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Overexpression of DEP domain containing mTOR-interacting
protein correlates with poor prognosis in
differentiated thyroid carcinoma
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Abstract. DEP domain containing mammalian target of
rapamycin (mMTOR)-interacting protein (DEPTOR), a recently
identified mTOR-interacting protein, is a novel candidate
oncogene. Previous studies reveal that high DEPTOR expres-
sion is required to maintain PI3K and Akt activation and to
inhibit apoptosis. However, its significance in differentiated
thyroid carcinoma (DTC) is not yet known. The present
study verifies the mRNA and protein expression of DEPTOR
in five cell lines, DTC tissues and normal adjacent tissues.
Tissue microarrays of 114 DTC patients were used to detect
DEPTOR protein expression. The assessment of DEPTOR
levels demonstrated that DEPTOR in DTC cells and tissues
was significantly increased compared with normal cells and
adjacent normal tissues. DEPTOR protein expression was
significantly associated with lymph node status, extrathyroid
extension and distant metastasis. Patients exhibiting high
DEPTOR expression were statistically susceptible to earlier
recurrence and poorer survival than those with low expression.
Univariate and multivariate analyses showed that DEPTOR
expression was an independent prognostic factor for DTC
recurrence. In conclusion, our data indicate DEPTOR as a
novel prognostic marker for DTC.
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Introduction

Differentiated thyroid carcinoma (DTC) is the most common
histological type of thyroid malignancy and its incidence is
increasing (1). Although the majority of DTCs have a relative
low mortality, with 10-year survival rates of 83-95%, approxi-
mately 30% of patients with DTC still undergo recurrence
during the decades following initial therapy during several
decades (2,3). Establishing relevant biomarkers with prognostic
significance may prove crucial in reducing the recurrence
rate and modifying therapeutic strategies for individual DTC
patients (4). To date, few molecular prognostic indicators have
been used to evaluate the efficiency of DTC patient diagnosis
and prognosis (5,6).

DEP domain containing mammalian target of rapamycin
(mTOR)-interacting protein (DEPTOR), a recently identi-
fied 48 kDa mTOR-interacting protein, is a novel candidate
oncogene (7). DEPTOR is capable of inhibiting mTORCI1
signaling and activation of mTORC?2 signaling (8-10). As the
downstream signal of DEPTOR, mTORC?2 protein complex
displays PDK-2 activity leading to serine 473 phosphorylation
and overactivation of the PI3K/Akt pathway (11,12). Many key
functions of PI3K/Akt signaling, such as genetic mutations
of kinases and regulatory proteins, epigenetic alterations and
post-translational modifications, have already been confirmed
by in vitro studies and clinical data in thyroid cancer and a
wide variety of other tumors (13-15). The significant role of
DEPTOR in regulating tumor growth and progression indi-
cates that it may closely correlate with aggressive clinical
behaviors of DTC.

However, the expression level of DEPTOR in DTC is largely
unknown and the role of DEPTOR in clinical progression
remains to be established. Therefore, we evaluated DEPTOR
expression on the mRNA and protein level in thyroid cancer
cell lines and tissues to clarify its diagnostic or prognostic
value in human DTC.

Materials and methods

Cell culture. Cell lines were obtained from the Key Laboratory
of Cancer Proteomics, Ministry of Health of China and Xiangya
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Cell Biology Institute of Central South University. The normal
thyroid follicular epithelial cell line, Nthy-ori 3-1, the papil-
lary cancer cell lines, BCPAP, TPC-1, and the follicular cancer
cell line, WRO, were cultured in RPMI-1640 (Gibco/BRL,
Gaithersburg, MD, USA) with 2 mM L-glutamine, 10% fetal
bovine serum (FBS) (Gibco), 100 U/ml penicillin and 100 mg/
ml streptomycin. The follicular cancer cell line, FTC-133, was
cultured in DMEM/Ham's F12 medium (Gibco) with 2 mM
L-glutamine, 10% FBS, 100 U/ml penicillin and 100 mg/ml
streptomycin. All cells were grown in a humidified incubator
with 5% CO,at 37°C.

Patients (real-time PCR and Western blot analysis). In
total, 30 matched paired thyroid cancer tissues and normal
surrounding thyroid tissues (distant areas away from primary
DTC) were derived from 30 patients (8 male, 22 female;
mean age 48 years, range from 21 to 65 years; 24 papillary
carcinoma, 6 follicular/follicular variant of papillary carci-
nomas) in the Second Xiangya Hospital from April 2008 to
October 2010. A total of 7 extrathyroid invasive and 6 distant
metastastic tissues were obtained collectively from 7 of the
30 DTC patients. All the tissue samples were stored at -80°C
until extraction of total mRNA and protein.

