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Tumor stress-induced phosphoprotein 1 as a prognostic
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Background: Recent studies suggested an important relationship between tumor stress-induced
phosphoprotein 1 (STIP1) and cancer. However, the expression of STIP1 in breast cancer tissues and its
relationship with clinical characteristics and survival have not been investigated in humans. The aim of our
work was to evaluate the association of STIP1 and the prognosis of breast cancer patients.

Methods: The included patients were followed-up by telephone and through a review of their outpatient
records. The expression of STIP1 was assessed by immunohistochemistry (IHC). The 5-year recurrence-free
survival (RFS) rate and the 5-year overall survival (OS) rate were the prognostic indicators evaluated by the
Kaplan-Meier method. Univariate and multivariate analyses employing a Cox regression model were used to
calculate hazard ratios (HRs).

Results: The rate of high expression of STIP1 was 55.3% (126/228) in breast cancer tissues and 14.9%
(34/228) in adjacent normal tissues (3’=81.495, P<0.001). High expression of STIP1 was associated with
tumor size, stage and human epidermal growth factor receptor 2 (HER-2) status. The 5-year RFS rate
was 75.4% in the STIPI high expression group and 87.3% in the STIPI low expression group (y’=5.721,
P=0.017). The 5-year OS rate was 84.1% in the STIPI high expression group and 94.1% in the STIP1
low expression group (y'=5.814, P=0.016). STIP1 was found to be an independent relapse predictor for the
adjusted HR is 1.983 (95% CI, 1.031-3.815).

Conclusions: High expression of STIP1 is associated with the poor prognosis of breast cancer patients and

HER-2 positive expression. STIP1 may therefore serve as a prognostic biomarker for breast cancer patients.
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Introduction histological subtype is invasive ductal carcinoma, which

Breast cancer is one of the common cancer in Chinese
females; cases in China are about 12.2% of all newly
diagnosed breast carcinoma and about 9.6% of all
deaths from breast cancer worldwide (1). Breast cancer
is a heterogeneous tumor, of which the most frequent

© Annals of Translational Medicine. All rights reserved.

accounts for 70% to 80% of all cases (2). Breast cancer
may be further divided into four subtypes, as follows: the
luminal A, luminal B, human epidermal growth factor receptor
2 (HER-2) over-expression and basal-like subtypes (3).

Tumor metastasis occurs in more than 25% of breast cancer
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patients. Clinicopathologic characteristics such as tumor
size, lymph node status, invasion of vessels, and hormone
receptor status play important roles in the prediction
of metastasis risk (4). New prognostic biomarkers for
metastasis risk or overall survival (OS) (for example,
protein, microRNA, IncRNA and epigenetic modifications)
have been continually investigated (5). Classical clinical
prognostic biomarkers such as estrogen receptor (ER),
progesterone receptor (PR) and HER-2 have played a role
in the identification of which patients are likely to benefit
from endocrine therapy or targeted therapy (6,7). However,
due to tumor heterogeneity, the current biomarkers that
predict prognosis have some limitations, and thus, the field
needs new biomarkers as prognostic indicators to effectively
distinguish less aggressive cancers from aggressive cancers.

Stress-induced phosphoprotein 1 (STIP1, STII,
gene ID 10963), also known as heat shock protein 70/90
organizing protein, is a 62.6-kDa protein that comprise
three tetratricopeptide repeat motifs and two nuclear
localization signals (8). STIP1 pays important role in
transcription, protein folding and translocation, cell
division, signal transduction, and viral replication (9,10).
Recent studies have suggested an important relationship
between STIP1 and cancer. For example, STIP1 is over-
expressed in a number of tumors, such as papillary thyroid
carcinoma (PTC), pancreatic cancer, ovarian cancer and
cholangiocellular carcinoma (11-14). Recent studies show
that high STIP1 expression correlates with the prognosis
of metastatic ovarian cancer and with a poor prognosis in
PTC, though the function of STIP1 is little known (11,15).

"To date, the expression of STIP1 in breast cancer tissues and
its relationship with clinical characteristics and survival have
not been investigated in humans. In this study, we investigate
the expression of STIP1 protein in breast cancer specimens
and adjacent normal tissues by immunohistochemistry (IHC)
and explore its prognostic significance.

