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GR, Sgk1, and NDRG1 in esophageal
squamous cell carcinoma: their correlation
with therapeutic outcome of neoadjuvant
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Abstract

Background: Esophageal squamous cell carcinoma (ESCC) is a highly malignant neoplasm.
The glucocorticoid (GC)-glucocorticoid receptor (GR) pathway plays pivotal roles in cellular response to various
stresses of tumor cells, including chemotherapy. However, the status of the GC-GR pathway in ESCC, including its
correlation with chemotherapeutic responses, is largely unknown.

Methods: GR, serum-and glucocorticoid-regulated kinase 1 (Sgk1), and N-myc down regulation gene 1 (NDRG1)
were immunolocalized in 98 patients with ESCC who had undergone esophagectomy following neoadjuvant
chemotherapy (NAC) with 2 courses of 5-fluorouracil + cisplatin. We also examined biopsy specimens before NAC
in 42 cases and compared the results between those before and after NAC.

Results: Overall survival (OS) of the patients treated with surgery following NAC was significantly shorter in the
group with high GR than that with low GR status (P = 0.0473). Both OS and disease-free survival (DFS) were
significantly shorter in both Sgk1- and NDRG1-high groups than in the low groups (OS: Sgk1, P = 0.0055; NDRG1,
P = 0.0021; DFS: Sgk1, P = 0.0240; NDRG1, P = 0.0086). Biopsy specimens before NAC showed significantly shorter
DFS in the high Sgk1 group (P = 0.0095), while both OS and DFS were shorter in the high NDRG1 group (OS, P =
0.0233; DFS, P = 0.0006) than in the respective low groups. In the high NDRG1 group of biopsy specimens before
NAC, the tumor reduction rate by NAC was significantly attenuated (P = 0.021).

Conclusions: High GR, Sgk1, and NDRG1 statuses in ESCC after NAC was significantly associated with an overall
worse prognosis, with no significant changes in their expression levels before and after NAC. Therefore, increased
activity of the GC-GR pathway with enhanced induction of Sgk1 and NDRG1 in carcinoma cells play pivotal roles in
tumor progression and development of chemo-resistance in patients with ESCC undergoing NAC.
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NDRG1, Chemo-resistance

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: uekinta1986@gmail.com
1Department of Gastrointestinal Surgery, Tohoku University Graduate School
of Medicine, 1-1 Seiryo-machi, Aoba-ku, Sendai 980-8574, Japan
2Department of Pathology, Tohoku University Graduate School of Medicine,
1-2 Seiryo-machi, Aoba-ku, Sendai 980-8574, Japan

Ueki et al. BMC Cancer          (2020) 20:161 
https://doi.org/10.1186/s12885-020-6652-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-020-6652-7&domain=pdf
http://orcid.org/0000-0001-7859-4943
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:uekinta1986@gmail.com


Background
Esophageal cancer is the eighth most common human
malignancy and the sixth most common cause of cancer
deaths worldwide [1]. The standard treatment consists
of surgical resection of locally advanced esophageal
squamous cell carcinoma (ESCC) following neoadjuvant
chemotherapy (NAC) [2]. However, the therapeutic ef-
fects of chemotherapy widely vary among cases, and sat-
isfactory therapeutic outcomes cannot be obtained in
many patients who received NAC [3, 4]. Therefore, pre-
dicting the therapeutic effects of NAC before starting
therapy would enable the patients to avoid unnecessary
chemotherapy and its clinical complications before sur-
gery. Therefore, new therapeutic modes, as well as novel
surrogate markers for predicting the therapeutic efficacy
of NAC, are currently required for patients with locally
advanced ESCC.
The glucocorticoid (GC)-glucocorticoid receptor (GR)

signal pathway is well known to play pivotal roles in cel-
lular response to various stresses [5]. This pathway was
also reported to be involved in the stress response of
tumor cells and simultaneously reduce the effects of
chemotherapy by enhancing cellular response to stress
in various carcinoma cells [6]. However, the correlation
between the activity of the GC-GR pathway and the ef-
fects of chemotherapy has not been reported in ESCC.
GR is one of the members of the nuclear receptor

