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Abstract
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Objective Antibodies targeting programmed cell death protein 1 (PD-1) have become the mainstay of
treatment for chemotherapy-refractory gastric cancer, characterized by high levels of programmed cell
death ligand-1 (PDL-1) expression. However, the routine clinical implementation of PDL-1 testing is
currently limited by the lack of robust detection methods. In this regard, the role of plasma γ-glutamyl
transpeptidase (GGT), an N-terminal nucleophilic hydrolase, as an independent predictor of the efficacy of
anti-PD-1 therapy remains unknown. In this study, we aimed to assessed the prognostic role of changes in
plasma GGT levels (6 weeks vs. baseline) in patients with advanced gastric cancer treated with anti-PD-1
immunotherapy.
Methods We retrospectively analyzed data from 57 patients with gastric cancer treated with anti-PD-1
antibodies (camrelizumab, sintilimab, nivolumab, tislelizumab, and toripalimab) at the Union Hospital,
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China, from July 2018
to February 2021.
Results We found that after 6 weeks of treatment, there were significant differences between responders
and non-responders with respect to plasma GGT levels (P < 0.001). Multivariate logistic regression analysis
revealed that the continuous value of the 6-week difference in GGT levels (OR = 1.437, 95% CI = 1.116–
1.849, P = 0.005) and 6-week difference in GGT ≥ 0 or < 0 (OR = 53.675, 95% CI = 6.379–451.669,
P < 0.001) were independent predictors of disease control. Survival analysis indicated that a reduction
in plasma GGT6 levels during treatment was significantly associated with a favorable progression-free
survival (PFS) and overall survival (P < 0.001). Consistently, univariate and multivariate Cox regression
analyses revealed that a reduction in plasma GGT6 levels during treatment was an independent predictor
of PFS (HR = 1.033, 95% CI = 1.013–1.053, P = 0.001).
Conclusion Alterations in plasma GGT levels during treatment can be used as a predictor of disease
progression and survival in patients with advanced gastric cancer undergoing treatment with anti-PD-1
antibodies.
Key words: gastric cancer; programmed cell death receptor 1; γ-glutamyl transpeptidase (GGT);
prognosis
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Targeting immune checkpoints using immune
checkpoint inhibitors has become an important treatment
method for intractable gastric cancer. In Asian patients
with gastric cancer, the anti-programmed cell death
protein 1 (PD-1) monoclonal antibody nivolumab has
been demonstrated to improve overall survival (OS) rate
compared with a placebo treatment [1]. Responses to antiPD-1 antibodies have been associated with the levels
of programmed cell death ligand-1 (PDL-1) expression,
with high levels of PDL-1 expression being established
to be a predictor of the response to PD1 blockade [2].
Accordingly, plasma high levels of PDL-1 can serve as a
prognostic factor predicting good prognosis. However,
some patients with PDL-1-positive tumors show early
progression in response to anti-PD-1 monotherapy [3].
Furthermore, using PDL-1 expression as a biomarker
requires clinical samples and a robust PDL-1 detection
method [4], the current lack of which is limiting the utility
of PDL-1 as a predictive biomarker. Comparatively,
serological biomarkers are readily evaluated and may be
useful independent predictors of the response to antiPD-1 therapy.
Serum γ-glutamyl transpeptidase (GGT) is a cell
surface N-terminal nucleophilic hydrolase involved in
intracellular oxygen homeostasis. Increased levels of
GGT are considered to be indicative of oxidative stress [5],
and GGT has also been proposed as a potential prognostic
marker for cancer. Indeed, serum levels of GGT have
been shown to be associated with the risk of gastric
cancer [6], cancer progression, and drug resistance [7].
However, in 65 patients with gastric cancer, Wang et al [8]
found serum GGT to be a poor prognostic factor for this
disease. Nonetheless, the predictive value of GGT levels
in patients receiving anti-PD-1 therapy remains to be
determined. In this study, we investigated the utility of
plasma GGT levels with respect to predicting the response
to anti-PD-1 therapy in patients with gastric cancer.

Patients and methods
Patients
For the purposes of this study, we assessed the data
obtained for 57 patients (34 men and 23 women) with
gastric cancer who had undergone treatment with antiPD-1 antibodies (camrelizumab, sintilimab, nivolumab,
tislelizumab, and toripalimab) at the Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China, from July 2018 to
February 2021. Inclusion criteria for patient enrolment
were as follows: (1) diagnosis of primary gastric cancer
after pathological biopsy, (2) metastatic gastric cancer
treated with at least two cycles of PD-1 blockade, and
(3) complete clinicopathological and follow-up data. The
exclusion criteria were as follows: (1) diagnosis of other
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tumors or recurrent gastric cancer, (2) liver or kidney
dysfunction, and (3) tumor HER2 negativity determined
by genetic testing. The study was approved by the
Hospital Ethics Review Committee. All study procedures
complied with the ethical standards of the Ethics
Review Committee and the ethical requirements of the
Declaration of Helsinki. To obtain the consent of patients,
we adopted an opt-out approach in this retrospective
study.
Data collection
We collected patients’ baseline characteristics and
clinical data, including age, gender, treatment with
radiotherapy or chemotherapy, metastatic status (distant
organ metastasis, peritoneal metastasis, distant organ
and peritoneal metastasis), lines of therapy (first-line,
second-line, or third-line and above), and GGT levels.
Clinical response was determined according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
as a complete response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD). CR, PR, and SD
were considered as a response, and PD was considered
non-response. Plasma GGT levels were evaluated on the
first day of anti-PD-1 treatment (baseline) and after 6
weeks of treatment. The difference between these two
points was also calculated.
Data analysis
Data are expressed as the median (range), mean ±
standard deviation, or numerical (percentage) values.
Continuous variables were compared using a t-test, and
categorical variables were analyzed using Pearson’s chisquared test or Fisher’s exact test. Numerical variables
that did not meet the conditions of normality and
homogeneity of variance were analyzed using a rank-sum
test. Univariate and multivariate Cox logistic regression
analyses were conducted to identify risk factors associated
with disease progression. Two-sided P-values ≤ 0.05 were
considered to indicate statistical significance. Survival
analysis was performed using the Kaplan-Meier method
and the log-rank test. SPSS 26.0 software (Statistical
Package for the Social Sciences, IBM Corp., Armonk, NY,
USA) was used for all statistical analyses.

