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Abstract
Background: TXNDC17(thioredoxin domain containing 17 protein) has primarily been associated with
ovarian cancer. It concurs resistance to paclitaxel by inducing autophagy. However, limited information
exists on its role in uterine papillary serous carcinoma (UPSC). This study aimed to analyze
clinicopathological characteristics of patients with UPSC in China, and investigate roles of TXNDC17
protein in UPSC chemoresistance and prognosis.  

Methods: Fifty-�ve patients with UPSC treated in women’s hospital school of medicine Zhejiang university
from 2003 to 2016 were analysed retrospectively. Immunohistochemistry (IHC) were performed to
TXNDC17 and BECN1 (Beclin 1 protein, a key regulator of autophagy) protein expression respectively.

Results: A total of 55 UPSC patients of median age (63.3 years), 43.7% with late stages (stage III/IV), and
48.6 % exhibiting more than half of myometrium invasion were enrolled. Notably, 28 (50.9%) patients had
TXNDC17 protein overexpression associated with chemoresistance and high BECN1 expression. BECN1
overexpression occurred at an advanced stage and was characterized by deep myometrial invasion. Of
note, advanced stage, deep myometrial invasion, BECN1, and TXNDC17 overexpression were signi�cantly
associated with a poor outcome. Besides, co-expression of TXNDC17 and BECN1 occurred at an
advanced stage causing deep myometrial invasion and chemoresistance thereby resulted in the shortest
survival in UPSC. The multivariate proportional hazards model revealed that myometrial invasion and
TXNDC17 overexpression were independent prognostic factors.

Conclusion: This study showed that TXNDC17 overexpression, through induces autophagy, and
consequently results in chemoresistance and poor survival in UPSC patients. TXDNC17 may be a
potential predictor or target in UPSC therapeutics.

Background
Endometrial carcinoma is the sixth most common cancer and the 14th leading cause of cancer death in
women globally 1 . Endometrial carcinoma is classi�ed into two subtypes based on different
clinicopathological characteristics and morphological appearance. Type I is estrogen-related and are
mostly endometrioid adenocarcinomas comprising of several endometrial cancers derived from
endometrial hyperplasia. It is associated with unopposed estrogen stimulation. Type II is estrogen-
independent and are predominant serous carcinomas associated with atrophic endometrium. It arises
from intraepithelial carcinoma, a precancerous lesion 2 .

Uterine papillary serous carcinoma (UPSC) is a typical type II endometrial carcinoma mostly associated
with an aggressive clinical course and poor prognoses. It is histologically and clinically more similar to
ovarian serous carcinoma 3 . UPSC represents about 10 % of endometrial carcinomas, however, it has
caused over 50 % of all deaths and recurrences caused by endometrial carcinomas 4 . Comprehensive
surgical staging and platinum/taxane-based adjuvant chemotherapy are recommended for UPSC
patients following guidelines from the Society of Gynecologic Oncology (SGO). This is because UPSC
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exhibits similar characteristics as serous epithelial ovarian carcinoma 3 . Poor outcomes of UPSC
patients have urgently inspired investigations of new and effective UPSC treatment modalities. However,
the response rates to chemotherapy and disease-speci�c survival rate are lower for UPSC than for ovarian
carcinoma patients. UPSC is thus considered chemoresistant and mainly causes low survival rates 5 .
Besides, studies indicate that UPSC patients treated with paclitaxel with or without platinum show
between 60–80 % response rates 6 . Of note, most of these responses are not durable and have not
translated into improved survival rates. The poor outcomes of the patients require in-depth studies to
develop a novel UPSC treatment. Drug resistance is considered the main cause of UPSC therapy failure.
The underlying mechanism for UPSC chemoresistance has not been established. Also, there are no
de�nite biomarkers for UPSC chemoresistance. In our previous studies, we reported that TXNDC17 is
associated with paclitaxel resistance in ovarian cancer 7 .