Real-time PCR. Total RNA was extracted from cell lines
and tissues with the TRIzol RNA extraction kit (Gibco). For
cDNA synthesis, total RNA (2 ug) was reverse transcribed
with the reverse transcriptionase polymerase chain reaction
(RT-PCR) high plus kit (Toyobo Co., Ltd., Osaka, Japan).
All quantitative PCRs were carried out using the ABI
PRISM 7500 Sequence Detector Thermocycler (Applied
Biosystems, Carlsbad, CA, USA) and SYBR® Premix Ex
Taq™ (perfect real time) (Takara Shuzo, Shiga, Japan),
PCR was performed in 20 pl total volume for each sample,
containing 0.4 pl forward primer, 0.4 ul reverse primer,
10 u1 SYBR Premix Ex Taq, 0.4 ul ROX reference dye,
2 ul cDNA and 6.8 ul dH,0O. The PCR conditions were as
follows: initial denaturation at 95°C for 10 sec, followed by
40 cycles of denaturation at 95°C for 5 sec and annealing/
extension at 60°C for 30 sec. Human housekeeping gene
primer set (Takara, Ohtsu, Japan) was used to select stably
expressed reference genes. Gene expressions for DEPTOR
were normalised to geometric mean of the expression of the
3 housekeeping genes, ACTB (f-actin), RPS18 (ribosomal
protein S18) and GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) (16-18). The DEPTOR primers used were as
follows: forward, 5"TTTGTGGTGCGAGGAAGTAA-3" and
reverse, 5'-CATTGCTTTGTGTCATTCTGG-3' (7).

Western blot analysis. Whole protein from tissues and
cell lines was prepared in RIPA buffer containing 50 mM
Tris-HCI, pH 7.3, 150 mM NaCl, 2% NP-40, 0.5% deoxy-
cholate, 2 mM EDTA, 2 mM NaF, and 1% Protease Inhibitor
Cocktail (Pierce, Rockford, USA). Protein concentration was
assessed by the Bradford assay (Bio-Rad, Hercules, CA, USA).
Total protein (100 pg) was separated by 10% SDS-PAGE and
transferred to polyvinylidene difluoride filters (Millipore,
MA, USA). Membranes were blocked in 5 mg/ml non-fat milk
and incubated with monoclonal antibodies as follows: mouse
anti-human DEPTOR monoclonal antibody (1:500, Abnova
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Corporation, clone 5B3, Taipei City, China) or GAPDH
(1:500, Sigma-Aldrich, St. Louis, MO, USA). The membranes
were then incubated with horseradish-peroxidase-conjugated
secondary antibodies (1:2000; KPL, Gaithersburg, MD, USA)
and visualized with enhanced chemiluminescence detection
reagents (Pierce).

Patients (tissue microarray). A total of 114 consecutive DTC
patients who had received thyroidectomy in Second Xiangya
Hospital and Hunan Cancer Hospital from May 1996 to
October 2010 were enrolled, and /the specimens were assessed
with tissue microarray analysis. The tissue blocks included
67 normal surrounding thyroid tissues (distant areas away
from DTC), 114 DTC tissues (84 papillary, 30 follicular/follic-
ular variant of papillary carcinomas), 12 extrathyroid invasive
and 7 metastastic tissues. The patients were followed-up at
3-month intervals, for a minimum period of 15 months and a
maximum period of 14 years. All available clinicopathological
data and follow-up data were recorded.

Tissue microarray. The specimens were fixed in 10% formalin
and embedded in paraffin blocks. Triplicate tissue cores
with 0.6 mM diameter were punched out of each sample
and transferred to a recipient block by using MTA-II tissue
microarray instrument (Beecher Instruments, Sun Prairie, W1,
USA). Typical lesions corresponding to DTC tumor, normal
surrounding, invasive tumor and metastatic tissues were
selected according to hematoxylin and eosin staining.

Immunohistochemical staining (IHC). Consecutive 4-ym
sections were cut from the TMA paraffin blocks. Slides were
boiled in 0.01 M citrate buffer (pH 6.0) for antigen retrieval.
After blocking with peroxide and 5% BSA, the slides were
incubated with mouse anti-human DEPTOR monoclonal anti-
body (1:500, Abnova, Taipei City, China) and visualized with
the EnVision™ FLEX System (Dako, Glostrup, Denmark).