Results
Patient characteristics and tumor response
The baseline characteristics of the 57 patients included
in this study are summarized in Table 1. The median
age of the patients was 56 years (range, 23–76). Among
the 57 patients, 34 (59.6%) were men. Twenty-eight
(49.1%) patients received surgery, 49 (85.9%) received
chemotherapy, 19 (33.3%) received first-line PD-1
blockade, 20 (35.1%) received second-line PD-1 blockade,
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Patient characteristics [n (%)]

Variable
Age: Median (range, years)
Sex: Male/female
Metastasis: Organ/peritoneum/organ and peritoneum
Surgery: Yes/no
Chemotherapy: Yes/no
Lines of anti-PD-1 therapy: 1/2/≥ 3
Objective tumor response
Complete response
Partial response
Stable disease
Progressive disease

Table 3
n = 57
56 (23–76)
34/23
31/9/17
28/29
49/8
19/20/18
0 (0%)
10 (14.0%)
13 (17.5%)
34 (59.6%)

and 18 (31.6%) received third-line PD-1 blockade or
above. None of the patients had CR, eight (14.0%) had
PR, 10 (17.5%) had SD, and 34 (59.6%) had PD.
Differences in clinicopathological characteristics
between responders and non-responders
Differences in the clinicopathological characteristics
of responders and non-responders are shown in Table
2. Responders were found to be characterized by a
reduction in GGT levels from baseline, whereas nonresponders showed an increase in GGT levels during
treatment, and the difference in the change in GGT levels
between responders and non-responders was found to be
statistically significant (P < 0.001).
Factors predicting the response to PD-1
blockade
To identify factors predicting a treatment response, we
performed univariate and multivariate logistic regression
analyses (Table 3). Univariate analysis revealed the
following to be significant predictors of the response to
PD-1 blockade: peritoneal metastasis [odds ratio (OR) =
0.201, 95% confidence interval (CI) = 0.048–0.841, P =
0.028], continuous 6-week difference in GGT (change in
GGT levels from baseline, as a continuous variable) (OR
Table 2

Factors predicting the response to PD-1 blockad

Variable
Odds ratio
Univariate analysis
Age
0.992
Sex: Male
1.089
Metastasis
Peritoneum
0.201
Distant organs and peritoneum 0.268
Surgery: Yes
0.917
Chemotherapy: Yes
1.149
Lines of therapy
2
0.364
≥3
1.167
GGT
Baseline
1.002
6 weeks
1.010
6-week difference (continuous) 1.365
6-week difference (< 0)
23.619
Multivariate analysis: GGT
6-week difference (continuous) 1.437
6-week difference (< 0)
53.675
Note: * P < 0.05

95% CI

P-value

0.948–1.038
0.370–3.208

0.726
0.877

0.048–0.841
0.044–1.640
0.318–2.643
0.246–5.365

0.028*
0.154
0.872
0.859

0.095–1.386
0.297–4.588

0.138
0.825

0.995–1.008
0.993–1.027
1.122–1.661
5.371–103.858

0.640
0.255
0.002*
0.000*

1.116–1.849
0.005*
6.379–451.669 0.000*

= 1.365, 95% CI = 1.122–1.661, P = 0.002), and 6-week
difference in GGT < 0 (patients with reduced GGT levels
during treatment) (OR = 23.619, 95% CI = 5.371–103.858,
P < 0.001). Multivariate regression analysis revealed that
the continuous value of the 6-week difference in GGT
(OR = 1.437, 95% CI = 1.116–1.849, P = 0.005) and the
6-week difference in GGT ≥ 0 or < 0 (OR = 53.675, 95%
CI = 6.379–451.669, P < 0.001) were independent factors
predicting the response to anti-PD-1 treatment.
Survival analysis
Kaplan-Meier analysis revealed that progression-free
survival (PFS) was significantly higher in patients with
increased GGT levels during treatment than in those with
reduced GGT levels during treatment (P < 0.001; Fig. 1).
The mean PFS time of patients in the GGT group with a
6-week difference < 0 and a 6-week difference ≥ 0 was

Differences in clinicopathological characteristics between responders and non-responders (n)

Variable
Responders (n = 23)
Age: Mean (years, SD)
55.52 (10.58)
Sex: Male/female
14/9
Metastasis: Organ/peritoneum/both
16/4/3
Surgery: Yes/no
11/12
Chemotherapy: Yes/no
3/20
Lines of therapy: 1/2/≥ 3
11/6/6
GGT (median, IQR)
Baseline
28.00 (17.00, 36.00)
6 weeks
24.00 (17.00, 34.00)
6-week difference
–2 (–6.00, 0.00)
Note: * P < 0.05; a t-test; b Chi-square test; c Fisher exact test; d Rank-sum test

Non-responders (n = 34)
54.41 (12.75)
20/14
15/5/4
17/17
5/29
8/14/12
21.50 (14.00, 47.50)
28.50 (17.75, 72.50)
5.50 (2.00, 20.00)

P-value
0.732 a
1.000 b
0.079 c
1.000
0.590 c
0.158 b
0.425 d
0.286 d
< 0.001*
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survival

Fig. 1 Kaplan-Meier survival curves for progression-free survival
stratified by γ-glutamyl transpeptidase (GGT)

14.765 and 4.954 months, respectively.
Univariate and multivariate Cox regression
analysis of progression-free survival
Cox regression analysis was performed to assess the
relationship between alterations in GGT levels during
treatment and PFS (Table 4). Univariate (HR = 8.916,
95% CI = 2.693–29.516, P < 0.001) and multivariate (HR
= 1.033, 95% CI = 1.013–1.053, P = 0.001) regression
analysis revealed a 6-week difference in GGT < 0 to be an
independent predictor of PFS.