superfamily. It binds to its ligand (GC), moves into the
nucleus, and regulates the expression of GR-related
genes including serum-and glucocorticoid-regulated kin-
ase 1 (Sgk1), resulting in anti-inflammatory effects and
improving cell survival [7]. In addition, GR was also re-
ported to be more abundant in squamous cell carcinoma
than in other histological types of cancer [8, 9]. Sgk1, a
member of the glucocorticoid-responsive protein kinase
family, is one of the major downstream markers of the
GC-GR pathway and is regulated by steroids, p53,
growth factors, and multiple other factors such as DNA
damages, cell contraction, and oxidative stress [10–13].
Sgk1 is also known to regulate target genes, including
N-myc down regulation gene 1 (NDRG1), which affects
many physiological processes such as cell proliferation,
differentiation, and apoptosis [14–16]. Sgk1 phosphory-
lates downstream NDRG1 and is involved in regulating
tumor cell proliferation, differentiation, migration, and
invasion [17]. However, the status of NDRG1 is also well
known to be extremely varying between different carcin-
oma types. For instance, NDRG1 was reported to be
downregulated in gastric [18] and colon [19] adenocar-
cinoma but upregulated in oral and pharyngeal squa-
mous cell carcinoma [20], cervical adenocarcinoma [21],
hepatocellular carcinoma [22], and non-small cell lung
carcinoma [23]. In ESCC, NDRG1 abundance in carcin-
oma cells was reported to be significantly associated with

less pronounced tumor invasion [24]. NDRG1 was also
recently reported to be symmetrically upregulated in
carcinoma cells and associated with local progression
and poor prognosis in the patients with ESCC [25].
However, the correlations among GR, Sgk1, and

NDRG1 have not been studied simultaneously among
the same ESCC cases. Therefore, in this study, we evalu-
ated the GR, Sgk1, and NDRG1 status in ESCC before
and after NAC, and analyzed the clinical courses of the
patients to assess the therapeutic efficacy of NAC and
prognosis of the disease. We then attempted to clarify
the potential involvement of the GC-GR pathway and
identify markers for predicting the therapeutic efficacy
of NAC before its administration in patients with locally
advanced ESCC.

Methods
Patients
In this study, 98 ESCC patients were examined, all of
whom underwent radical esophagectomy and regional
lymph node dissection following NAC, according to the
Japanese Clinical Oncology Group 9907 (JCOG9907)
protocol at Tohoku University Hospital (Sendai, Japan)
from April 2008 to December 2015 [3]. Among these 98
patients, biopsy specimens obtained prior to NAC were
available in 42 cases. The specimens had been fixed in
10% neutral formalin for 36–48 h at room temperature
and then embedded in paraffin wax. The sections were
histologically examined according to the Eighth Edition
of the Union for International Cancer Control tumor,
node, and metastasis classification system [26]. The sur-
vival time of the patients was determined from the date
of surgery until death, recurrence, or last censor. The
current study protocol was approved by the Ethics Com-
mittee of the Tohoku University School of Medicine
(Accession No. 2017–1-630), and informed consent was
obtained from all patients prior to surgery.

NAC and esophagectomy
Preoperative chemotherapy was performed according to
the JCOG 9907 protocol [3] as follows: continuous infu-
sion of 80 mg/m2 of cisplatin on days 1 and 22 and 5-
fluorouracil (5-FU) 800mg/m2/day, 24 h per day on days
1–5 and 22–26. In addition, 29.7 mg dexamethasone was
administered per course to prevent the potential side ef-
fects of chemotherapy.
The therapeutic effects of preoperative chemotherapy

were evaluated according to the Response Evaluation Cri-
teria in Solid Tumors (RECIST) version 1.1 [27]. The pa-
tients were tentatively classified according to the new
guidelines for determining the therapeutic effects of the
solid tumors as complete response (CR), partial response
(PR), progressive disease (PD), and stable disease (SD)
[27]. According to the evaluation method reported in the
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JCOG 9907 protocol, the sum of the maximum diameter
of the primary lesion and shortest diameter of lymph node
lesions exceeding 1.5 cm were measured before and after
treatment [3]. The maximum diameter of the primary le-
sion in CT following NAC corresponded to the slice mea-
sured by CT before treatment [3]. CR was defined as
disappearance of the primary lesion, PR as reduction by
30% or more in maximum diameter of the primary lesion,
PD as increase by 20% or more in maximum diameter of
the primary lesion, and SD as other than CR, PD, and PR.
A total of 13 cases were excluded from further evaluation
because of difficulties in obtaining these parameters of
clinical measurement. Histopathological tumor regression
was tentatively classified into the following five categories
according to the Japanese Classification of Esophageal
Cancer, eleventh edition: grade 3, markedly effective (no
viable residual tumor cells); grade 2, moderately effective
(less than one-third residual tumor cells); grade 1, slightly
effective (1b, one-third to two-thirds residual tumor cells;
1a, more than two-thirds residual tumor cells); grade 0, in-
effective (no therapeutic effects detected) [28].
For esophagectomy, thoracoscopic esophageal subtotal

excision, gastric tube reconstruction by hand-assisted
laparoscopic technique or open laparotomy, and cervical
esophagogastric anastomosis were performed with re-
gional lymph node dissection.

