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A B S T R A C T

Thyroid receptor-interacting protein 13 (TRIP13), a member of the AAA+ATPase super-family, has been
proved to be upregulated and identified as a prognostic factor in multiple human cancers, However, the role of
TRIP13 in esophageal squamous cell carcinoma (ESCC) and its clinic relevance remains unclear. In the present
study, we performed database-mining and detected TRIP13 expression in 158 tissue samples (79 ESCC tissue and
79 matched adjunct non-cancerous tissues). We further investigated the correlation between TRIP13 expression
and clinicopathological features and overall survival. Univariate and multivariate Cox regression analyses were
applied to evaluate the potential prognostic value of TRIP13 in ESCC patients. In addition, the mechanisms
involved in TRIP13 tumor-promoting effect was investigated. Data showed that TRIP13 expression was sig-
nificantly increased in ESCC tissues, compared with the matched adjunct non-cancerous tissues. Expression of
TRIP13 is significantly correlated with T status (P=0.027), lymphatic metastasis (P= 0.017), and clinical
stages of ESCC (P = 0.009). Kaplan-Meier analyses showed that patients with high TRIP13 expression had poor
overall survival (P=0.0022). Multivariate analysis indicated that TRIP13 expression might be an independent
prognostic factor in ESCC patients (HR, 1.778, 95% confidence interval = 0.959–3.296, P= 0.028).
Furthermore, downregulating TRIP13 in EC109 cell significantly attenuated the cell proliferation and progres-
sion, possibly by β-catenin regulated EMT pathway.

Conclusions: Our study demonstrated that TRIP13 might be a tumor promoting factor in ESCC and a pro-
mising prognostic indicator for ESCC patient.

1. Introduction

Esophageal cancer has emerged as the eighth most prevalent type of
cancer and also the sixth cause of cancer-related death in the world
[1,2]. Esophageal squamous cell carcinoma (ESCC) is the predominant
histological form of esophageal cancer in Asian population [3]. Al-
though tremendous progress has been made in the therapy strategies,
the overall survival rate of 5 years is still less than 25% [1]. ESCC
treatment needs novel diagnostic indicators and therapeutic targets,
which will promote a better prediction of ESCC prognosis and devel-
opment of novel chemotherapy drugs.

Thyroid receptor-interacting protein 13 (TRIP13) is a protein en-
coded by TRIP13 gene, which interacts with thyroid hormone re-
ceptors. TRIP13 is a member of the AAA+ ATPase super-family which
play a functional role in many cell signal pathways and cell activities,
including protein degradation, chromosome repairing and DNA

replication [4–6]. Recently, studies relieved that TRIP13 has been
identified as an oncogene in many human cancers, because the over-
expression of TRIP13 triggers cancer cell proliferation, migration and
invasion both in vitro and in vivo. The overexpressed TRIP13 is asso-
ciated with advanced clinical progression and poor prognosis in ovarian
cancer [7], prostate cancer [8], hepatocellular carcinoma [5], lung
cancer [9], colorectal cancer [10] and head and neck cancer [11].

However, to our best knowledge, the association between TRIP13
expression and ESCC clinical features and prognosis, and the possibly
involved mechanisms were still poorly understood. In the present study,
we first analyzed data from Oncomine database and found that TRIP13
mRNA levels was significantly upregulated in ESCC than non-cancerous
tissue. Then immunohistochemistry staining was established and found
that TRIP13 protein expression was significantly increased in ESCC
tissues and the expression of TRIP13 was correlated with advanced
clinical stage and poor prognosis. Furthermore, we established TRIP13
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knocked down EC109 cells and detected the roles of TRIP13 in EC109
cell proliferation, migration, and the possible involved mechanisms.
The results of in vivo and in vitro study, combined with the clinical data
and data from database, indicated that TRIP13 might be a good prog-
nostic predictor and a potential therapy target of ESCC.

2. Materials and methods

2.1. Ethics statement

The study was approved by the Ethics Committee of the second
affiliated hospital of the Fourth Military Medical University (FMMU,
Xian, China). All the patients signed the informed consent prior to
specimen collection. All the experiments on nude mice were approved
by the Ethics Committee, and were conducted strictly in accordance
with the Guide for the Care and Use of Laboratory Animals published by
the U.S. National Institutes of Health (National Institutes of Health
Publication No. 85-23, revised 1996).