TXNDC17 is a new member of the Trx family and is expressed in multiple types of human tissues 8 .
Limited reports exist on the function of TXNDC17. Recent studies have reported that TXNDC17 is
involved in the TNF signaling pathway. The pathway is associated with autophagy by interacting with the
dynein light chain LC8 protein 9 . Our previous studies reported that TXNDC17 induce autophagy and
consequently promotes resistance of ovarian cancer cells to paclitaxel by regulating BECN1 expression
7 . In addition, STAT3-dependent TXNDC17 expression mediates paclitaxel resistance by inducing

autophagy in human colorectal cancer cells 10 . Autophagy can confer cells with the ability to adapt and
thrive in new hostile environments by protecting cancer cells from undesired threats in the late tumor
stages. Notably, when autophagy is regulated, some cancer cells acquire the ability to subsist stress
induced by anticancer treatment 11 . However, the biological function of TXNDC17 in UPSC has not been
described. Here, we hypothesize that TXNDC17 plays a vital role in disease aggression and UPSC
chemoresistance by regulating autophagy.

First, we investigated TXNDC17 expression in 55 UPSC patients through immunohistochemistry analysis.
The co-expression of TXNDC17 and BECN1 in the patients was determined. Moreover, we analyzed the
relationship between TXNDC17 expression and clinicopathological features including the
chemoresistance of UPSC. Therefore, this study purposed to investigate the prognostic value of
TXNDC17 and highlight a new strategy for therapeutic intervention in UPSC patients.

Methods
1,007 patients diagnosed with endometrial carcinoma who were operated at Women’s Hospital, Zhejiang
University from January 2003 to January 2016 were enrolled. Notably, 86 patients were diagnosed with
UPSC which accounted for about 8.5%. The uterine specimens after surgery were diagnosed by two
pathologists separately and any dispute in diagnosis was veri�ed by a different senior pathologist
through a �nal diagnosis. From the 86 patients, some uterine tissues were not included for this study
because satisfactory specimens could not be obtained or they lacked useful information. A total of 55
cases of UPSC were collected. Patients were staged following the FIGO surgical criteria. Progression-free
survival (PFS) and overall survival (OS) were calculated from the date of the surgical diagnosis as the
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primary clinical endpoint evaluation. Death certi�cate information was obtained when there was no
information about survival in the medical record. A patient was censored after her last contact if the
information was not available.

Clinicopathological information including age at the time of diagnosis, weight, major symptoms,
myometrial invasion, a histologic subtype of UPSC (pure or mixed), lymph node status, FIGO
(International Federation of Gynecology and Obstetrics) stage, histologic grade, ER/PR/P53/Ki-67 level,
therapeutic regimen, and history of medicines. The patients were placed into two groups based on their
sensitivity to platinum-based combination chemotherapy. Chemoresistant group was de�ned as a
recurrence fewer than 6 months after platinum chemotherapeutic. The chemosensitive group was de�ned
as a recurrence of 6 months or later after platinum therapy.

Formalin �xed and para�n embedded sections were dewaxed in xylene, rehydrated in graded ethanol and
saturated with endogenous peroxides. Para�n sections were cultured with anti-TXNDC17 (Abcam,
ab121725) antibody which dilute to 1:150 or anti-BECN1 (Abcam, ab51031) antibody dilute 1:100. Two
serial sections of the same para�n embedded block and the same patient were stained with anti-
TXNDC17 and anti-BECN1 antibodies respectively. The staining samples were displayed by Dako real
envision detection system (Dako Diagnostica, K5007). Section slides were stained with hematoxylin,
dehydrated and �xed. The negative control groups did not contain primary antibody. TXNDC17 and
BECN1 staining were semi quantitatively analyzed in 5 microscope �elds. The intensity of
immunostaining was graded as follows: weak, 1+; moderate, 2+; strong, 3+ or very strong, 4+. In each
microscopic the area of positive were classi�ed as follows: 0 to 25%, 1+; 25 to 50%, 2+; 50 to 75%, 3+, or
75 to 100%, 4+. Multiply the two fractions to get the sum between 5 and 80. The “low expression” means
the sum from 0 to 42, and the “high expression” means the sum from 43 to 80.

