and ALND

Adjuvant chemotherapy
Yes
No
NA

125 (68.3%)

81 (44.3%)
102 (55.7%)

62 (33.9%)
121 (66.1%)

53 (29.0%)
130 (71.0%)

84 (45.9%)
99 (54.1%)

100 (54.6%)
83 (45.4%)

96 (52.5%)
87 (47.5%)

164 (89.5%)
8 (4.4%)
11 (6.1%)

95 (51.9%)
39 (21.3%)
19 (10.4%)
30 (16.4%)

32 (17.5%)
75 (40.9%)
55 (30.1%)
21 (11.5%)

62 (33.9%)
121 (66.1%)

139 (76.0%)
44 (24.0%)

19 (10.4%)
164 (89.6%)

157 (85.8%)
25 (13.7%)
1 (0.5%)

272 (73.9%)

146 (39.7%)
222 (60.3%)

107 (29.1%)
261 (70.9%)

140 (38.0%)
228 (62.0%)

278 (75.5%)
90 (24.5%)

234 (63.6%)
134 (36.4%)

214 (58.2%)
154 (41.8%)

337 (91.7%)
16 (4.3%)
15 (4.0%)

243 (66.0%)
66 (17.9%)
37 (10.1%)
22 (6.0%)

134 (36.4%)
158 (42.9%)
60 (16.3%)
16 (4.4%)

108 (29.3%)
260 (70.7%)

256 (69.6%)
112 (30.4%)

76 (20.7%)
292 (79.3%)

323 (87.8%)
43 (11.7%)
2 (0.5%)

397 (72.1%)

227 (41.2%)
324 (58.8%)

169 (30.7%)
382 (69.3%)

193 (35.0%)
358 (65.0%)

362 (65.7%)
189 (34.3%)

334 (60.6%)
217 (39.4%)

310 (56.3%)
241 (43.7%)

501 (90.9%)
24 (4.4%)
26 (4.7%)

338 (61.3%)
105 (19.1%)
56 (10.2%)
52 (9.4%)

166 (30.1%)
233 (42.3%)
115 (20.9%)
37 (6.7%)

170 (30.9%)
381 (69.1%)

395 (71.7%)
156 (28.3%)

95 (17.2%)
456 (82.8%)

480 (87.1%)
68 (12.4%)
3(0.5%)

1.062 (0.303)

1.326 (0.249)

4.429 (0.035)

47.651 (< 0.001)

4.904 (0.043)

1.610 (0.205)

1.021 (0.600)

18.765 (< 0.001)

33.358 (< 0.001)

1.177 (0.278)

2.460 (0.117)

9.034 (0.003)

0.442 (0.802)
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Table2 (continued) Clinicopathological criteria

Expression of OSR1

X2 (P value)

High (n=183;33.2%) Low or no Total 551
(n=368;
66.8%)
Adjuvant radiation
Yes 40 (21.9%) 66 (17.9%) 106 (19.2%) 1.500 (0.472)
No 142 (77.6%) 301 (81.8%) 443 (80.4%)
NA 1(0.5%) 1(0.3%) 2 (0.4%)
Adjuvant endocrine therapy
Yes 122 (66.7%) 268 (72.8%) 390 (70.8%)  3.379 (0.185)
No 58 31.7%) 98 (26.6%) 156 (28.3%)
NA 3(1.6%) 2 (0.6%) 5(0.9%)

Bold represents the statistically significant P values

OSR1 oxidative stress-responsive 1, ER estrogen receptor, PgR progesterone receptor, HER2 human epi-
dermal growth factor receptor 2, BCS breast conserving surgery, SNB sentinel node biopsy, ALND axillary

lymph node dissection

Fig. 2 Distant disease-free sur-
vival (a), overall survival (b),

>

B

P =10.005 for log-rank test
P =0.035 for log-rank test

: . ~ 100 100
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Follow-up time (months)