Immunohistochemistry
Serial tissue sections of 4-μm thickness, containing the dee-
pest area of the tumor invasion, were deparaffinized in xy-
lene, rehydrated in graded alcohol, and immersed in 3.0%
hydrogen peroxide in methanol for 10min at room
temperature to inhibit endogenous peroxidase activity. For
antigen retrieval, the tissue slides for GR, Sgk1, and NDRG1
immunohistochemistry were heated in an autoclave at
121 °C for 5min in 0.01M citrate buffer (pH 6.0). After
washing three times for 5min each in phosphate-buffered
saline (PBS), the reacted slides were incubated in 1% nor-
mal goat serum for 30min at room temperature to reduce
nonspecific antibody binding and then incubated at 4 °C
overnight with rabbit monoclonal antibody against GR
(D6H2L, Cell Signaling Technology, Danvers, MA, USA, di-
luted 1/400), Sgk1 (Y238, Abcam, Cambridge, UK, diluted
1/200), or NDRG1 (EPR5593, Abcam, diluted 1/400). The
reacted sections were then washed three times for 5min
each in PBS, incubated with biotinylated anti-rabbit im-
munoglobulin (Nichirei Biosciences, Inc., Tokyo, Japan),
washed three times for 5min each in PBS, and incubated
with peroxidase-labeled streptavidin (Nichirei Biosciences,
Inc.) for 30min at room temperature. Immunoreactivity
was visualized with 3,3′-diaminobenzidine, and the slides
were counterstained with Mayer’s hematoxylin, dehydrated
in graded alcohol, and cleared in xylene.

Fig. 1 Representative illustrations of GR, Sgk1, and NDRG1 immunohistochemistry. a Low GR status and b High GR status; representative case
showing diffuse and marked immunoreactivity in the nuclei of carcinoma cells. c Low Sgk1 status. d High Sgk1 status; representative case
demonstrating Sgk1 immunoreactivity in the cytoplasm of carcinoma cells. e Low NDRG1. f High NDRG1; representative case demonstrating
NDRG1 immunoreactivity in the cytoplasm and membrane of carcinoma cells
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Evaluation of immunoreactivity
GR immunoreactivity was evaluated in the nuclei of tumor
cells and Sgk1 and NDRG1 in the cytoplasm of tumor
cells. All immunostained slides were independently evalu-
ated by two of the authors (SU and FF) without prior
knowledge of any clinicopathological variables of the pa-
tients. GR immunoreactivity was semi-quantitatively
assessed by H-score or calculating the percentage of
nuclear-stained tumor cells multiplied by the relative
immunointensity (0, negative; 1, weak; 2, moderate; 3,
marked) resulting in a score in the range 0–300 [29]. Sgk1
and NDRG1 immunoreactivity was semi-quantitatively
assessed by immunoreactive score, which was calculated
as the percentage of cytoplasm-positive tumor cells (<
10%: 0, 10–25%: 1, 25–50%: 2, 50–75%: 3, 75–100%: 4)
multiplied by the intensity of immunoreactivity (0:

negative, 1: weak, 2: moderate, 3: marked) resulting in a
score in the range 0–12 [23]. We determined the optimal
H-score and immunoreactive score cut-off values for the
survival outcome of the patients using the receiver operat-
ing characteristic curve method [30] and established
thresholds of 154 for GR, 5 for Sgk1, and 7 for NDRG1.
A score in the range of 0–154 was tentatively consid-

ered as low GR, while that in the range of 155–300 as
high GR. A score in the range 0–5 was also tentatively
classified as low Sgk1, and 6–12 as high Sgk1. A score in
the range 0–7 was tentatively determined as low NDRG1
and 8–12 as high NDRG1.

Statistical analysis
JMP Pro version 13.2.0 software (SAS Institute, Inc., Cary,
NC, USA) was used for all statistical analyses. Continuous

Table 1 post-NAC status of GR, Sgk1, NDRG1 and its correlation with clinicopathological variables