We used χ2 tests to estimate the prognostic factors, and Kaplan-Meier survival curves were performed to
evaluate progression-free survival (PFS) and overall survival (OS). The survival curves were compared by
log-rank test. We use Cox’s proportional hazards regression to model survival with TXNDC17
overexpression and the clinicopathological factors associated with prognosis. SPSS 20.0 software (IBM
Corp., Armonk, NY, USA) were used to statistical analyses. P values less than or equal to 0.05 were
considered statistically signi�cant.

Results
The patients were of median age (63.3 years) ranging from 49-79 years. The median BMI (Body Mass
Index) was 23.89 kg/m2 (range 18.73-32.03). The major presenting symptom was abnormal vaginal
bleeding (87.7 %, 48/55). Besides, three patients were initially presented with vaginal discharge, four
patients exhibited intrauterine mass diagnosis by gynecological ultrasound, and one patient showed
bellyache. Notably, 15 patients had hypertension complications, two patients had diabetes, and �ve
patients had both hypertension and diabetes. Moreover, four patients had a history of other cancers
including breast cancer (1), kidney cancer (1) and, ovarian cancer (2).
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From the 55 patients, 24 (43.6%) exhibited stage I (19 IA, 5 IB), 7 (12.7%) stage II (4 IIA, 3 IIB), 17 (31%)
stage III (4 IIIA, 3IIIB, 10IIIC), and  7 (12.7%) stage IV (3IVA, 4IVB) of UPSC. Altogether 56.3% showed early-
stage (stage I/II) and 43.7% showed late-stage (stage III/IV) UPSC infection. Notably, 33 tumors invaded
less than half of the myometrium, whereas 18 tumors invaded more than half of, however 4 patients had
no myometrial invasion. Exactly 14 tumors (25.4%) exhibited LVSI (Lymph-vascular space invasion), 33
patients (60%) had P53(Tumor Suppressor Protein p53) overexpression, 34 patients (61.8%) had Ki-67(Ki-
67 Antigen) overexpression. Moreover, positive ER(estrogen receptor) expression was detected in 14
cases (25%) and PR(progesterone receptor) expression in 7 cases (12.7%). All patients were subjected to
underwent exploratory surgery, hysterectomy, bilateral salpingo-oophorectomy, omentectomy, pelvic
lymphadenectomy, and/or para-aortic lymphadenectomy, and platinum/taxane-based adjuvant
chemotherapy after surgery.

A total of 28 (50.9%) patients had TXNDC17 protein overexpression through IHC (Figure1). The
clinicopathological features due to TXNDC17 overexpression are summarized in Table 1. High TXNDC17
expression was signi�cantly correlated with chemoresistance (P=0.014) and higher BECN1 levels
(P=0.023). Furthermore, we determined BECN1 expression in UPSC through IHC, 29 (52.7%) patients had
BECN1 protein overexpression (Figure1). The clinicopathological features from BECN1 overexpression are
summarized in Table 2. Patients showing BECN1 overexpression were more likely to exhibit advanced
stage (P=0.028) and deep myometrial invasion (P=0.029) compared with BECN1 negative patients.
BECN1 overexpression was reported in 71.4 % of UPSC patients showing advanced disease stage
compared to 41% of BECN1 negative patients. Besides, patients with BECN1 overexpression (72.2%) were
more likely to show deep myometrial invasion than BECN1 negative patients (43%).     

In order to explore the role of TXNDC17 in autophagy, we divided the patients into 4 groups including
TXNDC17high/BECN1high, TXNDC17high/BECN1low, TXNDC17low/BECN1high, and
TXNDC17low/BECN1low. Compared with other groups, TXNDC17high /BECN1high groups had an
advanced stage (P=0.013), depth myometrial invasion (P=0.009), and chemotherapy resistance
(P=0.006) (Table 3). The results indicated that TXNDC17 and BECN1 proteins higher expression are
closely linked with malignant features in UPSC..