OSRI1 expression showed higher incidence of lymph node
involvement than did patients with low OSR1 expres-
sion (48.1% vs. 34.0%; P=0.001). OSR1 expression and
stages N1-N3 were analyzed using the chi-squared test.
Patients with high OSR1 expression had lower incidence
of stages N1 and N2 than did patients with low OSR1
expression (44.3% vs. 52.8% for N1; 21.6% vs. 29.6% for
N2); however, no significant difference was determined
(P=0.223 for N1; P=0.191 for N2). Meanwhile, among
patients with high OSR1 expression, a significantly
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Follow-up time (months)

higher incidence of massive lymph node spread was
observed (> 10 positive lymph nodes, N3) (34.1% vs.
17.6%; P =0.006).

The outcomes of univariable and multivariable logisti-
cal regression analysis of variables for lymph node involve-
ment are listed in Table 5. The clinicopathologic charac-
teristics were statistically associated with lymph node
involvement in univariable analysis: higher histological
grade (P=0.019), negative ER (P=0.037), and high OSR1
expression (P=0.001). Multivariable regression analysis
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Table 3 Univariable and multivariable survival analyses for distant disease-free survival
Variables Category Univariate analysis Multivariate analysis

Hazard ratio  95% CI P Hazard ratio  95% CI P
Age (years) <50 vs.>50 1.432 0.725-2.748 0.384
Tumor size (cm) <2vs.>2 2.837 1.574-5.414 0.004 1.826 0.9064.219  0.072
Menopausal status Pre vs. post 1.170 0.802-2.129 0.365
Histological grade Grade 1-2 vs. grade 3 3.257 2.247-4.320 <0.001 1.342 0.768-2.338  0.313
ER status Positive vs. negative 1.766 1.029-4.537 0.042 2.483 1.127-4.615  0.021
PgR status Positive vs. negative 2.294 0.823-3.635 0.239
HER?2 status Negative vs. positive 1.937 0.929-4.320 0.091
Lymph node involvement ~ Negative vs. positive 4.220 1.858-6.109  <0.001  2.740 1.486-5.717  0.002
TNM stage I+ vs. II+1V 1.754 1.056-2.871 0.034  1.681 1.026-2.743  0.040
Ki67 <14% vs. > 14% 1.063 0.593-1.921 0.844
OSR1 Low or no vs. high 2.680 1.458-4.925 <0.001  2.032 1.063-3.885  0.033
Breast surgery Mastectomy vs. BCS 0.551 0.210-1.402 0.215
Axillary surgery SNB vs. SNB and ALND  1.256 0.640-2.612 0.523
Chemotherapy Yes vs. no 0.857 0.234-0.776 0.001  1.205 0.520-2.708  0.757
Radiotherapy Yes vs. no 1.332 0.617-2.871 0.491
Endocrine therapy Yes vs. no 0.554 0.212-1.423 0.205

Bold represents the statistically significant P values

OSRI oxidative stress-responsive 1, ER estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor receptor 2, BCS

breast conserving surgery, SNB sentinel node biopsy, ALND axillary lymph node dissection

Table 4 Univariable and multivariable survival analyses for overall survival

Variables Category Univariate analysis Multivariate analysis
Hazard ratio  95% CI P Hazard ratio  95% CI P

Age (years) <50 vs.>50 1.673 0.922-3.060 0.091

Tumor size (cm) <2vs.>22 1.061 1.014-1.106 0.012  1.030 0.983-1.075 0.323
Menopausal status Pre vs. post 1.628 0.935-2.821 0.084

Histological grade Grade 1-2 vs. grade 3 2.833 1.417-5.643 0.003 1.244 0.973-1.590 0.089
ER status Positive vs. negative 1.491 0.894-2.526 0.166