Discussion
Gastric cancer is among the major causes of cancerrelated death worldwide. Although patients with earlystage gastric cancer can be treated with surgery, mortality
rates remain high. Given the lack of effective screening
strategies, most Chinese patients with gastric cancer are
diagnosed at an advanced stage of disease progression
[9]
; thus, treatment options for these patients remain
limited, and the prognosis is relatively poor. The key
roles of immune checkpoints, including PD-1 and PDL1, as immune escape mechanisms have been extensively
demonstrated, and anti-PD-1/PD-L1 antibodies are used
to treat a number of cancers, notably renal and lung
cancers [10]. PD-1 blockade has also been shown to have
a good safety profile and high efficacy in patients with
gastric cancer [1]. Nevertheless, despite the promising
prognostic value of PDL-1 levels in gastric cancer, its
clinical application remains limited. As an alternative,
in this study, we evaluated the prognostic utility of GGT
levels in patients with advanced gastric cancer treated with
PD-1 blockade. We found that alterations in GGT levels
during treatment could be used to predict the response
to anti-PD-1 therapy. Notably, an increase in GGT levels
during treatment was found to be associated with disease
progression and poor survival in patients undergoing

Univariate and multivariate Cox analyses of progression-free

Variable
Hazard ratio 95% CI
Univariate analysis
Age
0.990 0.960–1.021
Sex
0.924 0.465–1.835
Metastasis
Peritoneum
0.448 0.214–0.938
Distant organs and peritoneum 0.639 0.228–1.794
Surgery
0.839 0.427–1.649
Chemotherapy
0.978 0.377–2.536
Lines of therapy
2
0.553 0.222–1.376
≥3
1.301 0.593–2.857
GGT baseline
1.001 0.999–1.004
GGT 6-week difference (< 0)
8.916 2.693–29.516
Multivariate analysis
GGT 6-week difference (< 0)
1.033 1.013–1.053
Note: *P < 0.05

P-value
0.514
0.882
0.033
0.395
0.611
0.963
0.203
0.511
0.325
0.000*
0.001*

anti-PD-1 therapy. To the best of our knowledge, this is
the first study to demonstrate the prognostic role of GGT
levels during treatment in patients with advanced gastric
cancer treated with anti-PD-1 antibodies.
In humans, plasma GGT is predominantly derived
from the liver and is accordingly used as an indicator of
liver dysfunction and obstructive liver disease. Given that
sex, diet, liver dysfunction, and kidney dysfunction are
key factors affecting plasmas levels of GGT, patients with
hepatic and renal dysfunction were excluded from this
study. Interestingly, we found that metastasis in distant
organs, including the liver, is unassociated with a response
to anti-PD-1 therapy in patients with gastric cancer. The
findings of a previous meta-analysis have indicated that
baseline GGT levels are correlated with the overall cancer
risk (RR = 1.32, 95% CI = 1.15–1.52), as well as with the
risk of digestive cancer (RR = 1.94, 95% CI = 1.35–2.79)
[11]
. In addition, high GGT levels have been found to be
associated with a poor prognosis in patients with liver,
breast, renal cell, and endometrial cancers [12]. However,
the role of GGT in carcinogenesis is yet to be sufficiently
clarified. Corti et al [13] found that high GGT levels can
lead to enhanced iron intake, the generation of hydroxyl
radicals, and DNA damage. In turn, genomic instability
and gene mutations can suppress immune responses and
promote the proliferation of cancer cells, thereby leading
to disease progression [14]. Moreover, GGT has been
observed to promote the hydrolysis and peptide transfer
of extracellular glutathione, glutathione degradation,
oxidative stress, and reactive oxygen species generation,
thereby further enhancing cancer cell proliferation and
drug resistance [15–16]. To some extent, these mechanisms
can provide an explanation to account for the poor
prognosis of patients with gastric cancer and increased
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GGT levels during anti-PD-1 treatment.
It has previously been shown that GGT levels are
significantly correlated with OS in patients with advanced
gastric cancer (HR = 1.006, 95% CI = 1.003–1.009, P <
0.001) [17]. To assess the relationship between the dynamic
changes in GGT levels and prognosis in patients treated
with anti-PD-1 antibodies, we conducted survival and
multivariate Cox regression analyses. We accordingly
established that an increase in GGT levels during
treatment was associated with a favorable prognosis
and improved survival. Importantly, multivariate Cox
regression analysis identified an increase in GGT levels
during treatment as an independent predictor of PFS,
thereby indicating that alterations in the levels of GGT
during PD-1 blockade can be used to predict treatment
response and prognosis in patients with advanced gastric
cancer.
In the cohort assessed in this study, we detected no
significant difference between the baseline and 6-week
values of GGT among responders and non-responders.
Contrastingly, alterations in GGT levels during treatment
were found to differ significantly between these two
groups (P < 0.001). In the responders, we noted a
reduction in GGT levels during treatment, whereas in
the non-responders, there were increases in the levels of
GGT during immunotherapy. Consistently, the findings
of multivariate logistic regression analysis indicated that a
reduction in GGT levels during treatment can serve as an
independent predictor of disease control. These findings
accordingly indicate that the direction of alterations in
GGT levels during treatment can be used to predict the
response to PD-1 blockade in patients with advanced
gastric cancer.
In addition to plasma GGT levels, we also identified
peritoneal metastasis as being associated with a treatment
response in patients with gastric cancer, which is
consistent with findings of previous clinical studies in
which patients with gastric cancer received systemic
chemotherapy [18]. These findings would thus tend to
indicate that metastatic tumor cells in the peritoneum
may act as a barrier that prevents drugs from reaching
their therapeutic targets.
Despite our promising findings, this study does
have an important limitation, in that it was a singlecenter retrospective study with a small cohort size.
Consequently, our results need to be further confirmed
by large-scale multi-center prospective trials. In addition,
there was a lack of uniformity in the lines of treatment
among patients, and thus whether GGT is a prognostic
factor of anti-PD-1 antibody anti-tumor effect in patients
receiving the same therapeutic line again needs to be
further confirmed. Moreover, the efficacy of other
clinicopathological variables in predicting an anti-PD-1
treatment response merits further investigation.
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In conclusion, our findings provide convincing
evidence that alterations in plasma GGT levels during
anti-PD-1 therapy independently predict disease
progression and poor survival in patients with advanced
gastric cancer. These findings also indicate that plasma
GGT levels can be used as a marker to predict the response
to anti-PD-1 immunotherapy in these patients.
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Objective This study aimed to investigate the occurrence of No.12 lymph node micrometastasis in
patients with gastric cancer and its relationship with clinicopathological parameters and prognosis.
Methods A cohort of 160 gastric cancer patients who underwent gastrectomy and lymph node dissection
were selected as the research subjects. The immunohistochemical method was used to detect the
micrometastasis of No.12 lymph node sections with negative routine pathological detection. At the same
time, the clinical data of patients were collected and followed up to analyze the clinical significance of No.12
lymph node micrometastasis.
Results A total of 370 No.12 lymph nodes were detected in 160 surgical specimens. Among 160 patients,
27 patients were found to be positive for No.12 lymph nodes during routine pathological examination, with
a positive rate of 16.8%. A total of 308 lymph nodes from 133 patients with negative routine pathological
examinations were stained by immunohistochemistry. A total of 17 lymph nodes from 10 patients were
found to be positive. The results showed that 37 of the 160 patients had No.12 lymph node metastasis,
and the positive rate was 23.1%, which was 6.3% higher than that of routine pathological examination.
Logistic multivariate analyses showed that the depth of invasion, lymph node metastasis in other groups,
and clinical stage were independent risk factors for No.12 lymph node metastasis. The average follow-up
time was 79.3 months, and the overall median survival time was 47.9 months. The survival time of the
No.12 lymph node-negative group was 67.3 ± 2.5 Â months, the median survival time was 73.2 months;
the survival time of the No.12 lymph node-positive group was (28.4 ± 5.4) months, and the median survival
time was 31.3 months. The survival time of the No.12 lymph node-negative group was significantly longer
than that of the positive group (χ2 = 12.75, P = 0.000).
Conclusion No.12 lymph node micrometastasis is a signal affecting the prognosis of patients with gastric
cancer. Standardized dissection of No.12 lymph nodes is recommended for patients with gastric cancer
who can undergo radical resection.
Key words: gastric tumor; lymphatic metastasis; micrometastasis