Results from univariate survival analysis of TXNDC17 protein expression and other clinicopathological
factors are shown in Table 4. The median follow-up time for all the patients was 45.7 months (range 7-
120 months). Lower outcome (Kaplan-Meier) was observed in TXNDC17 positive patients than negative
patients (Figure 2). Kaplan-Meier survival curves showed that UPSC with high TXNDC17 expression
exhibited signi�cantly lower progression-free survival (PFS, P=0.028) and overall survival (OS, P=0.008).
The 5-year overall survival rate for early and advanced stage patients was 88.2% and 61.9%. Besides, the
survival rate for the super�cial and deep myometrial invasion was 86.5% and 50.0% respectively. Deep
myometrial invasion and advanced stage were signi�cantly associated with a shorter OS (Figure 2a) and
PFS (Figure 2b). Moreover, high BECN1 expression was associated with a lower outcome (Figure 2).
When patients were divided into four groups (TXDNC17high /BECN1high, TXDNC17high /BECN1low,
TXDNC17low /BECN1high, TXDNC17low /BECN1low) patients with TXDNC17high /BECN1high displayed the
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shortest survival in UPSC (Figure 3). Multivariate analysis showed that myometrial invasion (P=0.011)
and TXNDC17 expression (P=0.012) were independent prognostic factors for overall survival (Table 5).
These �ndings suggested that a potential linkage exists among TXNDC17, autophagy, and malignant
features of UPSC.

Discussion
Uterine papillary serous carcinoma (UPSC) is a rare type of endometrial cancer. Besides, highly
aggressive endometrial carcinoma is characterized by early metastatic spread, high recurrence rate, and
poor prognosis compared with type I endometrial carcinoma. Previous studies have evaluated several
prognostic factors of UPSC such as stage, age, depth of myometrial, tumor size, lymphatic vascular
space invasion (LVSI), grade, tumor markers, and cytoreductive surgery, however, their �ndings are
inconsistent 12 . Of note, most �ndings indicate that myometrial invasion and tumor stage highly
in�uence the prognosis of UPSC patients. Reports by Black and his colleagues indicated that myometrial
invasion and tumor stage were the main factors for UPSC prognosis 13 . Elsewhere, a study showed that
LVSI is the only independent prognostic factor for overall survival(OS) 14 . This study reported that
myometrial invasion and FIGO stages were risk factors for a worse UPSC prognosis, however, there was
no signi�cant difference in LVSI, the tumor grade, P53 and Ki-67 expression. Additionally, the multivariate
analysis reported myometrial invasion as an independent prognostic for poor survival of UPSC.
Considering the contradicting results from previous studies, we supposed that a lack of patient numbers
and limited follow-up time may affect the accuracy of statistical results. Therefore, larger patient samples
are needed for a similar study to clarify the UPSC prognosis.

Notably, UPSC has similar characteristics with the ovarian serous carcinoma compared to type I
endometrial carcinoma. They include the tendency to metastasize on the peritoneal surfaces and lymph
node, occurrence of ascites, and upper abdominal invasion 3 . However, UPSC is potentially
chemoresistant. In our previous research, we reported that high TXNDC17 expression is associated with
poorer prognosis of ovarian cancer patients. Moreover, TXNDC17 promotes paclitaxel resistance by
inducing autophagy in ovarian cancer 7 . This study reports that TXDNC17 is overexpressed in UPSC
thereby is associated with chemoresistance and is a risk factor for a worse UPSC prognosis.

Besides, TXNDC17 is a ubiquitous cytosolic protein expressed in mammalian tissues. It contains Trx-like
active center proteins, functions as a disul�de reductase and peroxidase, and maintains redox
homeostasis in cells 8 . Limited information on the function of TXNDC17 exists, however, recent studies
have reported that TXNDC17 is involved in the TNF-αsignal transduction pathway (a stimulating pathway
for cellular autophagy) regulation 15 . Moreover, autophagy has been reported as one of the modalities
of cell death occurring after chemotherapy and is an underlying mechanism for chemoresistance in
tumor cells 16 . We examined the association of the expression between TXDNC17 and BECN1, a key
regulator of autophagy, to determine whether autophagy is associated with TXNDC17-related poor
prognosis and chemoresistance. Of note, a signi�cant positive correlation between TXDNC17 and BECN1
expression in UPSC was observed.
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Furthermore, TXNDC17 was reported as a risk factor for poor UPSC prognosis and is remarkably
correlated to chemoresistance and higher BECN1 expression. BECN1 expression in UPSC was determined
and patients showing BECN1 overexpression were more likely to develop advanced stage and depth
myometrial invasion compared to BECN1 negative patients. Also, patients with TXDNC17high /BECN1high

exhibited the shortest survival in UPSC, and patients with TXDNC17high /BECN1high were more likely to
have an advanced stage, depth myometrial invasion, and chemoresistance. Moreover, multivariate
analysis showed that TXNDC17 expression is an independent prognostic factor for overall survival. This
con�rmed that TXNDC17 is associated with poor prognosis and chemoresistance by inducing autophagy
in UPSC.