2.2. Cell lines and animals

EC109 cell line was purchased from Shanghai Cell Bank at the
Chinese Academy of Sciences (Shanghai, China). Nude mice were
purchased from the Laboratory Animal Centre of FMMU. The mice were
kept in special-pathogen-free environment with 12 h/12 h light/dark
cycle. All the mice had free access to chow and tap water.

2.3. Cell culture and lentivirus infection

Human EC109 cells were cultured with RPMI 1640 medium (Gibco,
NY, USA), supplemented with 10% fetal bovine serum (Gibco, NY,
USA), penicillin (100 units/ml) and streptomycin (100 units/ml) at
37 °C in a humidified atmosphere containing 95% air and 5% CO2.
TRIP13 knock down (KD) and normal control (NC) lentiviruses were
purchased from Genechem (Shanghai, China) and the infection was
conducted strictly in accordance to the manufacturer’s instructions. The
TRIP13 KD EC109 cells were selected by puromycin and further con-
firmed by Western blot and RT-PCR.

2.4. ESCC patient tissue specimens collection and microarray
immunohistochemistry

In this retrospective study, a total of 158 tissue specimens were
collected from 79 patients who received ESCC surgery in Department of
Thoracic surgery, Tangdu hospital between January 2012 and
November 2013. The collected tissue specimens includes 79 ESCC
specimens and 79 matched adjunct noncancerous tissues. The patients
were not administrated radiotherapy or chemotherapy before surgery.
Medical record provides patients’ information regarding sex, age, TNM
stage, differentiation grade and histological type. All tumors were
staged according to Cancer of the Esophagus and Esophagogastric
Junction: An Eighth Edition Staging Primer by Thomas et al.. Follow up of
all the patients were updated to death or December 2018.

IHC staining was conducted as previously described after the tissue
specimens were made into a microarray [12]. Briefly, tissue microarray
section was deparaffinized, rehydrated and placed in 0.01M citrate
buffer (pH 6.0) and heated in a microwave for antigen retrieval. Then
the section was incubated with 3% H2O2 for 15min for elimination of
the endogenous peroxidase. TRIP13 was detected by TRIP13 antibody
(1:50, 19602-1-AP, Proteintech) at 4 °C overnight and further visualized
using an immunohistochemistry staining kit(KIHC-5, Proteintech, IL,
USA).

The expression of TRIP13 was scored by multiplication of the per-
centage of positive tumor cells and the staining intensity as previously
described [13]. Staining intensity scores were used: 0 indicates no
staining, 1 indicates weak staining, 2 indicates moderate staining and 3

indicates intense staining. The percentage of positive cells were scored
as 0 (< 1%), 1 (1–25%), 2 (26–50%), 3 (51–75%), 4(76–100%). The
average IHC score was 5.1266 (95% CI 4.4051–5.8604), and the
medium IHC score was 6. The average value of total scores were used to
separate the samples with high expression from samples low expression.
IHC score ≥ 6 was identified as high expression (n=42) and IHC
score< 6 was identified as low expression (n= 37).

2.5. Patient characteristics

Clinicopathological characteristics of the ESCC patients were
showed in Table 1. There were 62 male patients and 17 female patients,
whose median age is 64 years old, ranging from 30 to 81 years old.
Among all the enrolled patients, 6 patients were diagnosed with upper
thoracic ESCC, 35 patients with middle thoracic ESCC and 38 patients
with lower thoracic ESCC. Postoperative staging evaluation demon-
strated stage I disease in 1 patient, stage II in 38 patients, stage III in 31
patients and stage IV in 9 patients. Follow up was performed every 3
months after surgery. Follow up of all the patients were updated to
death or December 2018. The overall survival of the patients ranged
from 0 to 80 months, and the median survival time is 27 months.