Methods
Patients

We have collected clinical data from 588 breast cancer
patients, which were shown in our previous publication (16).
Our previous work suggested that obese patients with breast
cancer have poorer prognosis than normal weight one, and
that overweight patients with breast cancer have comparable
prognosis with normal weight one (16). In order to eliminate
the interference of obese on the aim of the study, we
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randomly selected 228 normal weight or overweight (BMI
18.5-28 kg/m’) cases in which the expression of STIP1 was
detected in breast cancer tissues and adjacent normal tissues
by IHC. The 5-year recurrence-free survival (RFS) and OS
rates according to high or low expression of STIP1 were
also evaluated. The detailed information is summarized
as follows: clinical operative specimens were gained from
Pathology Department of Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology
from January 2008 to December 2010. The local ethics
committee authorized us to use specimens for research (IRB
ID: TJ-C20151107). All patients filled in informed consent
that their tissues would be used to do research. We obtained
patients’ information through telephone and clinic medical
records in November 2015. The recruited patients met the
following criteria: (I) patients’ age was over 18 years; (II)
patients suffered from breast-conserving surgery (BCS) or
modified radical mastectomy (MRM), accomplished standard
adjuvant chemotherapy or neoadjuvant chemotherapy
and did not relapse or die before radiotherapy and (or)
chemotherapy at our hospital; (III) patients with clinical
stage of I to III; (IV) patients had done reexamination every
3 months in the first 2 years and every 6 months since the
third years after chemotherapy; (V) patients suffered from
annual whole body ultrasonic scan including breasts, axillary
fossa, abdomen, pelvis, and cervix, annual mammography
and annual chest X-ray scan (17).

Patient follow-up

The followed contents were as follows: whether death
or recurrence, the part and time of recurrence, and the
date and cause of death. Recurrent events referred to the
locoregional relapse (including chest wall, the ipsilateral
breast and axillary and supraclavicular nodes, the skin close
to the lesion and the surgical scar, and the internal mammary
gland) and/or distant metastasis, such as bones, liver, lung,
brain, and the contralateral breast. The 5-year RFS rate and
OS rate were evaluated in high expression STIP1 group and
low expression STIP1 group. The time of RFS was defined
as the interval between the date of first surgical treatment and
the date of the earliest recurrence within 5 years. The time
of OS was defined as the interval between the date of the first
surgical treatment and the date of death within 5 years.

IHC
The IHC was used to detect the expression of STIP1
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Figure 1 Human primary breast cancer tissues and adjacent normal tissues were immunostained by a polyclonal antibody against STIP1

protein. The immunohistochemical score was on the base of the staining intensity and the percentage of positive cells. Patients with score
of 0 to 4 were regarded as low expression of STIPI protein while with score of 5 to 7 were regarded as high expression of STIP1 protein.
(A) High expression of STIP1 protein in cancer tissues; (B) low expression of STIPI protein in cancer tissues; (C) high expression of STIP1

protein in cancer tissues (thick and long arrow), low expression in adjacent normal tissues (thin and short arrow). Original magnification of A,

B and C was x400. Scale bar represented 100 microns. STIP1, stress-induced phosphoprotein 1.

protein in clinical specimens through a polyclonal
antibody against STIP1 protein (ABclonal, Boston
State, USA). The protocol of IHC was according to a
previous publication (18). The immunohistochemical
score was assessed independently through a blinded
fashion which was on the base of the staining intensity
and the proportion of positive cells. The score was from
0 to 7. Patients with score of 0 to 4 were regarded as
low expression of STIP1 protein while with score of
5 to 7 were regarded as high expression of STIP1
protein (11).

Statistical analysis

The statistic difference of categorical variables was
evaluated by chi-square (i) test (the Fisher exact test was
performed when y’ test was inappropriate). The 5-year
RFS and OS curves and statistic difference were evaluated
through the Kaplan-Meier method and the log-rank test.
The hazard ratios (HRs) of STIP1 and other clinical
variables that may be associated with replace and death were
calculated by univariate and multivariate analyses employing
a Cox regression model. The statistical analyses and curves
were generated by SPSS software 22.0 (SPSS, Chicago, IL,
USA). A P value less than 0.05 (two-sided) was regarded as
having statistic difference.
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Results

Expression of STIP1 was bigher in breast cancer tissues
than in adjacent normal tissues

The rate of high expression of STIP1 was 55.3% (126/228)
in breast cancer tissues and 14.9% (34/228) in adjacent
normal tissues. This difference is statistically significant
(=81.495, P<0.001). Representative immunohistochemical
images were presented in Figure 1.

High expression of STIP1 was associated with tumor size,
stage and HER-2 status

Significant differences were observed in tumor size, stage
and HER-2 status, but no significant differences were
observed in age, onset of menopause, histology, lymph
node status, or ER and PR status between the high STIP1
expression group and the low STIP1 expression group
(1able 1). The rate of high expression of STIP1 was 62.1%
(72/116) in tumors larger than 2 cm and was 48.2% (54/112)
in tumors smaller than 2 cm (r’=4.424, P=0.035). The rate
of high expression of STIP1 was 64.2% (52/81) in the
stage IIT group and was 50.3% (74/147) in the stage I and
11 groups (x’=4.056, P=0.044). The rate of high expression
of STIPI was 71.6% (48/67) in the HER-2 positive group
and was 48.4% (78/161) in the HER-2 negative group
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Table 1 Clinical and pathologic characteristics of patients whose cancer tissues low or high express STIP1 protein