PgR status Positive vs. negative 0.944 0.605-1.450 0.783

HER?2 status Negative vs. positive 1.007 0.991-1.019 0.687

Lymph node involvement ~ Negative vs. positive 3472 2.622-4.590 <0.001 3.486 2.6144.673  <0.001
TNM stage I+ vs. HI+1IV 1.145 0.883-1.514 0.328

Ki67 <14% vs.>14% 0.992 0.972-1.013 0.279

OSR1 Low or no vs. high 2.707 1.572-4.674  <0.001 2.420 1.316-4.463 0.005
Breast surgery Mastectomy vs. BCS 1.156 0.740-1.768 0.463

Axillary surgery SNB vs. SNB and ALND  2.120 0.931-4.476 0.062

Chemotherapy Yes vs. no 1.220 0.643-2.778 0.527

Radiotherapy Yes vs. no 0.954 0.636-1.544 0.634

Endocrine therapy Yes vs. no 3.121 2.080-5.226 <0.001 1.141 0.723-1.667 0.463

Bold represents the statistically significant P values

OSRI oxidative stress-responsive 1, ER estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor receptor 2, BCS
breast conserving surgery, SNB sentinel node biopsy, ALND axillary lymph node dissection

determined that high OSR1 expression was an independ-
ent risk factor for lymph node involvement (HR 3.224, 95%
CI 1.182-8.702, P=0.023). The aforementioned findings

suggest that high OSR1 expression is a risk factor to iden-
tify the high-risk population with potential lymph node
metastasis.
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Table 5 Univariable and multivariable analyses for lymph node metastasis

Variables Category Univariate analysis Multivariate analysis
Hazard Ratio 95% C1 P Hazard ratio 95% CI P

Age (years) <50 vs.>50 0.955 0.510-1.760 0.913

Tumor size (cm) <2vs.>2 1.226 0.641-2.352 0.445

Menopausal status Pre vs. post 1.993 0.597-6.481 0.260

Histological grade Grade 1-2 vs. grade 3 2.069 1.120-3.845 0.019 1.614 0.797-3.358 0.176
ER status Positive vs. negative 1.950 1.036-3.681 0.037 1.753 0.964-3.158 0.492
PgR status Positive vs. negative 1.651 0.615-4.354 0.314

HER?2 status Negative vs. positive 1.174 0.655-2.064 0.570

Ki67 <14% vs.>14% 1.843 0.835-4.191 0.140

OSR1 Low or no vs. high 4.620 2.126-10.007 0.001 3.224 1.182-8.702 0.023
Breast surgery Mastectomy vs. BCS 0.858 0.482-1.537 0.614

Axillary surgery SNB vs. SNB and ALND 1.532 0.845-2.760 0.158

Chemotherapy Yes vs. no 0.681 0.391-1.206 0.190

Radiotherapy Yes vs. no 1.435 0.389-1.220 0.208

Endocrine therapy Yes vs. no 0.832 0.515-1.314 0.415

Bold represents the statistically significant P values

OSR]I oxidative stress-responsive 1, ER estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor receptor 2, BCS
breast conserving surgery, SNB sentinel node biopsy, ALND axillary lymph node dissection

Correlation of OSR1 expression with the outcome
by AJCC stage classification

Patients were stratified using the AJCC staging system,
subgrouping patients into stages I-II and stages III-IV.
The correlation of OSR1 expression with the results for
the two subgroups was analyzed by Kaplan—Meier analysis
(Fig. 3). With regard to distant disease-free survival, 273
(93.4%) of the 292 cases with low OSRI1 levels and stages
I-II showed no distant metastasis at the 10-year follow-up;
meanwhile, 54 (50.7%) of the 107 cases with high OSR1
expression and stages I-II showed no distant metastasis
at the 10-year follow-up (P <0.001). Patients with low
OSRI1 expression and stages III-IV had a longer distant
disease-free survival than those with high OSR1 expres-
sion and stages I-1I (P=0.002) and were in a considerably

