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Abstract. p38 mitogen-activated protein kinase (MAPK) 
signaling has been implicated in the cancer development and 
progression. However, the precise mechanism of this associa-
tion remains unknown. The aim of the present study was to 
evaluate the association between p38 and cancer progression, 
including investigations into the effects on cell proliferation, 
resistance to thalidomide, indoleamine 2,3-dioxygenase 
(IDO) expression and prognosis in patients with esophageal 
cancer. The present retrospective study included patients with 
stage I-III esophageal cancer. A total of 228 patients with 
esophageal cancer were recruited to analyze the expression 
of phosphorylated (p)-p38 and IDO in tumor, and normal 
tissues through immunohistochemistry. Depression status 
was measured using the Zung Self-Rating Depression Scale. 
P38 cDNA was transfected into esophageal cancer cells to 
assess tumor cell viability, sensitivity to thalidomide treat-
ment and IDO gene expression. Western blotting and flow 
cytometry was used to analyze protein expression alterations, 
and apoptosis in esophageal cancer cells. P-p38 protein was 
expressed in 68.9% of cancer tissues, and was significantly 
associated with depressive symptoms, tumor recurrence and 
poor survival of patients. In vitro experiments revealed that the 
expression of p-p38 induced esophageal cancer Eca-109 and 
TE-1 cell viability, and resistance to thalidomide treatment, 
as well as in the expression of IDO without the application 
of lipopolysaccharides. Further follow-up of patients revealed 
that depression was also an independent factor for early 
recurrence and overall survival rate. Altered p38 MAPK 
expression was associated with poor outcome in patients with 
esophageal cancer. p38 may be a potential biomarker for the 

prediction of depressive symptoms and prognosis in patients 
with esophageal cancer.

Introduction

Esophageal cancer (EC) is one of the leading causes of mortality 
worldwide due to the majority of patients presenting with the 
advanced stage of the disease at the time of diagnosis and the 
high incidence of early recurrence following treatment (1). 
Surgical resection is one of the primary components of multi-
modality treatment, which unavoidably reduces the quality of 
life, particularly due to complications, including anastomotic 
leakage and stenosis (2). Even with the advancement in treat-
ment options, the 5-year survival rate of EC remains low (3,4). 
As a result, there is a requirement for an effective biomarker 
for early detection, the development of targeted anticancer 
therapies and prognostication. Furthermore, a more detailed 
knowledge of the signaling pathways associated with tumor 
malignancy would aid in understanding tumor biology and 
individualizing treatment.

Depression is one of the common psychological disor-
ders observed in patients with cancer, with its prevalence 
varying between 7.2 and 25.7% in patients with the advanced 
stage (5,6). Depression in EC not only reduces the quality of 
life, but also shortens survival time and prolongs hospital-
ization (7,8). However, in the majority of cases, depression 
remains undiagnosed and untreated. The mechanism involved 
in the development of depression remains unknown (9). 
Nowadays, although several genes involved in the occurrence 
and prognosis of depression are known, further information is 
warranted (10).

The p38 mitogen-activated protein kinase (MAPK) 
signa ling pathway can be activated by dual phosphorylation 
mediated primarily by MAPK kinase 3 (MKK3) and MKK6 
in response to a range of cell stresses, and inflammatory 
cytokines (11). p38-MAPK signaling has been implicated in 
the regulation of processes that lead to the development and 
progression of a variety of cancer types (12,13). Furthermore, 
in certain other tumor types, the inhibition of p38 enhances 
sensitivity to chemotherapy (14,15), suggesting that p38 may 
serve as an oncogene in cancer progression. However, the 
function of p38 in esophageal cancer remains unclear (16,17). 
Zhong et al (18) reported that p38/p21 participates in 
obatoclax-induced G1/G0 arrest in esophageal cancer in vitro 
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independent of extracellular regulated kinase 1/2. However, 
whether or not p38 is able to regulate other biological effects 
remains unknown. In the present study, the role of p38 MAPK 
in the development and progression of esophageal cancer was 
investigated in vitro in order to determine its clinical signifi-
cance.

Several studies have demonstrated that indole-
amine 2,3-dioxygenase (IDO) (19,20), a well-known 
depression-associated gene, can be upregulated by interferons 
and lipopolysaccharides (LPS) via the p38 MAPK signaling 
pathway (21-23). In the present study, whether or not p38 
MAPK can increase the expression of IDO directly and 
aggravate clinical depression in esophageal cancer, was also 
examined.