Gastric cancer is one of the most common
gastrointestinal malignancies. Compared with Japan,
South Korea, and other countries, the detection rate
of early gastric cancer in China is low. Many patients
are first diagnosed with gastric cancer when they have
already progressed to the advanced stage and already
lost the best treatment opportunity [1]. At present, the
scientific nature of radical surgery based on D2 lymph

node dissection is widely recognized, but there are
still some debates on the scope and strategy of some
local dissection [2]. The hepatoduodenal ligament is an
important anatomical marker in radical gastrectomy for
gastric cancer. It has important structures, such as the
biliary tract, portal vein, and proper artery. It is prone
to complications such as lymphatic leakage and bile
leakage after surgery. Therefore, cleaning the tissue
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in this area has high technical requirements for the
operator [3]. Regional lymph node metastasis is the main
factor affecting the prognosis of patients with gastric
cancer. Accurate determination of lymph node status is
of great significance for the rational selection of surgical
methods and accurate judgment of patient prognosis [4].
Lymph node micrometastasis (LNM) is a special form of
metastasis and its clinical significance in patients with
gastric cancer remains controversial [5]. In this study, 160
patients with gastric cancer who underwent D2 or above
radical surgery were studied to explore the occurrence
law of No.12 lymph node micrometastasis and its impact
on clinicopathological parameters and prognosis.

Materials and methods
Research object
From January 2012 to January 2016, we collected the
clinical data of gastric cancer patients in the General
Hospital of Jizhong Energy Fengfeng Group Co., Ltd. The
inclusion criteria were: (1) Radical lymphadenectomy
with D2 or above; (2) None of the patients received
radiotherapy or neoadjuvant chemotherapy before
surgery; (3) All patients were diagnosed with gastric
cancer for the first time; (4) Their ages ranged from 30
to 70 years. Exclusion criteria: (1) Patients with residual
gastric cancer; (2) Combined with other malignant tumors
or a history of malignant tumors; or (3) The clinical and
follow-up data were incomplete. Finally, 160 patients
were included in the study, including 154 patients with
advanced gastric cancer (96.2%) and 6 patients with
early gastric cancer (3.8%) comprising 88 males and 72
females. There were 99 elderly patients aged above 60
years. The tumor was mainly located in the lower 1/3,
with a total of 94 cases. The tumors were located in the
upper 1/3, middle 1/3, trans regional, or whole stomach
in 32 cases, 27 cases, and 7 cases, respectively. According
to the Borrmann classification, there were 9 cases of type
I, 43 cases of type II, 90 cases of type III, and 18 cases of
type IV. The clinical stages were generally delayed. There
were 36 cases of stage I + II and 124 cases of stage III and
IV. Serum carcinoembryonic antigen (CEA) level was
normal in 142 cases, increased in 18 cases; serum CA19-9
level was normal in 145 cases, and increased in 15 cases.
No.12 lymph node dissection steps
The omentum was cut close to the lower edge of the
liver, the visceral peritoneum of the hepatoduodenal
ligament was cut horizontally, and the proper hepatic
artery, the front of the common bile duct, and the right
gastric artery were dissected individually. The duodenal
peritoneum was opened by Kocher incision to reach
the rear of the duodenum, the right peritoneum of the
hepatoduodenal ligament was cut, the right edge of the
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common bile duct was exposed, and the No.12b and
No.12a lymph nodes were cleaned. The posterior wall
was then stripped from the back of the portal vein, the
cleaned tissue was pulled to the upper left, the No.12p
lymph nodes around the portal vein were cleaned, and
then stripped to the bifurcation of the common hepatic
artery and gastroduodenal artery. So far, the No.12 lymph
node has been cleaned.
Detection of clinical metastasis and
micrometastasis of lymph nodes
According to the operation specifications of
the kit, No.12 lymph node sections with negative
routine pathological examination were detected for
micrometastasis by immunohistochemical analysis.
Cytokeratin CK20 was detected using a two-step method.
The main operation steps include slicing, dewaxing,
antigen repair, elimination of endogenous peroxidase
activity by hydrogen peroxide, dropping primary
antibody (mouse anti-human CK20 monoclonal antibody,
Bode company), secondary antibody incubation, DAB
color development, counterstaining, dehydration,
transparency, sealing, and microscopic examination.
Follow up
Follow-up was mainly conducted through telephone
and outpatient visits. The duration of follow-up was
once every 3 months in the first year, once every half
a year in the second year, and once every year in the
third year and after. The follow-up period was until
January 2021. According to the condition of the patients,
routine blood examination, biochemical examination,
or thoracoabdominal basin CT and endoscopy were
performed. Nutritional deficiencies, such as those of
vitamin B12 and iron were closely monitored and treated,
if necessary.
Statistical analyses
All data were statistically analyzed using SPSS software
(version 20.0). The relationship between No.12 lymph
node metastasis and clinicopathological parameters
was analyzed using the chi square test, Fisher’s exact
probability method, and multivariate analyses was
performed using the logistic risk model. The log-rank
test was used to compare the effect of No.12 lymph
node metastasis on the prognosis of patients with gastric
cancer. Inspection level α = 0.05. Statistical significance
was set at P < 0.05.