Variable n post-NAC GR
expression

P post-NAC Sgk1
expression

P post-NAC
NDRG1
expression

P

High Low High Low High Low

Age ≧65y.o 62 32 30 35 27 22 40

< 65y.o 36 20 16 p = 0.706 18 18 p = 0.537 16 20 p = 0.380

Gender Male 83 43 40 48 35 32 41

Female 15 9 6 p = 0.559 5 10 p = 0.080 6 9 p = 0.915

pTa pT1a~pT1b 28 12 16 9 19 1 27

pT2~pT4b 70 40 30 p = 0.201 44 26 p = 0.006* 37 33 p < 0.001*

pNa pN0 29 14 15 7 22 9 20

pN1~N3 69 38 31 p = 0.539 46 23 p < 0.001* 29 40 p = 0.308

cMa cM0 94 50 44 49 45 36 58

cM1 4 2 2 p = 0.900 4 0 p = 0.060 2 2 p = 0.638

pStagea pStageI,II 40 20 20 11 29 9 31

pStageIII,IV 58 32 26 p = 0.614 42 16 p < 0.001* 29 29 p = 0.006*

Tumor differentiationa well,moderate 84 47 37 44 40 33 51

poor 10 4 6 p = 0.339 8 2 p = 0.097 5 5 p = 0.517

Unclassifiable 4 1 3 1 3 0 4

Lymphatic invasion Absence 29 14 15 9 20 9 20

Presence 69 38 31 p = 0.538 44 25 p = 0.003* 29 40 p = 0.308

Vessel invasion Absence 18 5 13 6 12 3 15

Presence 80 47 33 p = 0.016* 47 33 p = 0.051 35 45 p = 0.033*

RECIST gradeb CR/PR 28 12 16 10 18 8 20

SD/PD 57 34 23 p = 0.144 38 19 p = 0.007* 28 29 p = 0.072

Indeterminate 13 6 7 5 8 2 11

Histopathological tumor regression gradec Grade0~1a 63 37 26 39 24 27 36

Grade1b~ 2 35 15 20 p = 0.131 14 21 p = 0.037* 11 24 p = 0.267

Total 98 52 46 53 45 38 60

* Statistical significance
a Tumor-node-metastasis (TNM) classification based on the 8th edition of the TNM classification of malignant tumors
b New response evaluation criteria in solid tumors: revised RECIST guideline (version 1.1)
c Histopathological features based on the Japanese Classification of Esophageal Cancer, 11th edition (Japan Esophageal Society 2015)
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data were analyzed using Student t-test or the Mann–
Whitney U test. The relation and correlation between two
variables were identified using the Pearson chi-square test,
Fisher exact test, or Mann–Whitney U test and Wilcoxon
test, as appropriate. Overall survival (OS) and disease-free
survival (DFS) curves were constructed according to the
Kaplan–Meier method and compared using the log-rank
test. The Cox proportional hazard model was used for both
univariate and multivariate analyses. When comparing
paired pair values, the paired two-tailed t-test was used. A
P value < 0.05 was considered statistically significant.

Results
Post-NAC status of GR, Sgk1, and NDRG1 and its
correlation with clinicopathological variables in patients
with ESCC
Representative micrographs showing GR, Sgk1, and NDRG1
expression are illustrated in Fig. 1. In surgical specimens fol-
lowing NAC, a high status of GR, Sgk1, and NDRG1 was
detected in 53.1% (52/98), 54.1% (53/98), and 38.8% (38/98)
of the patients, respectively (Table 1). The status of GR was
significantly correlated with the presence of vessel invasion
(P= 0.016), that of Sgk1 with pT (P= 0.006) and pN (P <

0.001), pStage (P < 0.001), lymphovascular invasion (P =
0.003), RECIST grade (P= 0.007), and histopathological
tumor regression grade (P = 0.037). The NDRG1 status was
significantly correlated with pT (P < 0.001), pStage (P=
0.006), and lymphovascular invasion (P= 0.033).

Post-NAC status of GR, Sgk1, and NDRG1 in carcinoma
cells and their correlation with patient survival
Five-year OS rate of the patients harboring high GR status
was significantly shorter than those harboring low GR
group (P = 0.0473) (Fig. 2a). In addition, significantly
shorter 5-year OS and DFS were detected in the patients
with high Sgk1 than in those with low Sgk1 (OS: P =
0.0055, DFS: P = 0.0240) (Fig. 2c and d). The 5-year OS
and DFS were both significantly shorter in those with high
NDRG1 than in those with low NDRG1 (OS: P = 0.0021,
DFS: P = 0.0086) (Fig. 2e and f). Univariate analysis re-
vealed that patient survival was significantly associated
with pT (P = 0.0011) and pN (P = 0.0002), pStage (P =
0.0001), lymphatic invasion (P = 0.0260), vascular invasion
(P = 0.0178), RECIST grade (P = 0.0015), histopathological
tumor regression grade (P = 0.0432), high GR (P = 0.0479),
high Sgk1 (P = 0.0054), and high NDRG1 (P = 0.0033)

Fig. 2 Kaplan–Meier curves post-NAC GR, post-NAC Sgk1, and post-NAC NDRG1. a The 5-year overall survival of the patients with esophageal
squamous cell carcinoma (ESCC) exhibiting high post-NAC GR was significantly worse than those with low post-NAC GR. b No significant
differences in the 5-year disease-free survival (DFS) detected between those exhibiting high and low post-NAC GR in carcinoma tissues. c The 5-
year overall survival of those exhibiting high post-NAC Sgk1 was significantly worse than those of low post-NAC status. d The 5-year DFS of those
exhibiting high post-NAC Sgk1 was significantly worse than those with low post-NAC Sgk1. e The 5-year overall survival of those exhibiting high
post-NAC NDRG1 was significantly worse than those with low post-NAC NDRG1. f The 5-year DFS of those exhibiting high post-NAC NDRG1 was
significantly worse than those with low post-NAC NDRG1
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(Table 2). However, multivariate analysis demonstrated
that pN was the only independent prognostic factor
among all the variables examined (P = 0.0168) (Table 3).