Materials and methods

Tissue samples. A total of 228 surgically resected, unifocal, 
primary human esophageal cancer tumor samples (age 
range, 37‑78; 177 male and 51 female) were prospectively 
collected from The Oncology Surgery Department of The First 
Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) 
between January 2005 and August 2009. The present study was 
approved by the Ethical Conduct in Human Research Committee 
of the First Affiliated Hospital of Xi'an Jiaotong University, and 
all 228 patients signed written informed consent forms. All 
228 tissue samples with matched distant noncancerous esopha-
geal tissue samples were histologically diagnosed. Samples were 
snap-frozen in liquid nitrogen following resection and stored in 
liquid nitrogen until use. Tumor stages and histological grades 
were recorded using the classification guidelines of the American 
Joint Committee on Cancer 7 (24). Among these 228 patients, 
214 patients with esophageal cancer were surgically treated with 
the same therapeutic strategy; that is, complete tumor resection 
with negative margins (R0 resection) and extensive lymphade-
nectomy. The remaining 14 cases were at stage IV of the disease 
and underwent palliative surgery. Furthermore, following 
surgery all patients received postoperative chemotherapy with 
5‑fluorouracil (5-FU; 425 mg/m2 5-FU daily on days 1-5, cycled 
every 28 days), leucovorin (20 mg/m2 of leucovorin on days 1-5), 
and 45-50 Gy of radiotherapy (1.8 Gy/day). Patients with only 
palliative surgery or recurrent disease were treated with ECF 
adjunctive treatment (50 mg/m2 of Epirubicin on day 1, 60 mg/m2 
of cisplatin on day 1, 200 mg/m2 of 5-FU continuous infusion 
over 24 h daily on days 1-21 for three cycles). All patients were 
followed up on a regular basis for >60 months or until mortality. 
The last follow-up was conducted in March 2015.

Immunohistochemistry. All tissue specimens were fixed in 10% 
buffered formalin at 37˚C for 12 h and embedded in paraffin 
for preparation of consecutive 4-µm thick sections. For immu-
nohistochemistry, tissue sections were first deparaffinized 
and rehydrated, subjected to an antigen retrieval treatment 
with a pressure cooker, and incubated with 10% normal 
goat serum (Qcbio S&T Co., Ltd., Shanghai, China) at room 
temperature for 30 min to block potential non‑specific binding 
of the secondary antibody. Sections were then incubated with 
a primary mouse anti-human anti-phosphorylated (p)-p38 
antibody (cat. no. H00001432‑M01, 1:2,500; Abnova, Walnut, 
CA, USA) at 4˚C overnight. On the following day, the sections 

were washed with PBS and further incubated with a secondary 
goat anti‑mouse IgG at a dilution of 1:200 (cat. no. A‑11029; 
Pierce; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
for 30 min at room temperature and with 3,3'‑diaminoben-
zidine for 15 min at room temperature as a chromogen. The 
sections were finally counterstained with hematoxylin solu-
tion for 5 min at room temperature, dehydrated and covered 
with coverslips. All stained sections were independently 
evaluated by two investigators and agreement was reached 
following careful discussion, if discrepancies occurred. P-p38 
was scored by the multiplication of the percentage of positive 
tumor cells and staining intensity as described in our previous 
study (25). The percentage of positive cells was scored as: 
0, 0‑15%; 1+, 16‑30%; 2+, 31‑60%; and 3+, 61‑100%. Intensity 
of staining was graded as follows: Grade 0, negative; 1+, weak 
positive; 2+, moderate positive; and 3+, strong positive (24). 
According to these immunohistochemical scores, p-p38 
expression was then divided into two groups: Negative or 
weak p‑p38 expression (score ≤3); and positive or strong p‑p38 
expression (score ≥4; Fig. 1). Images of the stained sections 
were obtained using a light microscope (BX51) equipped with 
a digital camera (PD71; Olympus Corporation, Tokyo, Japan).