Autophagy can cause type II programmed cell death. Effective activation of autophagy confers stress
tolerance and maintains cell survival, however excessive or sustained autophagy potentially induce cell
death 17 . Besides, autophagy can provide cells with the ability to adapt and thrive in new hostile
adverse environments by protecting cancer cells from undesired threats in late tumor stages 18 . Also,
autophagy is associated with recurrence, metastasis, and chemotherapy resistance in many cancer types
19-21 . Previously, we reported that autophagy maintains the stemness of ovarian cancer stem cells 22

and TXNDC17 promotes paclitaxel resistance by inducing autophagy in ovarian cancer 7 . Other studies
also have reported that STAT3-dependent TXNDC17 expression mediates paclitaxel resistance by
inducing autophagy in human colorectal cancer cells 10 . Additionally, suberoylanilide hydroxamic acid
has been reported to sensitize neuroblastoma to paclitaxel by inhibiting TXNDC17-mediated autophagy
23 . In this study, we observed TXNDC17 and BECN1 co-expression in some UPSC and TXNDC17

overexpression caused higher BECN1 expression, therefore, it is associated with poor patient prognosis.
Moreover, TXNDC17 expression was an independent prognostic factor for overall survival and associated
with chemoresistance and is thus a potential target in UPSC therapeutics. Combining the novel targeted
therapies that stimulate autophagy with conventional anticancer drugs may provide a new treatment for
UPSC, therefore should further be investigated.

Conclusions
Our study demonstrate for the �rst time that high TXNDC17 expression is associated with poor prognosis
of UPSC. TXNDC17, through autophagy participation, promotes an aggressive clinical course causing
chemoresistance and poor UPSC outcome. Findings from this study suggest that TXDNC17 may be a
potential therapeutic target in refractory UPSC patients. However, the underlying mechanisms should be
further evaluated by randomized clinical trials.

Abbreviations
TXNDC17: thioredoxin domain containing 17 protein; UPSC: uterine papillary serous carcinoma; PFS:
Progression-free survival; OS: overall survival; FIGO: International Federation of Gynecology and
Obstetrics; LVSI: Lymph-vascular space invasion;
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Figures

Figure 1

Immunohistochemistry of BECN1 and TXNDC17 expression in UPSC patients:Two serial sections from
the same para�n-embedded block from 55 UPSC patients were used for detection using anti-TXNDC17
and anti-BECN1 antibodies, respectively. Representative TXNDC17 and BECN1 staining from low
expression and high expression tissue are shown at 200X and 400X magni�cations. TXNDC17,
thioredoxin domain containing 17 protein; BECN1, Beclin 1 protein; UPSC, uterine papillary serous
carcinoma.
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Figure 2

Kaplan-Meier survival curves for PFS and OS in UPSC patients: (a) Overall survival (OS) based on
TXNDC17 expression (P=0.008), BECN1 expression (P=0.047), myometrial invasion (P=0.006) and FIGO
stage (P=0.047); (b) Progression-free survival (PFS) based on TXNDC17 expression (P=0.028), BECN1
expression (P=0.030), myometrial invasion (P=0.019) and FIGO stage (P=0.042). OS, Overall survival;
PFS, Progression-free survival; UPSC, Uterine Papillary Serous Carcinoma; TXNDC17, thioredoxin domain
containing 17 protein; BECN1, Beclin 1 protein; FIGO, International Federation of Gynecology and
Obstetrics.

Figure 3

Combined analysis of TXNDC17 and BECN1 expression in the prognostic value of patients with UPSC
using Kaplan-Meier survival curves. TXNDC17, thioredoxin domain containing 17 protein; BECN1, Beclin 1
protein; UPSC, uterine papillary serous carcinoma.
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