Characteristics Low express (n=102) High express (n=126) e P

Age, years 0.321 0.571
<40 31 34
>40 71 92

Menopause 0.475 0.491
Post- 32 45
Pre- 70 81

Tumor size, cm 4.424 0.035
<2 58 54
>2 44 72

Histology 0.052 0.820
Invasive 88 110
Noninvasive 14 16

Stage 4.056 0.044
land Il 73 74
1l 29 52

Lymph node 1.561 0.211
Positive 49 71
Negative 53 55

ER 1.141 0.285
Positive 56 78
Negative 46 48

PR 2.020 0.155
Positive 63 66
Negative 39 60

HER-2 10.295 0.001
Positive 19 48
Negative 83 78

STIP1, stress-induced phosphoprotein 1; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor

receptor 2.

(3=10.295, P=0.001).

High expression of STIP1 in cancer tissues is associated
with the poor prognosis of patients

Forty-four patients relapsed and 26 patients died for breast
cancer within 5 years. The overall rate of relapse within
5 years was 19.3% while the overall rate of mortality
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within 5 years was 11.4%. There were 13 patients relapsed
and 6 died in the low STIP1 expression group, while 31
patients relapsed and 20 died in the high STIP1 expression
group. The 5-year RFS rate was 87.3% in the low STIP1
expression group and was 75.4% in the high STIP1
expression group; this difference was statistically significant
(’=5.721, P=0.017) (Figure 2A). The 5-year OS rate was
94.1% in the low STIP1 expression group and was 84.1%
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Figure 2 The 5-year RFS (A) and OS (B) curves in terms of low expression of STIP1 protein group and high expression of STIP1

protein group were analyzed through Kaplan-Meier analysis. RFS, recurrence-free survival; OS, overall survival; STIP1, stress-induced

phosphoprotein 1.

in the high STIP1 expression group; this difference was
statistically significant (x'=5.814, P=0.016) (Figure 2B). The
HRs of STIP1 and other clinical variables were shown in
Table 2. There was a close correlation between high STIP1
expression and high rate of relapse for unadjusted HR was
2.161 (95% CI, 1.130-4.130). When adjusting other positive
predictors, the adjusted HR of STIP1 was 1.983 (95% CI,
1.031-3.815). Besides, HER-2 status was a predictor of
relapse as well. High STIPI expression was also associated
with high rate of death for unadjusted HR was 2.915 (95%
CI, 1.170-7.259). When adjusting other positive predictors,
the adjusted HR of STIP1 was 2.530 (95% CI, 1.003-6.379).
Besides, HER-2 status was a predictor of death as well.

Discussion

Breast cancer is divided into several different subtypes,
each of which has different molecular profiles, biological
behaviors, and risk profiles (19). A markedly prognostic
factor of breast cancer is the histological subtype; an
example is invasive ductal carcinoma, which accounts
for 70% to 80% of all cases (2). Unfortunately, the
determination of the histological subtype is subjective for
which was diagnosed by pathologists, and in particular, some
cases do not conform precisely to a given subtype. One
of the methods to recover the confusion is to class breast
cancer according to molecular subtypes with different gene
expression signatures which has been suggested to improve
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our understanding of the molecular basis of the histological
subtypes (20). Effective prognostic and predictive
biomarkers are important tools for individualized treatment,
which distinguish patients with low-risk characteristics from
those who are likely to experience unwanted side effects
from over-treatment.

STIP1 was reported to be expressed in several types of
tumors. It was reported that STIP1 expressed highly in
ovarian cancer cells where it facilitates cell proliferation and
migration (8). In our study, high expression of STIP1 was
positively associated with tumor size and stage, which was
similar to what was reported by Tsai ez /. Similarly, one
independent group used two-dimensional differential in-
gel electrophoresis and by mass spectrometry-based label-
free proteomics and reported that the expression of STIP1
was higher in cholangiocellular carcinoma than in normal
hepatocytes and non-tumorous cholangiocytes (14). In
our study, the expression of STIP1 was higher in breast
cancer tissues than in adjacent normal tissues, which was
in agreement with the results of Padden ez /. Although
the role of STIP1 in tumor pathogenesis has not been
fully elucidated, the association between STIP1 and PTC
has been reported (11). Yuan et a/. reported that patients
with higher STIP1 expression had a shorter OS time and
suggested that STIP1 is an independent biomarker for the
poor prognosis of patients with PTC. In our study, high
STIP1 expression in breast cancer was associated with low
S-year RFS and OS rates, and STIP1 was an independent

atm.amegroups.com Ann Transl Med 2018;6(15):302



Page 6 of 8

Wu et al. STIP1: a prognostic biomarker for breast cancer

Table 2 Univariate and multivariate analysis for death and recurrence of 5 years by Cox regression models