Cell lines, culture, gene transfection and treatment. Human 
esophageal cancer Eca-109 and TE-1 cell lines were obtained 
from The Type Culture Collection of the Chinese Academy 
of Sciences (Shanghai, China). Cells were cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% heat-inactivated fetal bovine serum 
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA), 
100 U/ml of penicillin and 100 mg/ml of streptomycin (both 
from Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 5% 
CO2 incubator. In order to manipulate gene expression in cells, 
plasmids carrying p-p38 cDNA were separately transfected 
into these two esophageal cancer cell lines using X-treme HP 
(Roche Applied Science, Mannheim, Germany), according to 
manufacturer's instructions. After 48 h of transfection at 37˚C, 
G418-sulfate (700 ng/µl for Eca-109 and 800 ng/µl for TE‑1; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
added to the cell culture medium throughout the experiment. 
Cells were fed three times weekly and periodically assessed by 
western blotting to ensure transgene expression. Thalidomide 
(25 mg/tablet; ChangZhouZhiYao Jiangsu, China) was 
ground, dissolved, filtered and adjusted to 2,000 mM with 
RPMI-1640 medium. Prior to treatment, the thalidomide was 
diluted into 200 mM, and incubated for ≤72 h prior to testing. 
SB203580 (S8307; Sigma‑Aldrich; Merck KGaA) was diluted 
using dimethyl sulfoxide into 1,000 µg/ml and further diluted 
into 0.05 µg/ml using RPMI-1640 medium prior to cell p38 
blocking incubation for 8 h.

Protein extraction and western blot analysis. Cells were lysed 
with modified RIPA buffer (50 mM of Tris, 150 mM of NaCl, 
1% Triton X-100, 1% sodium deoxycholate, and 0.1% SDS) 
containing 25 µg/ml of leupeptin, 1 mM of sodium orthovana-
date, 2 mM of EDTA and 1 mM of phenylmethylsulfonyl 
fluoride. The concentration of the protein samples was deter-
mined using a BCA kit (Beyotime Institute of Biotechnology, 
Beijing, China). A total of 20 µg of each protein sample was 
loaded onto an 8% SDS-PAGE gel, electrophoresed and blotted 
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onto a polyvinylidene difluoride membrane (Sigma‑Aldrich; 
Merck KGaA). The membranes were blotted with the first anti-
body (anti‑p‑p38) overnight at 4˚C (cat. no. AM063; Beyotime, 
Zhejiang, China), anti‑IDO (cat. no. H00003620‑B01P; Abnova, 
Walnut, CA, USA), anti-Ku80 (cat. no. BS2692; Bioworld 
Technology, Inc., St. Louis Park, MN, USA) and anti-β-actin 
antibody (cat. no. MAB12983; Abnova) and with a secondary 
antibody at room temperature for 1 h. Immunoreactivity was 
detected using an enhanced chemiluminescence system (Xi'an 
Jiaotong University) and normalized to β-actin.

Cell viability assay. Cell viability was assessed using an MTT 
assay. Cells with stably transfected p-p38 and 48 h of transfec-
tion with plasmid were seeded into 96-well plates at a density 

of 3x103 cells/well, and treated with or without thalidomide at 
0.2 mg/l for ≤3 days. At the end of the experiments, 20 µl of 
MTT (0.5 mg/ml in PBS) were added to the cells, incubated 
for 4 h at 37˚C, the growth medium was discarded, and 100 µl 
of DMSO was added into each well. Following agitation for 
10 min at 37˚C on a shaker, the absorbance rate was read 
at 550 nm with a scanning microtiter (PerkinElmer, Inc., 
Waltham, MA, USA). Data was summarized as the percentage 
of control compared with untreated cells.

Cell apoptosis analyses. Apoptosis in these cells treated with or 
without thalidomide was evaluated using flow cytometric tech-
niques using an Annexin V-FLUOS Staining kit (Roche Applied 
Science), according to manufacturer's instructions.

Table I. Associations between p38 expression and clinicopathological features from patients with esophageal cancer (n=228).

Variables No. of cases p-p38-positive P-value (univariate) P-value (multivariate) Risk ratio (95% CI)

Age (years)   0.116
  ≤59 134 86 (64.1)
  >59 94 71 (75.5)
Sex   0.08
  Male 177 127 (71.8)
  Female 51 30 (58.8)
Histological types   0.558
  Squamous 206 142 (68.9)
  Adenocarcinoma 22 15 (68.2)
Invasion   0.032 0.171
  T1 22 12 (54.5)
  T2 31 18 (58.1)
  T3 131 92 (70.2)
  T4 38 33 (86.8)
Lymph node   0.048 0.955
  N0 127 83 (65.4)
  N1 83 59 (71.1)
  N2 18 15 (83.3)
Metastasis   0.024 0.086
  Negative 212 144 (67.9)
  Positive 16 13 (81.2)
Depression status   0.001 0.040 2.382 (0.503-2.978)
  None 38 16 (42.1)
  Mild 31 15 (48.4)
  Modest 76 59 (77.6)
  Severe 60 47 (78.3)
Chemotherapy   0.323
  CR 16 12 (75.0)
  PR 64 43 (67.2)
  SD 40 27 (67.5)
  PD 70 57 (81.4)
Recurrence   0.003 0.38
  OS   <0.001 <0.001 0.903 (0.029-12.623)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; OS, overall survival time.