Fig. 3 Distant disease-free sur-
vival (a) and overall survival (b)
according to OSR1 expression
stratified by AJCC stage. I-II:
AJCC I-II stage, III-1V: AJCC
III-1V stage

80—
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Cumulative distant disease-free survival (%)

better condition than the cases with high OSR1 expres-
sion and stages III-IV (P =0.001). With regard to overall
survival, 283 (96.8%) of the 292 cases with low OSR1
expression and stages I-1I survived at 10-year follow-up;
meanwhile, 79 (74.0%) of the 107 cases with high OSR1
expression and stages I-II survived at 10-year follow-
up (P <0.001). Patients with low OSR1 expression and
stages III-IV had a considerably higher overall survival
than patients with high OSR1 expression and stages III-IV
(P=0.001). However, no significant difference was deter-
mined between patients with low OSR1 expression and
stages III-IV and those with high OSR1 expression and
stages I-1I (P =0.060). Taken together, the above findings
suggest that the combination of high OSR1 expression and
lymph node metastasis status serves as predictive biomark-
ers to classify patients into two groups with highly distinct
prognostic features.
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Discussion

In the present study, we demonstrated that high OSR1
expression was highly correlated with tumor aggressive-
ness, namely, high histological grade, negative ER and
PgR expression, lymph node involvement, and advanced
TNM stage, indicating that breast cancer cells with high
OSRI1 expression exhibit more aggressive characteristics.
OSR1 expression exhibited no correlation with age, tumor
size, menstrual status, HER?2 status, molecular subtype,
histological subtype, Ki67, and postoperative therapy.

Our results showed that OSR1 overexpression is an inde-
pendent prognostic biomarker for distant relapse in patients
with breast cancer. The function is consistent with the
mainly selected terminal point of survival, for instance, dis-
tant disease-free survival, overall survival, or breast cancer-
specific survival. However, OSR1 expression did not exhibit
the prediction for local relapse. OSR1 overexpression was
correlated with poor prognosis in univariate analysis and
multivariate regression analysis. No matter whether systemic
adjuvant treatments performed were contained in the multi-
variate regression analysis or not. Patients with low OSR1
expression had higher 10-year distant disease-free and breast
cancer-specific survival rates. These findings were consistent
with previous research. Among patients with glioblastoma
multiforme in tissue-microarray assays analysis, all biopsy
specimens from patients with distant metastasis were stained
highly for OSR1 [16]. Notably, the present study is the first
to identify OSR1 as an independent predictor for the survival
of patients with breast cancer.

The prognostic markers ER, PgR, and HER2 were not
highly prognostic in this cohort, which may be attributed to
several factors. First, the number of cases is limited in the
present study. Second, one-third of breast cancers change
their hormone receptor status, and 15% of patients experi-
ence a change in HER?2 status during tumor progression and
adjuvant treatments [21, 22]. Linda et al. revealed that the
proportion of patients losing ER, PgR, and HER?2 was high-
est in the groups treated with hormonal therapy alone and in
hormonal therapy combined with chemotherapy [23]. Loss
of hormone receptors and HER2 implies resistance to endo-
crine therapy and trastuzumab, respectively. Thus, hormonal
therapy and/or chemotherapy affect the status of hormone
receptor and HER?2, which may reduce the prognostic val-
ues of ER, PgR, and HER2 detected in the primary breast
cancer specimens. Third, Engstrgm et al. showed that they
found a poorer prognosis for HER2 + and triple-negative
subtypes the first five years after diagnosis and for those
who survived five years, the prognosis did not differ among
the subtypes [24]. The time from diagnosis may be crucial
for the prognostic value of hormonal receptors and HER2
throughout the follow-up period.