Correlation among post-NAC GR, Sgk, and NDRG1 in ESCC
A significant positive correlation was detected between
post-NAC GR and Sgk1 or NDRG1 status in the tumor
tissues (GR versus. Sgk1: P = 0.0084, GR versus. NDRG1:
P = 0.0446). A significant positive correlation was also
detected between post-NAC Sgk1 and NDRG1 status of
the tumor tissues (P = 0.0009) (Table 4).

Correlation of pre-NAC GR, Sgk1, and NDRG1 status with
clinicopathological variables in ESCC patients undergoing
NAC
In the biopsy specimens of ESCC patients prior to NAC,
high GR, Sgk1, and NDRG1 were detected in 54.7% (23/

42), 45.2% (19/42), and 42.9% (18/42) of the patients ex-
amined, respectively (Table 5). Among these, the pre-
NAC GR status in carcinoma cells was significantly cor-
related with pStage (P = 0.037), and pre-NAC NDRG1
status was significantly correlated with RECIST grade
(P = 0.021) in the patients following NAC.

Correlation of pre-NAC GR, Sgk1, and NDRG1 status in
carcinoma tissues with the survival of ESCC patients
undergoing NAC
There were no significant correlations between the pre-
NAC GR status in carcinoma cells and the 5-year OS or
DFS of ESCC patients (3A and B). However, a signifi-
cantly shorter DFS was detected in those with high pre-
NAC Sgk1 status compared to those with low status
(P = 0.0095) (Fig. 3d). Significantly shorter OS and DFS

Table 3 Multivariable analysis of patients’ 5-year overall survival

Variable P Relative risk (95% CI)

pT(pT1/pT2,3,4) 0.8106 1.1614 (0.3658–4.5669)

pN(pN0/pN1,2,3) 0.0168* 3.5661 (1.2375–13.083)

Lymphatic invasion (−/+) 0.9334 1.0437 (0.4128–3.2219)

Vessel invasion (−/+) 0.3204 2.0983 (0.5289–14.245)

Recist grade (PR,CR/SD, PD) 0.2774 1.7160 (0.6658–5.2041)

Histopathological tumor regression grade (Grade0,1a/Grade1b,2) 0.2314 0.5931 (0.2257–1.3705)

post-NAC GR expression (Low/High) 0.1524 1.6737 (0.8299–3.5502)

post-NAC Sgk1 expression (Low/High) 0.7961 0.9011 (0.4221–2.0594)

post-NAC NDRG1 expression (Low/High) 0.1184 1.7590 (0.8664–3.6655)

Abbreviation: CI confidence interval
* Statistical significance

Table 2 Univariable analysis of patients’ 5-year overall survival

Variable P Hazard ratio(95% CI)

Age (< 65/> 65) 0.9971 1.0011 (0.5156–1.8782)

Gender (female/male) 0.6125 1.2410 (0.5036–2.6421)

pT (pT1/pT2,3,4) 0.0011* 3.7983 (1.6271–11.083)

pN(pN0/pN1,2,3) 0.0002* 4.9747 (1.9864–16.656)

M (M0/M1) 0.5615 1.5686 (0.2551–5.1250)

pStage (pStageI,II/pStageIII,IV) 0.0001* 3.7464 (1.8595–8.3655)

Tumor differentiationa (G1, G2/G3) 0.5702 1.3259 (0.4539–3.1015)

Lymphatic invasion (−/+) 0.0260* 2.3425 (1.0999–5.7744)

Vessel invasion (−/+) 0.0178* 3.3192 (1.1995–13.757)

Recist gradeb (PR, CR/SD, PD) 0.0015* 3.4976 (1.5642–9.3125)

Histopathological tumor regression gradec

(Grade0,1a/Grade1b,2)
0.0432* 0.4956 (0.2300–0.9795)

post-NAC GR expression (Low/High) 0.0479* 1.8991 (1.0060–3.7409)

post-NAC Sgk1 expression (Low/High) 0.0054* 2.5045 (1.3030–5.1191)

post-NAC NDRG1expression (Low/High) 0.0033* 2.5632 (1.3716–4.8540)

Abbreviation: CI confidence interval
* Statistical significance
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were also detected in those with high pre-NAC NDRG1
status compared to those with low status (OS: P =
0.0233, DFS: P = 0.0006) (Fig. 3e and f).