Results
Routine pathological examination and
immunohistochemical staining were used
to detect lymph node metastasis and
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micrometastasis
A total of 370 No.12 lymph nodes were detected in
160 surgical specimens. Among the 160 patients, 27
patients were positive for No.12 lymph nodes during
routine pathological examination, with a positive rate
of 16.8%. A total of 308 lymph nodes from 133 patients
with negative routine pathological examinations were
stained by immunohistochemistry. A total of 17 lymph
nodes from 10 patients were found to be positive. The
results showed that 37 of the 160 patients had No.12
lymph node metastasis, and the positive rate was 23.1%,
which was 6.3% higher than that of routine pathological
examination (Fig. 1).
Univariate analysis of the effects of No.12
lymph node metastasis and micrometastasis
on clinicopathological parameters
Univariate analysis showed that the occurrence of No.12
lymph node clinical metastasis was related to Borrmann
classification, lymph node metastasis, and clinical stage
of gastric cancer (P < 0.05). The results showed that the
occurrence of No.12 lymph node micrometastasis was
only related to the Borrmann classification, lymph node
metastasis, and clinical stage of gastric cancer (P < 0.05)
(Table 1).
Multivariate analyses of the influence of No.12
lymph node metastasis on clinicopathological
parameters
The pathological factors, including tumor location,
No.12 lymph node metastasis, lymph node metastasis in
other groups, clinical stage, degree of differentiation, and
tumor diameter were included in the logistic risk model
for multivariate analyses. The results showed that the
depth of invasion, lymph node metastasis in other groups,
and clinical stage were independent risk factors affecting
No.12 lymph node metastasis (Table 2).
Follow up results
The average follow-up time was 79.3 months, and
the overall median survival time was 47.9 months. The
survival time of the No.12 lymph node-negative group
was 67.3 ± 2.5 Â months, the median survival time was
73.2 months; the survival time of the No.12 lymph nodepositive group was 28.4 ± 5.4) months, and the median
survival time was 31.3 months; and the difference
between the two groups was statistically significant (χ2
= 12.75, P = 0.000).The survival time of the No.12 lymph
node-negative group was significantly longer than that of
the positive group (Fig. 2).
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Discussion
In 1971, Huvos discovered the phenomenon of lymph
node micrometastases in breast cancer for the first time.
It was defined as a non-metastatic tumor with a diameter
less than 2 mm, which is difficult to detect by routine
pathological examination. In 1998, the international
alliance against cancer (UICC) updated this concept and
defined a single tumor cell or cell cluster with a diameter
of < 0.2 mm as “isolated tumor cell nest” (ITC). This
concept is still used today. Therefore, the most accurate
definition of LNM is the tumor cell cluster with 0.2 mm
≤ r < 2 mm [6].
In China, D2 lymph node dissection is generally
recognized as the standard surgical method for patients
with gastric cancer. The Japanese Gastric Cancer
Association divides the lymph nodes into three stations
and 16 groups of lymph nodes according to the gastric
omentum and large blood vessels around the stomach [7].
Groups 1 to 6 belong to the first stop, including the left
and right of the cardia, large and small curvatures of the
stomach, and upper and lower pylorus. The second and
third stations, that is, groups 7–16, include the total liver,
pancreas, posterior duodenum, celiac trunk, left stomach,
splenic artery and hilar lymph nodes, superior mesenteric
artery lymph nodes, and para-aortic lymph nodes [8].
The hepatoduodenal lymph nodes are no.12a along
the hepatic artery, no.12b along the bile duct, and no.12p
behind the portal vein [9]. There are many methods for
detecting LNM. The serial section method was first
used in the clinic, but it is difficult to detect a small
number of cancer cells because of its heavy workload.
RT-PCR has high specificity and sensitivity, but it
has high requirements for experimental technology,
is uneconomical, and has not been fully popularized.
Therefore, at present, the most commonly used method
for detecting LNM is the immunohistochemical method,
which is economical, easy to perform, and widely used
[10]
.
A total of 370 No.12 lymph nodes were detected in 160
surgical specimens. Among the 160 patients, 27 patients
were positive for No.12 lymph nodes during routine
pathological examination, with a positive rate of 16.8%.
Furthermore, cytokeratin CK20, with high sensitivity,
was used to detect micrometastases. A total of 308 lymph
nodes from 133 patients with negative routine pathological
examinations were stained by immunohistochemistry. A
total of 17 lymph nodes in 10 patients were found to be
positive. The results showed that 37 of the 160 patients
had No.12 lymph node metastasis, and the positive rate
was 23.1%, which was 6.3% higher than that of routine
pathological examination. As an important defense line
of human immune function, the lymphatic system will be
significantly damaged by the expansion of intraoperative
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Fig. 1 Routine pathological examination and immunohistochemical staining of the lymph nodes

Table 1

Comparison of the effects of No.12 lymph node metastasis and micrometastasis on each clinicopathological parameter

Index
Gender
Female
Male
Age (years)
< 60
≥ 60
Tumor site
Upper 1/3
Middle 1/3
Down 1/3
Whole stomach
Differentiation
Low
Middle-high
Borrmann
I
II
III
IV
Lauren
intestinal
diffuse
Size (cm)
<5
≥5
Lymphatic metastasis
Yes
No
Stage
I + II
III + IV
CEA
Normal
Rise
CA19-9
Normal
Rise

No.12 Conventional
pathology (+)

No.12 Conventional
pathology (–)

15
12

73
60

9
18

52
81

5
4
15
3

27
23
79
4

17
10

89
44

1
6
11
9

8
37
79
9

15
12

70
63

16
11

82
51

26
1

102
31

2
25

34
99

24
3

118
15

25
2

120
13

χ2

P

0.004

0.949

0.316

0.574

3.543

0.315

0.157

0.692

15.944

0.001

0.077

0.781

0.054

0.816

5.391

0.020

4.243

0.039

0.001

0.980

0.148

0.700

No.12 (+)

No.12 (–)

18
19

70
53

13
24

48
75

6
5
17
4

26
22
77
3

24
13

82
41

1
6
15
15

8
37
75
3

24
13

61
62

22
15

76
47

35
2

93
30

3
34

33
90

33
4

109
14

34
3

111
12

χ2

P

0.784

0.376

0.182

0.669

6.319

0.097

0.041

0.839

41.581

0.000

2.664

0.103

0.065

0.799

6.407

0.011

5.717

0.017

0.009

0.923

0.091

0.763
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Table 2 Multivariate analyses of the impact of patient clinicopathological parameters
Index
Tumor site
T stage
Lymphatic metastasis
Clinical stages
Differentiation
Size