2.6. Western blot

18 pairs of frozen ESCC tumor tissue and matched noncancerous
tissues were randomly picked among the 79 pair ESCC tissue. The
protein expression of TRIP13 in each sample was detected by western
blot as previous described [14]. The anti-TRIP13, anti-Vimentin
(1:1000, Proteintech), anti-β-catenin (1:1000, Abcam, Cambridge, MA,
UK), anti-E-cadherin (1:500, Cell signaling technology, Beverly, MA,
USA), anti-β-actin, anti-GAPDH and anti-Histone H (1:1000, CMCTAG,
Milwaukee, WI, USA) antibodies were used to detected the associated
proteins. Goat anti-rabbit and goat anti-mouse HRP-linked secondary
antibodies (Zhaongshanjinqiao, Beijing, China) were used at a con-
centration of 1:5000. The bands were visualized and captured utilizing
Bio-Rad imaging system (Bio-Rad, Hercules, CA, USA).

Table 1
Correlation of TRIP13 expression with clinicopathological variables of ESCC
patients.

Clinicopathologic Variables No. of case TRIP13 expression p-value*

Low High

Age 0.086
< 60 29 17 12
≥60 50 20 30

Gender 0.383
Male 62 28 34
Female 17 9 8

Differentiation 0.279
Grade 1 2 2 0
Grade 2 69 32 37
Grade 3 8 3 5

pT status 0.027
T1-2 10 8 2
T3-4 69 29 40

pN status 0.017
No 23 23 15
Yes 41 14 27

Clinical stage 0.009
I–II 39 24 15
III–IV 40 13 27

Site 0.551
Upper 6 3 3
Middle 35 14 21
Lower 38 20 18
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2.7. Cell viability assay

5×103 cells were seeded in 96-well plate and cultured with com-
plete medium. 10 μl CCK8 regent (7-sea, Shanghai, China) was added to
each well and the cells were further cultured for 1 h. Absorbance at
450 nm was detected 12 h, 24 h, 36 h and 48 h after cell seeding.

2.8. Clonogenic assays

For cell colony formation assay, cells were seeded and cultured with
complete medium in 6-well plate for 2 weeks. The medium was re-
placed every 3 days. 14 days later, cells were stained with 0.5% crystal
violet. Colony with more than 50 cells were counted using Image J, and
the colony numbers in the control group were normalized to 100%.

2.9. Cell transwell assay

Cells transwell assay was conducted to detect the cell migration and
invasion ability as previously described [15]. 6.5 mm transwell cham-
bers (Corning, NY, USA) were used and the pore size is 8 μm. After 24 h,
the cells adhered to the underside of the chamber was stained with
0.5% (w/v) crystal violet for 20min. After that, images were captured
using an inverted microscope (×200 magnification) in 3 random fields
to calculate cell numbers.

2.10. In vivo tumor formation in nude mice

The nude mice were divided into 2 groups, the TRIP13 NC group
and the TRIP13 KD group, TRIP13 NC or KD cells (1× 107) were
subcutaneously injected into left rear limbs of the mice. After the tu-
mors had reached about 100mm3, body weight and tumor size of each
mouse were measured every 3 days. The tumor volume was calculated
as (L×W2)/2, where L is the length and W is the width in mm. On the
24th day, mice were sacrificed and the xenografts were harvested for
further detection.

2.11. Statistical analyses

SPSS 21.0 software was used for statistical analysis. Associations
between NOK expression and clinicopathological variables were eval-
uated using the χ2-test. Survival rates were calculated and survival
curves were constructed using the Kaplan-Meier method and the log-
rank test was used to evaluate the significance of difference. Correlation
analyses of the survival time and various clinicopathological variables
was determined using univariate and multivariate Cox proportional
hazards analysis. P < 0.05 was considered as statistically significant.

3. Results

3.1. Analysis of TRIP13 expression data from online database

To determine the expression of TRIP13 in ESCC, we analyzed mul-
tiple data sets from Oncomine. In Su’s ESCC statistics, TRIP13 mRNA
level is significantly increased in ESCC tissue than adjacent non-
cancerous tissues (Fig. 1A). In addition, Oncomine database analysis
also revealed that TRIP13 mRNA is over expressed in multiple cancers,
which indicates a potential role of TRIP13 in cancer development
(Fig. 1B). Then we further analyzed TRIP13 mRNA levels in Hu’s
(GSE20347) [16] (20955586) and Su’s (GSE23400) [17] ESCC data
sets. As shown in Fig. 1C, both of the data sets showed that TRIP13
mRNA is significantly increased in ESCC tissue than the non-cancerous
tissue.