CHENG et al:  p38 PREDICTS DEPRESSION AND POOR OUTCOME IN ESOPHAGEAL CANCER7244

ELISA test. ELISA kits (Applygen Technologies, Inc., Beijing, 
China) were used in order to test glucose consumption 
between parental esophageal cancer cells and p38-transfected 
ones. Glucose levels were determined in the supernatant of the 
medium at 0, 24, 48 and 72 h. Glucose levels were determined 
using the glucose oxidase method (26), according to manufac-
turer's instructions. Furthermore, 2‑deoxy‑D‑glucose (2‑DG; 
10 mM) was used to block glucose metabolism (16,27) and the 
dependence to glucose consumption was analyzed.

Statistical analysis. The χ2 test was performed to compare the 
expression of p-p38 with clinicopathological data from patients. 
Then, Spearman and logistic regression analyses were utilized 
to compare the expression of p-p38 between tumor and adjacent 
normal tissues. Kaplan-Meier curve and logical rank test were 

used to analyze survival data of the patients. All in vitro data are 
presented as the mean of ≥3 individual experiments ± standard 
error of the mean, which was statistically analyzed using the 
Student's t‑test. All statistical analyses were conducted using 
SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Protein expression of p38 is associated with poor clinical 
outcome of esophageal cancer patients. In the present study, 
the protein expression of p38 was detected in a total of 
228 patients with esophageal cancer, and the corresponding 
normal tissues were analyzed using immunohistochem-
istry. It was identified that the protein expression of p38 

Figure 1. Immunohistochemical analysis of p-p38 expression in (A) EC and (B) paired normal tissue samples. Positive staining is indicated by a brown nuclear 
color. Kaplan-Meier curve analyses for (C) disease-free and (D) overall survival of patients with EC with regards to p-p38. Kaplan-Meier curve analyses for 
(E) disease‑free and (F) overall survival of patients with EC with regards to depression. EC, esophageal cancer; cum, cumulative.
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was significantly upregulated in esophageal cancer tissues, 
compared with paired non-cancerous tissues (Fig. 1); that is, 
p38 protein was expressed in 157/228 (68.9%) esophageal 
cancer tissues, whereas 35/228 (15.4%) matched adjacent 
non-cancer tissues were p38-positive (P<0.01). Furthermore, 
p38 expression was identified to be significantly associated with 
tumor invasion (P=0.032), lymph nodes metastasis (P=0.048), 
tumor recurrence (P=0.003), depression (P=0.001) and overall 
survival (P<0.01) of patients with esophageal cancer (Table I). 
In addition, multivariate analysis revealed that p38 was associ-
ated with overall survival and depression (Table I).

Kaplan-Meier curve analysis was performed, and the data 
revealed that p38 expression was significantly associated with 

poor overall (P=0.03) and disease-free (P=0.009) survival rates 
for patients with esophageal cancer. In addition, survival was 
affected by metastasis (P=0.001), depression (P=0.002) and 
chemotherapy (P<0.01) based on log-rank survival analysis 
(Tables II and III). Multivariate stepwise logistic regression 
analyses revealed that the protein expression of p38, tumor 
invasion and depression were all independent predictors for 
the survival time of patients.

Transfection of p38 increases cell proliferation and glucose 
dependence in esophageal cancer cell lines Eca‑109, and TE‑1. 
As previously reported (18), p38 can enhance cell prolifera-
tion in esophageal cancer cell lines. In order to investigate the 

Table II. Log-rank and Cox proportional hazards regression model of prognostic variables for progress free survival of patients 
with esophageal cancer.

Prognostic variable P-value (univariate) P-value (multivariate) Risk ratio (95% CI)

Age (years) <0.001 0.376
Sex 0.243
Stage (IA-IV) <0.001 0.264
p38 <0.001 0.008 1.534 (0.256-6.814)
  T <0.001 0.001 1.186 (0.359-4.886)
  N <0.001 0.914
  M <0.001 0.025 4.245 (0.158-9.617)
Depression status <0.001 0.056
  Mild  0.327
  Modest  0.045 0.433 (0.361-5.377)
  Severe  0.001 0.455 (0.216-13.365)
Chemotherapy 0.01 0.497

T, tumor; N, node; M, metastasis; CI, confidence interval.