SE
0.575
0.864
0.661
0.961
0.927
0.763

Wald
1.566
5.159
6.026
4.026
1.217
2.562

Fig. 2 No.12 Comparison of survival curves between patients in the
lymph node-negative and positive groups

lymph node dissection, which greatly reduces the
immune ability of patients to tumors and affects the longterm prognosis of patients. In addition, the anatomy of
the hepatoduodenal ligament is complex, and the surgical
risk is high. Cleaning this area will significantly improve
the occurrence of postoperative complications such as
bile leakage, gallbladder injury, hepatic artery stenosis,
portal vein injury, and lymphoma. Therefore, there is
still controversy regarding whether No.12 lymph nodes
should be routinely cleaned in radical gastrectomy.
However, in this study, combined with the results of
routine pathological examination and micrometastasis
detection, it was found that the metastasis rate of No.12
lymph nodes could be as high as 23.1%, which proved the
necessity of cleaning No.12 lymph nodes during radical
gastrectomy.
Feng et al. [11] reported that the depth of tumor
invasion and Borrmann classification are the most
important factors affecting No.12 lymph node metastasis,
which is consistent with the conclusion of this study.
It further shows that tumor infiltration into the serosa
and Borrmann type IV are important factors for lymph
node metastasis of gastric cancer No.12. This suggests that
patients with poor Borrmann classification, lymph node
metastasis in other groups, and late clinical stage should
pay more attention to the significance of No.12 lymph

df
1
1
1
1
1
1

95%CI
0.182–1.731
0.191–5.661
0.163–2.177
0.091–3.920
0.091–3.452
0.126–2.503

P
0.226
0.024
0.013
0.037
0.305
0.063

node dissection. However, no correlation was observed
between No.12 lymph node metastasis and tumor location
(P > 0.05). The relationship between No.12 lymph node
metastasis and tumor location in gastric cancer needs to
be further studied.
Regarding the significance of lymph node
micrometastasis on the prognosis of patients, some
researchers believe that there is a correlation between
them, while others believe that micrometastasis has no
effect on the prognosis of patients. The patients in this
group were followed up for an average of 79.3 months.
It was found that the survival time of patients in No.12
lymph node negative group and positive group were
(67.3 ± 2.5) months and (28.4 ± 5.4) months respectively.
The survival time of patients in the No.12 lymph nodenegative group was significantly longer than that in the
positive group. This more intuitively illustrates the impact
of No.12 lymph node metastasis on patient prognosis.
Therefore, we believe that it is necessary to perform
No.12 lymph node metastasis in patients with gastric
cancer. As a relatively controllable factor, postoperative
complications should follow the principle of No.12
lymph node dissection to perform vascular choroidization
dissection to avoid the shedding and planting of tumor
cells. Careful identification of duct structures, such as the
bile duct, portal vein, and hepatic artery, is an important
measure to prevent postoperative complications.
In conclusion, No.12 lymph node metastasis is a strong
indicator of poor prognosis. Standardized lymph node
dissection is recommended for patients with advanced
gastric cancer who can undergo radical resection.
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Objective The aim of this study was to investigate the effects of rearranged during transfection (RET)
mutation on the expressions of calcitonin (CTn) and procalcitonin (PCT) in sporadic medullary thyroid
carcinoma (SMTC).
Methods RET mutation was detected by polymerase chain reaction direct sequencing in 64
cases of SMTC, and the expression levels of CTn and PCT in SMTC tissues were detected using the
immunohistochemical streptavidin-perosidase (SP) method. The effect of RET mutations on the expression
of CTn and PCT along with its relationship with clinicopathological parameters were analyzed.
Results The expression rates of CTn and PCT in SMTC tissues were 90.6% (58/64) and 67.2% (43/64),
respectively. CTn and PCT expression were found to be associated with tumor size and lymph node
metastasis (P < 0.05) but not with gender, age, or tumor capsule invasion (P > 0.05). There was a significant
correlation between CTn and PCT expression (r = 0.269, P = 0.041), and the intensity of positive CTn
expression was positively correlated with RET mutation (r = 0.507, P = 0.000). However, PCT expression
was not associated with RET mutation (r = 0.188, P = 0.136).
Conclusion High expression of CTn and PCT was associated with the progression of medullary
carcinoma, and the intensity of CTn expression was associated with RET mutation. PCT may provide
valuable information for the diagnosis and prognosis of SMTC.
Key words: sporadic medullary thyroid carcinoma (SMTC); procalcitonin; calcitonin: rearranged during
transfection (RET)

Medullary thyroid carcinoma (MTC) is derived from
thyroid parafollicular cells and occurs in two forms,
namely sporadic (SMTC) and hereditary (HMTC). MTC
accounts for approximately 5%–10% of thyroid cancer
cases [1], with a high degree of malignancy characterized
by high invasiveness and high risks of metastasis,
recurrence, and poor prognosis. Thus, early diagnosis is
extremely important. The most common tumor marker
used for MTC diagnosis and monitoring is calcitonin
(CTn) [2–3]. Procalcitonin (PCT) is a precursor of CTn
and has been used as a diagnostic marker for bacterial or
fungal infections and sepsis [4–5], but recent studies have
shown that serum PCT detection is also useful in MTC
diagnosis and follow-up [6]. In this study, rearranged
during transfection (RET ) mutations and their effects on
the expression of CTn and PCT in patients with SMTC
were analyzed. The results were then comprehensively

evaluated in reference to clinicopathological parameters
to provide valuable information for SMTC diagnosis and
treatment.

Materials and methods
Subjects
Data on 64 patients with pathologically confirmed
SMTC who were treated at the Department of Head and
Neck Surgery, Gansu Cancer Hospital, from October 2007
to January 2018 were collected. Of these, 30 were males
and 34 were females, with a median age of 49.8 ± 12.6
years. Thirty-seven patients had lymph node metastasis,
while 27 were without lymph node metastasis. All
histopathological diagnoses were reconfirmed by two
senior pathologists. No patient received treatment for
SMTC before being treated at our hospital, and informed
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Table 1 PCR amplification primers for RET mutation
Gene

Sequence (5′→3′)

RET ex8 Forward
Reverse
RET ex10 Forward
Reverse
RET ex11 Forward
Reverse
RET ex13 Forward
Reverse
RET ex14 Forward
Reverse
RET ex15 Forward
Reverse
RET ex16 Forward
Reverse

TGCTGCCCTGGGTCTGTC
ACCTTCCCAAGTCCAGAGTGAATC
CATGGCTTCAGAAAGGCACTG
CCTTGTTGGGACCTCAGATGTG
CATGCTCGATGGGGTGTTC
GACCCTCACCAGGATCTTGAA
CTGCTCTGTGCTGCATTTCA
GCCCCTCTGATGGAAAGTGAC
GGAGGCAGAGAGCAAGTGGTT
CCATATGCACGCACCTTCATCT
CGACTCGTGCTATTTTTCCTC
AGGCTGAGCGGAGTTCTAAT
CTCCAGCCCCTTCAAAGATGT
CCATTTGCCTCACGAACACA