Changes in GR, Sgk1, and NDRG1 before and after NAC
We examined the changes in GR, Sgk1, and NDRG1 be-
fore and after NAC in 42 patients. The results are sum-
marized in Table 6. The concordance rates before and

after NAC were 69.0% (GR), 85.8% (Sgk1), and 73.8%
(NDRG1), respectively. As summarized in Table 7, we
also performed a paired two-tailed bilateral t-test for the
scores before and after NAC. The results are as follows:
GR (t = 1.597, df = 41, P = 0.1178), Sgk1 (t = 1.723, df =
41, P = 0.0924), and NDRG1 (t = 1.274, df = 41, P =
0.2097). There were no significant changes in these
scores above before and after NAC.

Table 5 Pre-NAC status of GR, Sgk1, NDRG1 and its correlation with clinicopathological variables of the cases

Variable n pre-NAC
GR
expression

P pre-NAC Sgk1
expression

P pre-NAC NDRG1
expression

P

High Low High Low High Low

Age ≧65y.o 26 15 11 11 15 12 14

< 65y.o 16 8 8 p = 0.627 8 8 p = 0.627 6 10 p = 0.581

Gender Male 35 18 17 15 20 13 22

Female 7 5 2 p = 0.332 4 3 p = 0.489 5 2 p = 0.094

pTa pT1a~pT1b 11 5 6 3 8 3 8

pT2~pT4b 31 18 13 p = 0.470 16 15 p = 0.156 15 16 p = 0.216

pNa pN0 15 6 9 5 10 9 15

pN1~N3 27 17 10 p = 0.152 14 13 p = 0.246 12 15 p = 0.780

cMa cM0 40 22 18 17 23 17 23

cM1 2 1 1 p = 0.890 2 0 p = 0.070 1 1 p = 0.835

pStagea pStageI,II 17 6 11 4 13 5 12

pStageIII,IV 25 17 8 p = 0.037* 15 10 p = 0.020 13 12 p = 0.147

Tumor differentiationa well,moderate 37 20 17 16 21 17 20

poor 4 3 1 p = 0.427 3 1 p = 0.220 1 3 p = 0.426

Unclassifiable 1 0 1 0 1 0 1

Lymphatic invasion Absence 13 6 7 4 9 5 8

Presence 29 17 12 p = 0.453 15 14 p = 0.207 13 16 p = 0.700

Vessel invasion Absence 8 6 3 4 5 4 5

Presence 34 17 16 p = 0.418 15 18 p = 0.957 14 19 p = 0.914

RECIST gradeb CR/PR 14 5 9 4 10 3 11

SD/PD 25 16 9 p = 0.089 14 11 p = 0.097 15 10 p = 0.021*

Indeterminate 3 2 1 1 2 0 3

Histopathological tumor regression gradec Grade0~1a 27 17 10 14 13 14 13

Grade1b~ 2 15 6 9 p = 0.152 5 10 p = 0.246 4 11 p = 0.109

Total 42 23 19 19 23 18 24

* Statistical significance
a Tumor-node-metastasis (TNM) classification based on the 8th edition of the TNM classification of malignant tumors
b New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1)
c Histopathological features based on the Japanese Classification of Esophageal Cancer, 11th edition (Japan Esophageal Society 2015)

Table 4 Correlation of post-NAC GR, Sgk, NDRG status in carcinoma tissues

Variable P Correlation coefficient(95% CI)

post-NAC GR expression score (9–279) vs post-NAC Sgk1 score (0–12) 0.0084* 0.2647 (0.0699–0.4400)

post-NAC GR expression score (9–279) vs post-NAC NDRG1 score (0–12) 0.0446* 0.2034 (0.0052–0.3862)

post-NAC Sgk1 expression score (0–12) vs post-NAC NDRG1 score (0–12) 0.0009* 0.3316 (0.1426–0.4973)

Abbreviation: CI confidence interval
* Statistical significance
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Figure 4 demonstrates the correlation between the
changes in GR, Sgk1, and NDRG1 scores before and
after NAC and the histopathological tumor regression
grade. There were no significant associations between
the changes in GR or NDRG1 scores before and after
NAC and the histopathological tumor regression grade.
However, the Sgk1 score significantly increased follow-
ing NAC in patients with a low histopathological tumor
regression grade (P = 0.0021).
Figure 5 demonstrates the correlation between the

changes of GR, Sgk1 and NDRG1 scores before and after
NAC and RECIST grade of the patients examined in this
study. There were no significant associations between

the changes in GR or NDRG1 scores before and after
NAC and RECIST grade but the Sgk1 score significantly
increased after NAC in the SD/PD groups (P = 0.0043).