3.2. Expression of TRIP13 in human ESCC tissues

In our study, protein expression of TRIP13 was detected in 18 pairs

of ESCC tissues and matched adjacent noncancerous tissues by western
blot. TRIP13 protein expression was significantly increased in ESCC
tissue (P < 0.001, Fig. 1D). IHC staining confirmed the over expres-
sion of TRIP13 in ESCC tissue (Fig. 2E, P<0.001). To further evaluate
the differential expression of TRIP13 between ESCC and adjunct non-
cancerous tissues, IHC was performed on the tissue microarray and
found that TRIP13 scores were significantly higher in the ESCC tissue
than those in adjunct noncancerous tissues (Fig. 2A–E). IHC scores in I/
II stage group were significantly lower than those in III/IV stage group
(Fig. 2F, P=0.0007). In addition, IHC scores in T1+T2 group were
significantly lower than those in T3+T4 group (Fig. 2G, P=0.0017).

3.3. TRIP13 expression is correlated with clinicopathological variables of
ESCC patients

The 79 specimens were divided into TRIP13 high expression group
and TRIP13 low expression group as previously mentioned. The cor-
relation between TRIP13 protein expression and clinicopathological
variables in ESCC patients were statistically analyzed and summarized
in Table 1. TRIP13 expression is significantly correlated with tumor size
(P=0.027), lymphatic metastasis (P=0.017), and clinical stage
(P=0.009) (Table 1). There was no significant difference between
TRIP13 expression and age, sex, differentiation, or tumor location. Due
to the limited simple size in the T1+T2 group, the prognostic role of
TRIP13 in T1+T2 group and T3+T4 group was not determined.

3.4. TRIP13 expression is correlated with prognosis and survival in ESCC
patients

To investigate the relationship between TRIP13 expression and the
clinical outcomes of ESCC patients, the correlation between patient
survival and TRIP13 expression status was analyzed. ESCC patient with
high TRIP13 expression had a significantly worse prognosis than pa-
tients with low TRIP13 expression (Log-rank P < 0.001, Fig. 2F). The
mean survival time of ESCC patients with high TRIP13 expression
(n= 42) was 27.9 months and the mean survival time of ESCC patients
with low TRIP13 expression (n=37) was 44.4 months. Furthermore,
we divided patients into I/II stage group and III/IV stage group, but
failed to find the difference of prognosis between patients with high
TRIP13 expression and low TRIP13 expression in each separated stage
groups (Fig. 2I–J).

3.5. TRIP13 expression level was an independent prognostic factor in ESCC
patients

To further evaluate whether TRIP13 represent a prognostic para-
meter in ESCC patients, we used the Cox’s proportional hazards model.
Univariate analysis showed that high TRIP13 expression was correlated
to ESCC patients’ survival (Table 2). In addition, clinical stage was also
correlated to ESCC patients’ survival in Univariate analysis. We then
used multivariate survival analysis to assess the prognostic factors
identified in the univariate analysis. We found that besides clinical
stage, TRIP13 expression level was an independent prognostic factor
(HR=2.438, P= 0.002, Table 2). Multivariate analysis indicated that
TRIP13 expression might be an independent prognostic factor in ESCC
patients (HR, 1.778, 95% confidence interval= 0.959–3.296, P=
0.028).

3.6. Suppression of TRIP13 attenuated the aggressive tumor phenotype of
EC109 cells in vitro

To investigate the potential tumor-promoting effect of TRIP13, we
knocked down the TRIP13 protein expression in EC109 cells using
lentivirus. The transfection efficiency was confirmed by western blot
(Fig. 3D). Then we assessed the cell proliferative ability of EC109 cells
by using cell viability detection and colony formation assays. TRIP13
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KD significantly decreased the cell growth compared to that in the
TRIP13 NC group (P<0.01, Fig. 3A). In addition, the colony formation
assay found that knocking down TRIP13 significantly decreased EC109
cell proliferation ability (Fig. 3B).

Transwell assay was performed to investigate EC109 cell migration
and invasion ability after TRIP13 knock down. As shown in Fig. 3C,
TRIP13 knocking down significantly decreased the migrated and in-
vaded cells in comparison to the NC group. These results indicated that
TRIP13 might be a potential promotor of EC109 cell progression.