Annealing
Temperature
59 °C
59 °C
60 °C
58 °C
58 °C
60 °C
60 °C

consent was obtained from all patients and their families.
Reagents and methods
DNA extraction and purification E.Z.N.A.™ FFPE
DNA Kit was purchased from Omega Bio-tek (USA), and
Green Tag Mix was purchased from Nanjing Vazyme
Biotech Co., Ltd. (China). Mouse anti-human PCT
monoclonal antibody was purchased from Novus (USA),
and CTn antibody, SP immunohistochemical kit, DAB
chromogenic kit, phosphate-buffered solution (PBS), and
citric acid repair solution were purchased from Beijing
Zhongshan Jinqiao Biotechnology Company (China). The
primers corresponding to the target fragment of the RET
gene to be amplified were designed using Primer 5.0 and
Oligo6 software (Table 1) and synthesized by Suzhou
Jinweizhi Biotechnology Company (China).
All specimens were fixed in 4% neutral formaldehyde,
dehydrated, embedded in paraffin, and cut into 4 µmthick sections. Immunohistochemical staining was
performed after reexamination of routine hematoxylin
and eosin (HE)-stained sections to verify and determine
the diagnosis. Known sections were used as positive
controls, and PBS, instead of primary antibody, was
used as negative controls. All steps were performed in
strict accordance with the instructions provided by the
manusfacturer of the SP immunohistochemical kit.
After immunohistochemical staining, additional – three
to eight sections (4–10 µm thick) were processed with
conventional xylene and absolute ethanol, after which
DNA was extracted and purified using an E.Z.N.A.™ FFPE
DNA Kit according to the manufacturer’s instructions.
The concentration and purity of the extracted DNA were
determined using an ultramicro spectrophotometer.
Amplified gene fragments were then determined
according to the complete RET gene sequence published
in the GenBank database of the National Center for

Biotechnology Information. Qualified genomic DNA
was amplified using polymerase chain reaction, and the
products were then sequenced. The sequencing results
were compared with the normal RET gene sequence to
determine whether mutation had occurred. All samples
were divided into the mutant and wild-type RET groups.
Determination of results
CTn- and PCT-positive products were localized in the
cytoplasm or nucleus and were brown and brownishyellow in color. The results of pathological staining
were determined by two professional pathologists with
reference to the literature (7). The following scores were
given according to the degree of positive staining of the
cells: 0, no staining; 1, yellow (+); 2, brownish-yellow
(++); and 3, brown (+++). Meanwhile, the following scores
were given according to the number of positive cells: 0,
positive cell count below 5%; 1, positive cell count below
25% (+); 2, positive cell count ≥ 25% but < 50% (++); and3,
positive cell count ≥ 50% (+). Five fields were randomly
selected, and 100 cells were counted by light microscopy
at 200× magnification, and the average was calculated.
The staining degree score and the percentage of stained
cells in each slide were multiplied, and a final score of 0
represents a negative while ≥ 1 is a positive.
Statistical analysis
Data analysis was conducted using SPSS 22.0 (SPSS
Inc., USA). The correlation of CTn and PCT expressions
with clinicopathological parameters was determined
using Pearson chi-square (χ2) test, while that with
their RET mutations were analyzed by non-parametric
Spearman correlation analysis. |r| Є [0.1, 1] was considered
correlated, and P < 0.05 was considered statistically
significant.

Results
CTn and PCT expression and correlation
The positive rates of CTn and PCT in SMTC were 90.6%
(58/64) and 67.2% (43/64), respectively. The expressions of
CTn and PCT in SMTC tissues were positively correlated
(r = 0.269, P = 0.041) and significantly different (P < 0.05;
Table 2 and Fig. 1).
Relationship between CTn or PCT expression and
clinicopathologic parameters
CTn e xpression was not associated with gender, age,
or capsular invasion (P > 0.05) but was significantly
associated with tumor size (P = 0.001) and lymph node
metastasis (P = 0.032). Meanwhile, PCT expression was
not associated with gender, age, tumor size, or capsular
invasion but was associated with lymph node metastasis
(P = 0.026; Table 3)
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Table 2
[n (%)]
PCT
<1 (–)
≥1 (+)
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+
11 (64.7)
16 (39.0)

a

++
5 (29.4)
14 (34.1)

CTn
+++
1 (5.9)
11 (26.8)

r

P

0.269

0.041

b

Fig. 1 Immunohistochemical staining of CTn and PCT in SMTC tissues
(SP × 200). (a) CTn was positively expressed in SMTC tissues; (b) PCT
was positively expressed in SMTC tissues

Relationship between CTn or PCT expression and RET
gene mutation
The RET mutation rate in SMTC tissues was 37.5%
(24/64), with 24 cases in the mutation group and 40 cases
in the wild-type group.
Among the RET mutants, the proportion of moderate
and strong positive CTn expression were 54.2% (13/24)
and 33.3% (8/24), respectively, which were higher
than the 15.0% (6/40) and 10.0% (4/40) observed in the
wild-type. The intensity of positive CTn expression was
significantly and positively correlated with RET mutation
(r = 0.507, P = 0.000).
The positive rate of PCT in mutant RET was 75.0%
(18/24), which was higher than the 62.5% (25/40)
observed in the wild-type, although the difference was
not statistically significant (P > 0.05). In addition, no
correlation was found between PCT expression and RET
mutation (r = 0.188, P = 0.136; Fig. 2 and Table 4).

Discussion
With the development of tumor molecular biology
research in recent years, significant achievements have
been made in the study of the molecular biology of MTC,
particularly for serial studies related to the RET gene.
RET gene mutation detection is of great value in MTC
diagnosis, treatment, and prognostic evaluation [8–9].