Notably, high OSR1 expression in breast cancer could
act as an independent risk factor for predicting potential
lymph node involvement. The results also suggested that
high OSR1 expression was significantly correlated with the
increased extent of lymph node metastasis (N3). From the
perspective of molecular mechanisms, OSR1 interacts with
and activates cation chloride cotransporters to maintain
fluid/ion homeostasis during osmotic and oxidative stress
and has been indicated in the regulation of cancer cell chem-
oresistance [15]. OSR1 partly mediates cytoskeleton rear-
rangement and facilitates cancer cell migration [25]. Some
patients who were misdiagnosed for various reasons showed
preoperative axillary lymph node involvement in breast
cancer [26]. Consequently, quantitative analysis of OSR1
expression by histopathologic biopsy examination and com-
prehensively preoperative evaluation to exclude lymph node
involvement could help perform mini-invasive treatment in
the earlier period of breast cancer. Notably, giant cell tumor
(GCT) patients with distant metastasis exhibited distinctly
high OSR1 expression in the serum, as detected using the
hydrogel nanoparticle method; high OSR1 expression in the
serum of GCT patients was associated with the increased
probability of pulmonary metastasis in Kaplan—Meier analy-
sis [27]. High OSR1 expression might suggest aggressive
biology of cancer, indicating that in addition to metastatic
axilla lymph nodes, micro-metastases might have been
seeded to other sites of the body. Such micro-metastases
may develop as definite metastases after a different incuba-
tion period in a suitable environment. If the supposition is
verified, patients with high OSR1 expression may benefit
more from adjuvant systemic treatment as well as radical
axillary lymphadenectomy.

Another important finding suggested that OSR1 expres-
sion levels were classified based on the AJCC staging system
(stages I-II vs. stages III-1V) into two subgroups to observe
patients with different prognosis in the identical AJCC stag-
ing subgroup. In the present study, we found that high OSR1
expression markedly worsened the prognosis of patients in
the same AJCC stage. Stages III-IV patients and patients
with low OSRI1 expression achieved better outcomes than
those of stages I-II patients with high OSR1 expression
in both overall survival and distant disease-free survival.
Therefore, the results of the present study indicate that OSR1
expression appears to exceed the strength of AJCC stage in
determining patients’ outcome, and that tumor biological
features such as OSR1 expression may represent an even
robust determinant of survival than the traditional tumor
stage. High OSR1 expression could ease the identification
of high-risk populations and help develop an individualized
treatment. One recommended adaptation for systemic adju-
vant therapy is that the risk of relapse exceeds more than
10% during the 10-year follow-up period [28, 29]. In the
current study, 17 (9.3%) of the 183 cases with high OSR1
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expression died particularly from breast cancer; in addition,
distant metastasis was reported in 27 (14.8%) cases, accu-
mulating to more than 20% risk of relapse during a median
9.6 years. The data obtained demonstrate that high OSR1
expression may function as a determinant to individualize
systemic treatment for patients with postoperative breast
cancer. Future studies with a large sample size are warranted
to allow us to validate the prognostic and predictive role of
OSRI1 in breast cancer patients.