Univariate analysis

Multivariate analysis

Parameter
HR 95% ClI P HR 95% ClI P

Predictor: recurrence of 5 years
Age (>40 years old) 0.714 0.353-1.445 0.349 - - -
Menopause (post- vs. pre) 1.636 0.903-2.962 0.104 - - -
Tumor size (<2 cm) 0.729 0.402-1.324 0.300 - - -
Stage (I + Il vs. 1) 0.756 0.414-1.378 0.361 - - -
Surgery (MRM vs. BCS) 1.225 0.668-2.248 0.511 - -
Histology (invasive vs. noninvasive) 0.929 0.393-2.198 0.867 - - -
Lymph node (positive vs. negative) 1.560 0.850-2.863 0.151 - -
ER (negative vs. positive) 1.037 0.571-1.884 0.904 - - -
PR (negative vs. positive) 1.155 0.639-2.086 0.634 - - -
HER-2 (negative vs. positive) 0.487 0.268-0.885 0.018 0.538 0.294-0.983 0.044
Radiotherapy (yes vs. no) 0.815 0.447-1.486 0.505 - - -
STIP1 expression (high vs. low) 2.161 1.130-4.130 0.020 1.983 1.031-3.815 0.040

Predictor: death of 5 years
Age (>40) 0.890 0.387-2.048 0.784 - - -
Menopause (post- vs. pre) 1.987 0.917-4.267 0.082 - - -
Tumor size (<2 cm) 0.862 0.399-1.863 0.705 - - -
Stage (I + Il vs. 1) 0.708 0.325-1.541 0.384 - - -
Surgery (MRM vs. BCS) 1.716 0.746-3.948 0.204 - - -
Histology (invasive vs. noninvasive) 0.796 0.274-2.309 0.674 - - -
Lymph node (positive vs. negative) 1.282 0.589-2.792 0.531 - -
ER (negative vs. positive) 1.208 0.559-2.611 0.631 - - -
PR (negative vs. positive) 0.878 0.406-1.898 0.741 - - -
HER-2 (negative vs. positive) 0.385 0.178-0.830 0.015 0.449 0.206-0.980 0.044
Radiotherapy (yes vs. no) 0.912 0.419-1.986 0.817 - - -
STIP1 expression (high vs. low) 2.915 1.170-7.259 0.022 2.530 1.003-6.379 0.049

MRM, modified radical mastectomy; BCS, breast-conserving surgery; STIP1, stress-induced phosphoprotein 1; ER, estrogen receptor;
PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2.

predictor of relapse and death. These results are consistent
with those of Yuan ez al.

The study suggested that STIP1 was a prognostic
biomarker for breast cancer, so STIP1 may be a potential
target for breast cancer treatment. Diaz-Chivez et al.
have reported that MCF-7 breast cancer cells exposed to
resveratrol (3’,4°,5-trans-trihydroxystilbilene) decreased the
expression of STIP1 protein (21). Tsai et al. have reported
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that using STIP1-neutralizing antibody to eliminate STIP1
suppressed human ovarian cancer cells proliferation (8).
STIP1 was also known as heat shock protein 70/90
organizing protein, Okada et /. have reported that DSCG
(disodium cromoglycate) and amlexanox targeted Hsp90
to anti-allergic drugs (22). These studies suggested that
resveratrol, STIP1-neutralizing antibody, DSCG and
amlexanox may be potential drugs for breast cancers highly
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expressed STIP1.

The majority of breast cancers are ER-positive and
respond to estrogens, and consequently, it is commonly
treated with anti-hormonal therapy (3). In addition,
the oncogene HER-2 has been identified as a predictor
of patient prognosis (23). HER-2 positivity is strongly
associated with breast cancer relapse and shorter OS (24).
Hence, it is important to assess the HER-2 expression
level in all breast cancer patients (25). We first showed
the correlation between STIP1 expression and HER-2
expression in breast cancer. Based on our results, increased
STIP1 expression levels are significantly associated with
HER-2 positive expression, which indirectly indicates
that high STIP1 expression is associated with a poor
prognosis of breast cancer patients. Nevertheless, whether
an interaction or regulation exists between HER-2 and
STIP1 expression should be elucidated through further
experiments.

There are two limitations in the study. Firstly, it was a
retrospective study; secondly, the number of samples was
relatively small. Thus, it needs a randomized study with
enough samples to demonstrate that high expression of
STIP1is associated with high rate of recurrence and death
in breast cancer patients.

Conclusions

The results of our study have suggested that the
histochemical scores of STIP1 may be serviceable to
supplement the pathologist’s histopathological grade of
breast cancers. In particular, the histochemical scores of
STIP1 may be useful to predict the prognosis of breast
cancer patients.
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