Discussion
This is the first study to evaluate the status of GR, SgK1,
and NDRG1 before and after NAC in ESCC patients.
Notably, the high GR, Sgk1, and NDRG1 status in
resected specimens were significantly associated with
shorter OS in those undergoing NAC. A previous study
reported no significant correlation between the GR sta-
tus and the clinical outcome in ESCC patients [7]; how-
ever, in the current study, we comprehensively evaluated

Fig. 3 Kaplan–Meier curves pre-NAC GR, pre-NAC Sgk1, and pre-NAC NDRG1. a and b No significant difference in the 5-year overall survival(OS)
and 5-year disease-free survival (DFS) were detected between those exhibiting high and low pre-NAC GR. c No significant differences in the OS
were detected between those exhibiting high pre-NAC Sgk1 and low pre-NAC GR. d The 5-year DFS of those exhibiting high pre-NAC Sgk1 was
significantly worse than those with low pre-NAC in carcinoma tissues. e The 5-year OS of those exhibiting high pre-NAC NDRG1 was significantly
worse than those with low pre-NAC NDRG1. f The 5-year DFS of those exhibiting high pre-NAC NDRG1 expression was significantly worse than
those with low pre-NAC NDRG1 in carcinoma tissues

Table 6 Summary of the expression status changes between before and after NAC

expression status change between pre and after NAC GR(%) Sgk1(%) NDRG1(%)

same expression statusa 29 (69.0%) 36 (85.8%) 31 (73.8%)

Increased expression statusb 3 (7.1%) 3 (7.1%) 5 (11.9%)

Decreased expression statusc 10 (23.9%) 3 (7.1%) 6 (14.3%)

Total cases 42 42 42
a The Same expression status group consisted of cases that belonged to the high expression group before and after NAC, or cases that belonged to the low
expression group before and after NAC
b The increased expression status group consisted of cases that belonged to the low expression group before NAC and high expression group after NAC
c The decreased expression status group consisted of cases that belonged to the high expression group before NAC and low expression group after NAC
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GR immunoreactivity using the H-score. In addition, we
also evaluated the NAC cases in which the GC-GR path-
way could be more activated. This may account for the
discrepancy between these two studies, but further in-
vestigations are required for confirmation.
Sgk1 has not been studied in ESCC. We found that

the Sgk1 status in carcinoma cells was not only signifi-
cantly associated with shorter OS and DFS but also with
more advanced pT, pN, and lymphatic vessel invasion in
ESCC patients. Sgk1 is well known to activate beta-
catenin/T cell factor signaling in human non-small cell
lung cancer, and to be associated with tumor cell inva-
sion and migration [31]. Therefore, Sgk1 could also en-
hance tumor cell invasion and migration of ESCC, as
reported for other human malignancies such as esopha-
gogastric junctional adenocarcinoma [32], colorectal
cancer [33], and non-small cell lung carcinoma [31].
NDRG1 has been examined in ESCC [24, 25]. In our

present study, a high NDRG1 status was significantly as-
sociated with shorter OS and DFS, higher pT, and local
progression factors such as venous invasion in the pa-
tients, which is consistent with the results of previously
reported studies [24, 25]. In addition, the Wnt pathway
was also reported to be activated via NDRG1 and in-
volved in epithelial-mesenchymal transition of ESCC
tumor cells [25]. Results from our present study indicate
that NDRG1 was activated via Sgk1 in ESCC undergoing
NAC and thus could be involved in the local progression
of the tumor.
We then examined the correlation between GR, Sgk1,

and NDRG1 status before and after NAC and the

clinicopathological factors of the ESCC patients. Differ-
ences were detected between post- and pre-NAC and
this discrepancy is considered as a limitation of our
present study as intratumoral heterogeneity was high
and the number of biopsy specimens available for exam-
ination was rather small in this study. In addition, a high
GR status in resected specimens, but not biopsy speci-
mens, turned out as a poor prognostic factor. However,
there were no significant changes in the GR score before
and after chemotherapy. This may also be due to intra-
tumoral heterogeneity but in breast cancer patients, ster-
oid hormone receptor profiles were also reported to be
different between pre- and post-chemotherapy [34], and
similar changes in GR may occur in ESCC patients but
further investigations are required for clarification.
Furthermore, GR, Sgk1, and NDRG1 were all signifi-

cantly correlated with prognosis when evaluated by uni-
variate analysis. However, the results of multivariate
analysis demonstrated that these factors were not inde-
pendent predictors of patient outcomes. This discrep-
ancy may be because GR, Sgk1, and NDRG1 were
significantly correlated with each other in the patients
examined in this study. In addition, both Sgk1 and
NDRG1 were significantly correlated with established
clinicopathological factors such as pT and pN in
patients.
In our present study, a significant positive correlation

was detected among GR, Sgk1, and NDRG1 status in
ESCC cases examined. Sgk1 is activated by growth fac-
tors, DNA damages, cell contraction, and oxidative
stress, in addition to the GC-GR pathway [10–12].