β-Catenin and epithelial-mesenchymal transition (EMT) play a
crucial role in tumor progression. Western blot showed that, compared
with TRIP13 NC group, β-catenin expression is slightly decreased in
whole TRIP13 KD cells, while significantly decreased in the nucleus of
the TRIP13 KD cells (Fig. 3D). These results indicated that transcrip-
tional activity of β-catenin was decreased after TRIP13 knocking down.
Expression of Vimentin was decreased and E-cadherin was increased in
TRIP13 KD EC109 cells, indicating EMT was suppressed by TRIP13
knocking down.

3.7. Suppression of TRIP13 in ESCC cells attenuated in vivo xenograft
growth

TRIP13 NC and TRIP13 KD EC109 cell were used to establish in vivo
xenografts. Tumor volume was measured every 3 days after the tumors

reached 100mm3. Tumor volume in TRIP13 KD group was significantly
smaller than that of TRIP13 NC group. In conclusion, our results proved
that β-catenin regulated EMT might involve in TRIP13 induced EC109
cell progression.

4. Discussion

Although great advances have been made in the therapeutic stra-
tegies of ESCC during the past decades, the overall survival remains
unsatisfying. In the present study, we first applied database mining and
identified that TRIP13 might play a potential role in ESCC due to its
higher mRNA level in ESCC tissues than that in adjunct non-cancerous
tissues. Then we discovered the correlation between TRIP13 expression
and clinicopathological variables and prognosis of ESCC. Furthermore,
we found that TRIP13 might promote EC109 cell progression by acti-
vating β-catenin and EMT pathway.

TRIP13 is a member of AAA+ATPase super-family. TRIP13 is first
identified as a key regulator of meiotic recombination and spindle as-
sembly checkpoint, acting on signaling proteins of the conserved
HORMA domain family [18]. Carter and colleagues found that TRIP13
is upregulated in multiple cancers in 2006 [19]. From then on, a series
studies further confirmed the abnormal expression of TRIP13 in human
cancers and identified TRIP13 as a potential oncogene [20]. Banerjee
and colleagues investigated the oncogenic role of TRIP13 in cancer first,

Fig. 1. TRIP13 is overexpressed in ESCC tissues. (A) Oncomine database showed that TRIP13 is one most the most significantly differently expressed genes (in the top
1%). (B) Data sets numbers from Oncomine with significant TRIP13 mRNA over expressions or down expressions. (C) TRIP13 mRNA levels in ESCC tissue and
matched non-cancerous tissue in Su’s and Hu’s ESCC data sets. (D) Western blot analysis of TRIP13 protein expression in 18 paired ESCC tissues.
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and demonstrated that regulating TRIP13 may contribute to overcome
treatment resistance in head and neck cancer [11]. Then TRIP13 has
been proved to be a tumor promotor in several human cancers. Inter-
estingly, Marks et al found that TRIP13 loss and Mad2 overexpression
reduced the ability of checkpoint complexes to disassemble and sig-
nificantly inhibited the proliferation of cells in culture and tumor xe-
nografts [21]. Wang et al. suggest that premature mitotic checkpoint
silencing triggered by TRIP13 overexpression may promote cancer
[22]. The detailed roles of TRIP13 still needs further investigation. The
tumor promoting effects of TRIP13 have never validated in ESCC, and
the potentially mechanisms involved in this process remains totally

unknown. In our study, we demonstrated that TRIP13 is significantly
upregulated in ESCC cancer tissues than adjunct noncancerous tissues,
through mining the Oncomine database, IHC staining and western
blotting. These results were in consistence with previous studies of
TRIP13 in other cancer types.

Studies have proved that TRIP13 might be associated with clin-
icopathological characteristics in serval cancer types [10,23–26]. In the
present study we analyzed the correlations between TRIP13 and clin-
icopathological variables in 79 ESCC patients and found that TRIP13
expression is positively associated with tumor size, lymphatic metas-
tasis, and clinical stages. These results indicated that increase of TRIP13

Fig. 2. TRIP13 overexpression was correlated with bad prognosis of ESCC. (A–D) Representative IHC staining images of TRIP13 (A and B: normal tissue with low
TRIP13 expression, C and D: ESCC tissue with high TRIP13 expression). (E) Comparison of IHC scores in ESCC tissues and Non-cancerous tissues. (F) Comparison of
IHC scores of TRIP13 between I/II stage ESCC and III/IV stage ESCC. (G) Comparison of IHC scores of TRIP13 between T1+T2 ESCC and T3+T4 ESCC. (H) Kaplan
Meier survival test regarding TRIP13 expression in 79 ESCC specimens. (I) Kaplan Meier survival test regarding TRIP13 expression in 39 stage I and stage II ESCC
specimens. (J) Kaplan Meier survival test regarding TRIP13 expression in 40 stage III and stage IV ESCC specimens.