IHC scoring and evaluation. To account for staining percentage
and intensity of DEPTOR, H-score was used for DEPTOR
immunohistochemistry scoring (19,20). The DEPTOR staining
intensity was scored as: 3+ (strong staining), 2+ (moderate
staining), 1+ (weak staining), or O (no staining) and weighted
by the corresponding percentage. A score range from 0-300
was obtained using the formula: H-score = 3 x percentage
of strong staining + 2 x percentage of moderate staining +
1 x percentage of weak staining.

To divide samples into DEPTOR-positive and -negative
groups, the cut-off scores for DEPTOR expression were
selected based on receiver operating characteristic (ROC)
curve analysis. The DEPTOR H-score for maximum sensi-
tivity and specificity was selected as the cut-off score leading
to the greatest number of correctly classified tumors with or
without the clinical outcome (21).

Statistical analysis. All continuous data were presented as
the means + SD. Continuous variables were tested by the
Student's t-test. Categories were compared with the y* test
or Fisher's exact test. Measurement data of two independent
samples were compared by the Wilcoxon signed-rank test.
Univariate survival analysis was estimated by the Kaplan-
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Figure 1. Expression of DEPTOR in cell lines. (A) Relative DEPTOR mRNA
levels to the geometric mean of the three reference genes in the normal thyroid
cell line, Nthy-ori 3-1, the papillary cancer cell lines, BCPAP and TPC-1, and
the follicular cancer cell lines, WRO and FTC-133, by real-time PCR analysis.
(B) Western blot analysis of DEPTOR protein levels in four DTC thyroid
cancer cell lines and normal thyroid epithelial cells were compared. PCR and
Western blot analysis experiments were all performed in triplicate. 'P<0.05.

Meier method and disease-free survival was compared by the
log-rank test. Multivariate analysis by the Cox proportional
hazard regression model was used to identify independent
prognostic factors in predicting overall cumulative survival.
All statistical analyses were performed using statistical soft-
ware (SPSS 17.0 for Windows, SPSS, Inc., Chicago, IL, USA).
A value of P<0.05 was considered statistically significant.

Results

Expression of DEPTOR in thyroid cancer cell lines. We first
determined the DEPTOR expression of the normal thyroid
follicular epithelial cell line, Nthy-ori 3-1, the papillary
cancer cell lines, BCPAP and TPC-1, and the follicular
cancer cell lines, WRO and FTC-133, by real-time PCR
and Western blot analysis. We observed that the DEPTOR
mRNA level was significantly higher in the thyroid cancer
cell lines, BCPAP, TPC-1 and WRO, than in the normal
thyroid cell line, Nthy-ori 3-1 (all P<0.05), but no marked
difference was observed between FTC-133 and Nthy-ori 3-1
(P=0.067; Fig. 1A). Western blot analysis results revealed that
DEPTOR protein was overexpressed in the four DTC cell
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Figure 2. Expression of DEPTOR in DTC tissue samples. (A) DEPTOR mRNA
levels relative to the geometric mean of the three reference genes among 30
matched pairs of DTC and corresponding normal tissues, 7 extrathyroid inva-
sion and 6 metastasis tissues. (B) Western blot analysis of DEPTOR protein
level in stepwise metastatic-capability DTC tissues. "P<0.05.

lines, compared to the thyroid follicular epithelial cell line,
Nthy-ori 3-1. BCPAP cells displayed the highest DEPTOR
expression among the four DTC cells tested, followed by
TPC-1, WRO and FTC-133 (P<0.05; Fig. 1B).

Expression of DEPTOR in thyroid cancer tissues. To examine
DEPTOR mRNA expression in DTC tissues, 30 matched pairs
of DTC tissues and the corresponding normal thyroid tissues
were evealuated using real-time PCR. The results revealed that
the expression level of DEPTOR mRNA in DTC tissues was
significantly higher compared to normal tissues, (0.20+0.09
vs. 0.08+0.03,P=0.013, Fig. 2A). Similarly, DTC tissues exhib-
ited higher protein levels of DEPTOR protein than normal
tissues (0.62+0.05 vs. 0.06+0.01, P<0.001; Fig. 2B). DEPTOR
mRNA levels were observed to be positively correlated with
protein levels by Pearson's analysis (r=0.682, P=0.035). The
corresponding 7 extrathyroid invasive and 6 distant metasta-
stic tissues exhibited higher DEPTOR levels than the primary
DTC tissues (all P<0.05).