Table 7 Summary of two-tailed t-test of the scores before and after NAC

Variable (score average) t df P Correlation coefficient (95% CI)

pre-NAC GR score (152.3) vs post-NAC GR score (141.8) 1597 41 0.1178 0.1922(−0.1186–0.4688)

pre-NAC SgK1 score (4.976) vs post-NAC Sgk1 score (4.333) 1.723 41 0.0924 0.7120 (0.5208–0.8352)

pre-NAC NDRG1 score (7.024) vs post-NAC NDRG1 score (6.357) 1.274 41 0.2097 0.3780 (0.0837–0.6117)

Fig. 4 The correlation between the changes in scores (Δ) of GR, Sgk1, NDRG1 and histopathological tumor regression grade were examined
using the Wilcoxon test. a GR (P = 0.8439), b Sgk1 (P = 0.0021), C) NDRG1 (P = 0.4508)
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NDRG1 is also known to be activated by stress signals,
oxidative balance [35], DNA damages, increased p53 ex-
pression [36], and hypoxia [37], in addition to the GC-
GR pathway. Therefore, Sgk1 and NDRG1 in ESCC car-
cinoma cells could be affected by various factors other
than the GC-GR pathway, and further studies are re-
quired to clarify the GR-Sgk1-NDRG1 axis in ESCC.
In this study, we compared the GR, Sgk1, and NDRG1

status between ESCC before and after NAC to further
clarify the significance of the GC-GR pathway in the
therapeutic effects of NAC. A high NDRG1 status in
carcinoma cells in pre-NAC biopsy specimens was sig-
nificantly associated with lower NAC effects, and a high
GR and Sgk1 status in carcinoma cells tended to be as-
sociated with lower NAC effect. In addition, a lower
NAC effect was significantly associated with poor prog-
nosis of ESCC patients examined. Therefore, these re-
sults suggest that NAC sensitivity was decreased in
tumors with high expression of GR, Sgk1, and NDRG1,
resulting in higher residual tumor cells and subsequent
adverse clinical outcomes of patients. This also indicates
that the efficacy of NAC could be predicted by analyzing
the GR pathway.
We also examined whether a high NDRG1 status in

biopsy specimens was significantly associated with de-
creased therapeutic effects of NAC in patients and ob-
served no significant association. This may be due to the
relatively small number of biopsy specimens. However,
carcinoma tissues were not available for examination
among resected specimens of ESCC patients who com-
pletely responded to NAC. In addition, the detailed mo-
lecular mechanisms underlying the GR-Sgk1-NDRG1
pathway-mediated resistance to NAC in ESCC patients
has remained virtually unknown. Cell cycle arrest via the
GC-GR pathway is well known to contribute to chemo-
resistance in cancer patients [38]. Factors including Sgk1
have also been considered as the cause of decreased sen-
sitivity of cytotoxic drug therapy by activating the GC-
GR pathway in hepatocellular carcinoma and colon

adenocarcinoma [39]. Besides, GR-mediated Sgk1 activa-
tion suppressed tumor cell apoptosis in breast carcinoma
cells [40] and NDRG1 was reported to be induced by
Sgk1 to inhibit apoptosis in ESCC tumor cells [41].
These results above, as well as those from our present
study, did indicate that the GR-Sgk1-NDRG1 pathway in
ESCC could protect tumor cells from chemotherapy-
induced apoptosis and mediate chemotherapy resistance.
We examined the changes in various factors before

and after NAC to explore the effects of NAC and syn-
thetic steroids administered during NAC on GR, SgK1,
and NDRG1 expression. In particular, the administration
of synthetic steroids during NAC was reported to induce
chemotherapy resistance in patients with urological [42]
and breast cancers [43]. Therefore, steroid administra-
tion is considered to reduce treatment sensitivity. How-
ever, in this study, there were no significant differences
of GR, Sgk1, and NDRG1 scores before and after NAC,
although the Sgk1 score after NAC was significantly
higher in patients with low NAC treatment effects than
those without. Therefore, the therapeutic effects of
chemotherapy may be reduced in the Sgk1 high group
by stress stimulation or synthetic steroids administered
during NAC administration. However, there were no sig-
nificant associations between the changes in GR and
NDRG1 scores before and after NAC and the thera-
peutic effects of the patients. Therefore, further studies
are required to clarify the effects of NAC and synthetic
steroids administered during NAC on the GR, Sgk1, and
NDRG1 status.

Conclusions
Our results suggest that the status of GR, Sgk1, and
NDRG1 in ESCC patients undergoing NAC was signifi-
cantly related to the treatment outcomes and that the
GR-Sgk1-NDRG1 pathway in carcinoma cells of ESCC
might be involved in the clinical effects of chemotherapy
in these patients. Further, data from the study suggest
the potential utility of GR, Sgk1 and NDRG1 as

Fig. 5 The correlation between the changes in scores (Δ) of GR, Sgk1, NDRG1 and RECIST grade were examined using the Wilcoxon test. a GR
(P = 0.7253), b Sgk1 (P = 0.0043), c NDRG1 (P = 0.4871)
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prognostic markers for ESCC patients undergoing NAC,
though further validating study is needed.
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