Table III. Log-Rank and Cox proportional hazards regression model of prognostic variables for overall survival of patients with 
esophageal cancer.

Prognostic variable P-value (univariate) P-value (multivariate) Risk ratio (95% CI)

Age (years) 0.001 0.273
Sex 0.433
Stage (IA-IV) <0.01 0.129
p38 <0.01 0.03 1.677 (0.238-4.717)
  T <0.01 0.212
  N <0.01 0.754
  M <0.01 0.001 3.66 (0.406-10.192)
Depression status <0.01 0.002
  Mild  0.128
  Modest  0.02 0.433 (0.361-5.377)
  Severe  <0.01 0.455 (0.216-13.365)
Chemotherapy <0.01 <0.01 1.551 (0.106-17.219)

T, tumor; N, node; M, metastasis; CI, confidence interval.
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potential of p38 to enhance cell growth in esophageal cancer 
cells (Eca-109 and TE-1), cell viability was measured using an 
MTT assay following transfection of the p38 gene. Elevated 
p38 expression increased Eca-109 and TE-1 proliferation in a 
time‑dependent manner. p38 had a definite effect on esophageal 
cancer cell growth. With the upregulation of p38, cell growth 
was promoted at a statistically significant level on days two and 
three (Fig. 2A and B).

Cells with elevated p38 exhibited a significant increase 
in glucose consumption (Fig. 2C and D). This indicates that 
p38 may influence cell glycolysis in esophageal cancer cells 
directly. Growth of Eca-109 and TE-1 was inhibited by 
incubation with 2-DG in a time-dependent manner (Fig. 2E 
and F); the growth of cells with elevated p38 expression was 
inhibited by 34 and 42% using 2-DG at 72 h. Parental Eca-109 
and TE‑1 cells (in which p38 was normal) were significantly 
less sensitive to 2-DG compared with cells with enhanced p38 
expression.

Increased p38 resist esophageal cancer cells to thalido‑
mide‑induced cell death. Since p38 protein is able to regulate 
chemotherapy treatment (26), whether or not p38 expression 
can affect esophageal cancer cell response to thalidomide 
treatment was determined. Following the transfection of 
p38 protein in esophageal cancer cells, treatment 200 mM 

of thalidomide for 72 h decreased the viability of parental 
esophageal cancer cells. The upregulation of p38 in esophageal 
cancer cells significantly reduced the decrease in cell viability 
caused by thalidomide treatment (P<0.05; Fig. 3A and B).

Furthermore, the tumor cell apoptosis assay revealed that 
the average apoptotic cell fraction markedly decreased in 
p38 overexpression cells compared with that in parental cells 
(Fig. 3C). Following treatment with thalidomide for 24 h, cells 
with elevated p38 expression were associated with a decrease 
in apoptosis in Eca-109 (81.9%) and TE-1 (41.2%) cells, 
respectively, compared with parental controls. This finding 
suggests that p38 serves a role in tumor cell resistance to 
thalidomide-induced apoptosis.

In order to discover the mechanism involved in p38-induced 
resistance, Ku autoantigen 80 kDa (Ku80) was detected and 
recruited following DNA fraction. After 48 h of incubation, 
Ku80 in normal cells was markedly lower compared with in 
p38-transfected Eca-109 and TE-1 cells (Fig. 3D), although 
there was no observable difference prior to treatment with 
thalidomide.

P38 expression is associated with higher IDO levels and 
depression. Coltella et al (15) reported that p38 was essential 
in inducing the expression of IDO, a depression associated 
gene. In order to investigate whether or not p38 alone could 

Figure 2. Effects of p38 expression on the regulation of esophageal cancer cell viability. Cell proliferation on MTT assay in esophageal cancer (A) Eca-109 and 
(B) TE-1 cells. Medium glucose detection in different expression levels of p38 on (C) Eca-109 and (D) TE-1 cells. Effect of 2-DG treatment on the growth of 
(E) Eca-109 and (F) TE-1 cells with different expression levels of p38. *P<0.05. 2-DG, 2-deoxy-D-glucose.
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increase IDO expression in esophageal cancer cells, western 
blotting in Eca-109 and TE-1 cells were performed without 
the addition of LPS. Results revealed that IDO expression in 
Eca-109 and TE-1 was markedly upregulated by p38 transfec-
tion compared with in parental cell lines (Fig. 3E). Blocking 
p38 using SB203580 markedly reduced IDO expression 
compared with parental cells (Fig. 3E).