Positive ion—chloride cotransporters relate to high-speed
cell volume regulation and maintaining homeostasis in the
intracellular environment [30]. The results of the coordi-
nation of cytoskeletal reorganization and changes in cell
volume explain the stretching and constriction of the pseu-
dopods during cell migration [31]. OSR1 is involved in the
functional accommodation of transporters by phosphorylat-
ing specific serine—threonine sites [32]. The protein kinase
PAKI is activated by OSR1 phosphorylation [33]. Actin
protein is then phosphorylated by PAK1 kinase, leading to
the decomposition of stress fibers and the redistribution of
tubulin proteins [34]. PAK1 activation by OSR1 phosphoryl-
ation renders PAK1 insensitive to small G protein activation.
Thus, OSR1 slows actin protein proteolysis in response to
pressure in the microenvironment [33]. Moreover, NKCC1
could be activated by OSR1 to regulate cell size and shape
by excreting intracellular potassium and chloride ions as
well as osmotically endocellular fluid. Such activation is
important for glioma cells to migrate via the narrow extra-
cellular space [16]. On the basis of these findings, OSR1 can
be regarded as a potential target for therapeutic strategies,
apart from its prognostic significance. Tumor necrosis fac-
tors (TNFs) are involved in tumor cell death, proliferation,
migration, apoptosis, inflammation, and stress response [35].
Cusick et al. also concluded that OSR1 is responsible for the
interaction and phosphorylation of the complex of the TNF
receptor expressed in lymphoid tissues (RELT), RELL1,
and RELL?2 [36]. Thus, phosphorylation of the activation of
OSRI1 has a high probability of negatively influencing prog-
nosis by activating the nuclear factor-xB signal pathway pos-
sibly by adjusting a complex of RELL1, RELL2, and RELT
[10]. The OSR1 gene and protein levels were increased in
osteosarcoma specimens; in addition, OSR1 silencing inhib-
ited the growth and suppressed the invasive ability of osteo-
sarcoma cells. OSR1 knockdown also led to the inhibition of
Smad?2/3 phosphorylation, indicating that OSR1 suppression
exerted an antagonistic effect on the neoplasm formation of
TGF-f signaling in osteogenic sarcoma. This finding sug-
gested that OSR1 can aggravate oncogenesis and tumor pro-
gression by activating the TGF-3 pathway [37]. Rauch et al.
found that the CpG islands associated with the OSR1 gene
were methylated in both adenocarcinomas and squamous
cell carcinomas at a frequency exceeding 95% [11]. How-
ever, Stransky et al. indicated that the CpG islands within
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the OSR1 promoters exhibited no DNA methylation in either
bladder tumor cells or tumor samples [38]. These contradic-
tory findings implied that OSR1 can potentially exert dif-
ferent effects on tumor progression in different tumor types.
High OSR1 expression resulting in more aggressive charac-
teristics in breast cancer is involved in complex molecular
pathways, which requires further research.

The present study has several limitations and deficien-
cies related to the results. First, this study is its retrospec-
tive nature. Despite the relatively large sample content, the
prognosis of the study population is significantly favora-
ble. The low number of terminal events of survival analy-
sis might restrict the reliability of the statistical results to
a certain extent. Moreover, the heterogeneity of adjuvant
chemotherapy regimens should also be acknowledged as
a limiting factor for this study although most were anthra-
cyclines followed by a taxane. Second, the reliability and
accuracy of OSR1 immunohistochemical staining have
been a concern because of the absence of a standard stain-
ing protocol and an analytical method as well as diverse
antibodies. The commercially available rabbit-anti-human
OSR1 polyclonal antibody used in our study was validated
using the human small intestine myenteric plexus tissue
as a positive control. Using the same antibody, Zhu et al.
detected OSR1 expression in 205 glioblastoma multiforme
tissue-microarray samples and found a correlation between
OSRI1 high expression and shortened time to recurrence
[16]. Third, heterogenous OSR1 expression was found in
several sections of breast cancer tissue samples. OSR1
positivity was observed in the cytoplasm of breast cancer
cells. Although occasional cases exhibited nuclear stain-
ing, the number was insufficient for reliable statistical
analysis and the expression was weak to moderate and
observed simultaneously with cytoplasmic staining.

To conclude, the aforementioned finding that high
OSRI1 expression in breast cancer tissue samples corre-
lates to a positive lymph node status and more aggres-
sive tumors suggests that activation of the OSR1 signaling
pathway may help these tumor cells respond to stress in
the microenvironment, thus migrating and rapidly spread-
ing. Moreover, higher OSR1 expression was found to cor-
relate with worse outcome in patients with breast cancer,
indicating that OSR1 is an innovative prognostic indicator.
Regardless, large and well-defined studies are needed to
confirm the clinical and prognostic significance of OSR1
in patients with breast cancer. Further research to explore
the molecular pathways of OSRI1 in cancer cell progres-
sion is warranted.
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