DEPTOR exhibited cytoplasmic staining located in
the two subtypes of DTC. The distribution of the DEPTOR
staining intensity was compared by the Wilcoxon signed rank
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Figure 3. Representative DEPTOR IHC images and staining H-score in DTC and normal thyroid tissues. (A) Strong cytoplasmic DEPTOR staining in DTC
(scored as 34). (B) Moderate cytoplasmic DEPTOR staining in DTC tissues (scored as 2+). (C) Weak cytoplasmic DEPTOR staining in DTC tissues (scored
as 14). (D) No cytoplasmic DEPTOR staining in normal thyroid tissue (scored as 0). Original magnification, x400. (E) Immunohistochemistry cytoplasmic
DEPTOR staining H-score in normal, DTC, extrathyroid invasive and metastatic tissues. (F) Comparison of the immunohistochemical cytoplasmic DEPTOR

staining H-scores between recurrent and non-recurrent cases in 114 DTC cases.

Table I. Distribution of DEPTOR staining intensity in normal
thyroid and thyroid cancer tissues.

DEPTOR  Normal DTC Invasive Metastatic

staining tissues tissues
(n=67) (n=114) (n=12) (n=7)

0 13 0 0 0

1+ 22 35 1 1

2+ 29 54 5 1

3+ 3 25 6 5

test. As shown in Table I, strong or moderate cytoplasmic
staining intensity of DEPTOR was less frequently observed in
normal surrounding thyroid tissues than in the DTC, invasive
or metastatic tissues (all P<0.05).

The cytoplasmic DEPTOR H-score was gradually
increased in the DTC tissues (147.22+58.51), compared to the
extrathyroid invasive (207.51+46.03) and metastatic tissues
(217.31+£37.05), significantly higher than normal surrounding
tissues (58.09+39.49, all P<0.05, Fig. 3E). No discrepancy was
observed between extrathyroid invasive and metastatic tissues
(P=0.183).

Positive DEPTOR expression correlates with clinicopatho-
logical characteristics and poor prognosis. To evaluate
prognostic value of DEPTOR, we categorized 114 tumor
specimens into DEPTOR-positive and -negative groups by a
cut-off value. The cut-off score was selected as 71 based on
ROC curve analysis and the area under the ROC curve (AUC)
of the ROC curves was 0.782. The y* test was performed to
confirm correlations between DEPTOR protein expression
and clinicopathological characteristics. The results indicated
that high DEPTOR expression in DTC correlated with lymph
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Table II. Association between DEPTOR expression and clini-
copathological data in differentiated thyroid carcinoma.

Characteristics Total DEPTOR- DEPTOR- P-value
negative  positive
n=114) (0=27) n=87)
Age (years)
<40 28 8 20 0.484
=40 86 19 67
Gender
Male 32 5 27 0.206
Female 82 22 60
Tumor size (cm)
<1.0 69 14 55 0.291
>1.0 45 13 32
Cancer type
Papillary 84 16 68 0.051
Follicular 30 11 19
Grade
Well 79 20 59 0.508
Moderate 23 5 18
Poor 12 2 10
Lymph node status
Positive 81 10 71 <0.001
Negative 33 17 16
Extrathyroid extension
Yes 16 9 7 0.002
No 98 18 80
Distant metastasis
MO 89 16 73 0.007
Ml 25 11 14

node status (P<0.001), extrathyroid extension (P=0.002) and
distant metastasis (P=0.007). No significant correlations were
observed in other variables (Table II).

Ofthe 114 DTC patients, 38 cases recurred post-operatively,
which exhibited a higher cytoplasimic DEPTOR H-score
than the other 76 cases with no recurrence (126.78+48.80
vs. 191.02+36.11, P=0.012; Fig. 3F). Furthermore, we noted
that patients in the high DEPTOR expression group had
poorer prognoses than those in the low DEPTOR expres-
sion group. The DEPTOR-positive group exhibited a higher
post-operational recurrence/metastasis rate than the DEPTOR-
negative group (log-rank test, P=0.029; Fig. 4A). Finally, the
DEPTOR-negative group had a longer survival than the posi-
tive cases (log-rank test, P=0.016; Fig. 4B).