In order to determine whether or not the IDO gene was 
associated with depression, the medical record of 228 esopha-
geal cancer patients were reviewed and the Zung Self-Rating 
Depression Scale was used to assess the status of depression. 
The depression status of 205 patients could be retrieved from 
patients or their relatives. From the data obtained, it was 
identified that 167 patients (81.5%) had depression. Based 
on the analysis, p38 expression was identified to be associ-
ated with depression (P=0.04; Table I). Logistic regression 
analyses revealed that recurrence was associated with poor 
overall (P=0.002) and disease-free (P=0.005) survival rates 
for patients with esophageal cancer (Table II; Fig. 1E and F).

Discussion

In the present study, it was demonstrated that p38 MAPK 
predicts poor prognosis in esophageal cancer and increases 
IDO expression independent of LPS. It was also revealed 
that p38 MAPK mediates cell proliferation, contributes to 

the development of thalidomide resistance in vitro, enhances 
cellular dependence on glucose, and increases p38-MAPK 
upregulated IDO gene expression, which is associated with 
depressive symptoms, as confirmed by multiple studies (28,29).

Recent studies of esophageal cancer on p38-MAPK remain 
limited. Zheng et al (30) reported that in cancer cells in vitro, 
p38 serves as an oncogene that promotes cell growth; while 
at a stage prior to carcinogenesis, it suppress tumor growth. 
Another study focusing on cell cycle revealed that p38 partici-
pates in cancer G1/G0-phase arrest induced by obatoclax (18). 
In other cancer types, p38‑MAPK also served as a paradox; 
in which certain results demonstrated cancer promoting, and 
others revealed suppressive functions of p38 (31). The results 
of the present study in cancer tissue and cells confirmed the 
findings of the aforementioned studies. In addition, the use of 
thalidomide was assessed in order to assess the possibility of 
using this anti-angiogenesis agent as an anticancer drug for the 
treatment of esophageal cancer (32). The results of the present 
study indicated that thalidomide was able to induce apoptosis 
in esophageal cancer cell types Eca-109 and TE-1, although its 
mechanism remains to be elucidated.

Signaling studies on depressive symptoms revealed that the 
expression of IDO or decreased MAP kinase phosphatase 1 in 
the hippocampus contributes to depression (33). In the present 
in vitro study, it was demonstrated that p38-MAPK was not 
only an independent predictor of poor outcome in esophageal 

Figure 3. Effects of p38 expression on the regulation of tumor cell sensitivity to thalidomide treatment. MTT assay for the survival rate of (A) Eca-109 and 
(B) TE-1 cells. (C) Flow cytometric apoptosis assay of Eca-109 and TE-1 cells. (D) Western blotting for Ku80 expression following treatment with or without 
thalidomide in cells with different p38 expression levels. (E) p38 expression in esophageal cancer cells is positively associated with IDO expression. Ku80, Ku 
autoantigen 80 kDa; p, phosphorylated; IDO, indoleamine 2,3‑dioxygenase; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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cancer, but also aggravates cancer-associated depression by 
enhancing IDO expression. In fact, almost half of the patients 
enrolled in the study were not informed that they suffered from 
esophageal cancer, as requested by their relatives, who in these 
cases held power of attorney and therefore medical rights over 
the patient. This may suggest that cancer itself may trigger or 
aggravate depressive symptoms in these patients, whether they 
have knowledge of the disease or not. In addition, the findings 
of the present study suggest that patients with increased p38 
or IDO expression are prone to develop depression and likely 
to require antidepressants. For those with decreased IDO, a 
placebo effect may exist to a certain extent, which requires 
further research (34).

However, it should be noted that the present study was 
retrospective in nature. More detailed medical records and 
follow-ups are required to understand the psychological 
status of these patients. In addition, all factors that contribute 
to cancer-associated depression were not included. In fact, 
a change in eating habits following a surgical operation or 
forbidding a patient to smoke is enough for a patient with a 
heavy addiction to exhibit depressive symptoms, as well as 
surgical complications. These problems could be resolved with 
detailed clinical history, in which more cases would be enrolled 
in our next study. Notwithstanding its limitations, the present 
study does suggest the significance of esophageal‑associated 
depressive symptoms, which may be induced by p38 and IDO 
expression. Furthermore, this study sheds new light on the role 
of p38 and its potential application in the clinic. Further in vitro 
and in vivo studies are required to determine the association 
between p38, IDO, and esophageal cancer in depression.
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