Table 2
Univariate and multivariate analysis of overall survival in ESCC patients.

Variables Categories Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age (years) > =60/<60 0.772(0.432–1.379) 0.382 0.809(0.449–1.458) 0.480
Gender Male/Female 1.270(0.666–2.422) 0.469 1.322(0.667–2.619) 0.424
Grade of Differentiation Grade 1+ 2/Grade 3 0.635(0.271–1.490) 0.297 0.746(0.313–1.869) 0.556
Site Upper+Middle/Lower 1.700(0.975–2.965) 0.061 1.652(0.894–3.154) 0.109
Clinical stage I+ II/III+ IV 0.370(0.209–0.656) 0.001 0.412(0.232–0.813) 0.005
TRIP13 expression High/Low 2.438(1.371–4.336) 0.002 1.778(0.959–3.296) 0.028

HR, Hazard Ratio; CI, confidence interval.
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expression was associated with ESCC progression. Furthermore, Log-
rank test showed that TRIP13 expression in ESCC tissue is negatively
associated with prognosis. Patients with low TRIP13 expression had
significantly better outcome than patients with high TRIP13 expression.
However, when patients were divided in to I+ II group and III+ IV
group, TRIP13 expression was significantly higher in III+ IV group, but
TRIP13 expression was uncorrelated with ESCC prognosis in each se-
parated group. These results might attributes to the limited sample size.
Whether TRIP13 is a good predictor of ESCC prognosis in specific
clinical stage still needs further investigation.

The mechanisms of the tumor-promoting effect of TRIP13 haven’t

been fully explained, and the pathways involved might differ in dif-
ferent cancer types. For example, in ovarian cancer, the oncogenic role
of TRIP13 might be mediated by Notch signaling [7] and in hepato-
cellular carcinoma by TGF-β1/smad3 pathway [5]. In the present study,
we demonstrated that TRIP13 knock down decreased the tumor phe-
notype of EC109, indicated by colony formation assay in vitro and xe-
nografts growth detection in vivo.

EMT takes place in epithelial cancer cells and triggers cancer pro-
gression and metastasis [27]. β-Catenin signaling plays key roles in
tissue homeostasis and cell fate decisions in embryonic and post-em-
bryonic development across the animal kingdom [28]. As a result,

Fig. 3. TRIP13 down regulation attenuated EC109 cell proliferation and progression both in vitro and in vivo. (A) CCK-8 analysis of cell growth of TRIP13 NC cells and
TRIP13 KD cells. (B) Colony formation assays of EC109 cells. (C) Transwell assay of EC109 cells (for migration and invasion). (D) Representative western blot images
of TRIP13, β-catenin and EMT markers. (E) Images and analysis of the in vivo xenografts. **P < 0.01 vs TRIP 13 NC group.
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pathway abnormal changes are associated with developmental dis-
orders and many human cancers [28]. Studies have reported that for
analyzing EMT and malignant cancer development, β-catenin is de-
picted as a relevant target [29]. β-catenin can be activated by a series of
protein kinases and then assembles in the nucleus to enhance tran-
scription of multiple EMT-related genes [29–33]. Numerous of studies
has proved that β-catenin and it regulated EMT paly key role in cancer
progression and treatment, including ESCC [34,35]. In the present
study, we found transcriptional activity of β-catenin was inhibited
when TRIP13 was knocked down, and the EMT level was attenuated.
However, whether β-catenin and EMT is the dominating pathway in
this process still needs further investigation and more evidence.

Taken together, for the first time we demonstrated that TRIP13 is a
promising oncogene and a good prognostic indicator in ESCC. TRIP13
was significantly increased in ESCC tissues, and overexpression of
TRIP13 is correlated with advanced clinical stages and bad prognosis of
ESCC. In vitro and nude-mice based in vivo study confirmed the cancer
promoting effect of TRIP13, and this effect might be associated with β-
catenin and EMT.
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