Prognostic value of DEPTOR. Clinical prognostic scoring
factors for the prognostic assessment were selected according
to the schemes of the European Organisation for Research
and Treatment of Cancer (EORTC) and TNM 5" edition,
including age, tumor size, grade, lymph node status, extrathy-
roid extension and metastasis. Of all the clinicopathological
characteristics, univariate survival analysis of relapse-free
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Figure 4. Kaplan-Meier curves of disease-free and overall survival in
114 cases of DTC patients according to the expression of DEPTOR. (A) DTC
patients in DEPTOR-positive group have poorer disease-free survival than
those in the DEPTOR-negative group (Log-rank test, P=0.029). (B) DTC
patients in DEPTOR-positive group also have poorer overall survival than
those in the DEPTOR-negative group (Log-rank test, P=0.016).

survival demonstrated that DEPTOR expression, age, lymph
node status and distant metastasis reached statistical signifi-
cance (Table IIT). The Cox multivariate regression analysis
confirmed the independent prognostic value of DEPTOR
for disease-free survival (HR=1.863; 95% CI, 1.397-2.491,
P=0.003; Table III).

Discussion

High levels of DEPTOR have been reported in multiple
myeloma and paclitaxel-resistant ovarian cancer cell lines
(22,23). In view of the potential function of DEPTOR in the
development of human cancer, it is necessary to establish the
role and clinical significance of DEPTOR. Due to the rare
cases of medullary and anaplastic carcinoma, evaluation of
DEPTOR expression and clinical value focused only on the
DTC histological type in this study. However, the data clearly
support the hypothesis that DEPTOR is up-regulated in DTC
cell lines and tissues, which is in accordance with previous
studies on multiple myeloma. Additionally, an increased
expression and frequent presence of DEPTOR expression was
observed in parallel with the stepwise metastatic potential
of DTC, extrathyroid invasive and metastastic tissues, which
constitutes clear evidence of the role of DEPTOR in tumor
progression.
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Table III. Univariate and multivariate analyses of recurrence-free survival.

Univariate analysis

Multivariate analysis

Characteristics HR 95% CI P-value HR 95% CI P-value
DEPTOR expression

Negative vs. positive 1.793 1.286-2.331 0.001 1.863 1.397-2.491 0.003
Age (years)

<40 vs. 240 1.395 0.759-2.053 0.005 1.425 0.922-2.196 0.012
Tumor size (cm)

<1.0vs.=1.0 2279 1.608-3.010 0.320
Grade

Well/moderate vs. poor 1.632 0.775-2.541 0.254
Lymph node status

No vs. yes 1.877 1.305-2.339 0.011 1.991 1.452-2.735 0.045
Extrathyroid extension

No vs. yes 1.335 1.397-2.491 0.058
Distant metastasis

MO vs. M1 1.448 0.870-2.052 0.001 1.582 0.975-2.561 0.064

HR, hazard ratio; CI, confidence interval.

Notably, the expression of DEPTOR mRNA in one of the
DTC cell lines was not consistent with the high level of protein.
Meanwhile, a minority of DTC tissues showed low DEPTOR
mRNA levels. We carefully selected a geometric mean of the
three housekeeping genes as the relative reference to elimi-
nate the error and confirm the discrepancy. We postulate that
a post-translational mechanism may be responsible for the
discrepancy between the mRNA and protein levels. In certain
DTC cases, DEPTOR protein is cytoplasmically enriched
by re-synthesis and reduced degradation, indicating that the
ubiquitin-mediated protein system may act as an upstream
regulator of DEPTOR (24-26).

By comparison of the cytoplasmic H-scored staining in
114 DTC cases, we observed a significantly higher H-score of
DEPTOR in recurrent cases, thus indicating its influence on
the recurrence of DTC. Therefore, the advantages of DEPTOR
as a tool to predict the long-term survival may be established.
This study demonstrates that DEPTOR overexpression was
related to lymph node status, extrathyroid extension and
distant metastasis. Furthermore, the significance of DEPTOR
as a prognostic factor of human DTC has been confirmed.
The relapse-free survival analysis data showed a correlation
between accumulations of DEPTOR protein and reduced
relapse-free survival and overall survival of DTC patients.
Although the number of DTC patients analyzed in this study
was small, the observation of the clinical correlation of
DEPTOR as a novel prognostic indicator of human DTC is
significant.

In conclusion, this is the first study to investigate the expres-
sion of DEPTOR in human DTC. The initial results provide
evidence that DEPTOR is associated with clinical progression
behaviors in human DTC. DEPTOR protein expression was
significantly and independently associated with shortened

relapse-free survival, which suggests its use as a prognostic
marker for recurrence and metastasis of DTC.
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