Table 3 Relationship between CTn or PCT expression and clinicopathological
parameters [n (%)]
CTn
PCT
P
P
χ2
Variables
χ2
positive
positive
Gender
0.488 0.485
0.007 0.934
male
28 (93.3)
20 (66.7)
female
30 (88.2)
23 (67.6)
Age (years)
0.717 0.397
2.430 0.119
< 55
39 (92.9)
31 (73.8)
≥ 55
19 (86.4)
12 (54.5)
Tumor size (cm)
13.094 0.001
0.345 0.842
<2
6 (60.0)
6 (60.0)
2–4
23 (95.8)
16 (66.7)
≥4
29 (96.7)
21 (70.0)
Lymph node metastasis
4.596 0.032
4.982 0.026
N0
22 (81.5)
14 (51.9)
N1
36 (97.3)
29 (78.4)
Capsular invasion
0.003 0.955
0.015 0.902
Yes
38 (90.5)
28 (66.7)
No
20 (90.9)
15 (68.2)

MTC has high malignancy, poor prognosis, and is prone
to metastasis and recurrence; thus, its early diagnosis
is crucial. This highlights the importance of valuable
molecular markers that may help advance early diagnosis
and prognostic evaluation of MTC.
CTn, a 32-amino acid short peptide hormone
synthesized and secreted by thyroid C cells, is the
product of the CALC1 gene and the main tumor marker
of MTC. It is currently widely used for MTC diagnosis
and follow-up [10–11]. While most of the CTn tests in
clinical work use serological test values to assess disease
progression, postoperative follow-up, and prognosis, they
can also be used to guide the choice of surgical approach
for MTC [12]. The results of this study showed that the
positive rate of CTn in SMTC tissues was 90.6% and
that its expression was related to tumor size and lymph
node metastasis, similar to the serum detection results of
CTn values [13–14]. The expression of CTn in tumor tissues
also showed an increasing trend with the progression of
the disease, and the probability of cervical lymph node
metastasis increased upon CTn expression. Although the
level of CTn expression in MTC tissues is similar to that
of serum CTn, the latter is affected by hypercalcemia,
hypergastrinemia, and other chronic autoimmune
diseases [15]. The expression status of CTn in tumor tissues

Relationship between CTn or PCT expression and RET mutation [n (%)]
PCT expression
CTn expression
RET
P
r
P
P
r
P
χ2
χ2
+++
++
+
+++
++
+
–
mutant
8 (33.3) 13 (54.2) 1 (4.2)
2 (8.3)
14 (58.3) 4 (16.7) 0 6 (25.0)
25.309 0.000 0.507 0.000
2.627 0.269 0.188 0.136
wild-type 4 (10.0) 6 (15.0) 26 (65.0) 4 (10.0)
15 (37.5) 10 (25.0) 0 15 (37.5)

Table 4
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can directly reflect the synthesis of CTn by tumors, which
can in turn reflect tumor growth. This study showed that
the intensity of positive CTn expression intensity was
positively correlated with RET mutation and that the
proportions of moderate and strong positive CTn in the
mutant RET group were significantly higher than those
in the wild-type RET group (P = 0.000). Mutation of RET
led to abnormal structure and function of some proteins
or enzymes in the body, resulting in uncontrolled cell
growth and tumorigenesis while increasing CTn mRNA,
followed by increased CTn synthesis and secretion. A
stronger CTn expression indicated a higher degree of
malignancy and poor prognosis of the tumor, while the
clinical manifestations of the patients were characterized
by rapid disease progression, poor therapeutic efficacy,
and poor prognosis.
PCT is a polypeptide containing 116 amino acids
composed of CTn and a product of the CALC1 gene. In
thyroid C cells, transcription and synthesis generate premRNA, which is then translated by polypeptidase to form
PCT [16]. PCT, as a specific indicator for the differential
diagnosis between infectious and noninfectious diseases,
has also been reported to be expressed at increased levels
in MTC and is considered a valuable tumor marker for
MTC diagnosis and follow-up [17–18]. Therefore, serum
PCT testing has been recommended as a routine test
for MTC; however, there are many influencing factors
of PCT in the serum, and its clinical value is limited [19].
This study showed that the positive expression level of
PCT in SMTC tissues was associated with lymph node
metastasis, similar to that reported in serum PCT studies
[6, 18]
, reinforcing the value of PCT in the diagnosis and
prognostic evaluation of MTC. Previous studies have also
suggested a correlation between PCT and CTn levels in
the serum of patients with MTC. PCT is relatively stable
compared with serum CTn under in vitro conditions and
in some cases of patients with MTC and negative serum
CTn or low CTn levels. A low PCT to CTn ratio may
indicate that it is related to C cell proliferation, while
a high ratio is related to MTC metastasis [20–21]. In this
study, we found a significant correlation between PCT
and CTn expression in SMTC tissues (P = 0.041), whereas
no correlation was observed between PCT expression
and RET mutation (r = 0.188, P = 0.136). This suggests
that PCT expression is relatively stable in SMTC tissues
and may be a valuable and reliable indicator for MTC
diagnosis.
To conclude, CTn and PCT were highly expressed in
SMTC tissues and were correlated with tumor size and
lymph node metastasis. Their expression was significantly
correlated, suggesting that they are associated with tumor
occurrence and development. We believe that PCT
expression in MTC tissues may be used as a diagnostic
indicator and as a reference indicator to evaluate the
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degree of malignancy and prognosis of MTC. However,
the relationship between PCT expression in MTC tissues
and serum PCT levels and the significance of changes in
serum PCT require further exploration.
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Objective Long non-coding RNAs (lncRNAs) regulate tumor development and progression by promoting
tumor proliferation, invasion, and metastasis. The aim of the study was to investigate the effects of lncRNA
growth arrest-special 5 (GAS5) on proliferation and apoptosis of hepatocellular carcinoma (HCC) cells
through miR-26a-5p action.
Methods Expression levels of GAS5 were detected in cancerous and paracancerous tissue of 80 HCC
patients by RT-qPCR. The starBase tool predicted that GAS5 had binding sites for the miRNA miR-26a-5p,
which was also highly expressed in HCC tissue. The relationship between GAS5 and miR-26a-5p was
confirmed using a luciferase reporter assay. The role of these lncRNAs was further explored by transfecting
plasmids into SMMC-7721 cells and classifying the cells as follows: NC group, GAS5 group, anti-miR26a-5p group, and GAS5 + miR-26a-5p group. Cell proliferation, cell cycle, and apoptosis were detected
in each group. The relationship between miR-26a-5p and phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) was analyzed by TargetScan database prediction and luciferase reporter assay.
Western blotting was used to quantify PTEN, phosphatidylinositol 3-kinase (PI3K), phosphorylated protein
kinase B (p-Akt), cyclin D1, and human P27 protein (P27).
Results GAS5 was downregulated, while miR-26a-5p was upregulated in HCC tissue compared to in
paracancerous tissue. High GAS5 levels and low miR-26a-5p levels inhibited cell proliferation, increased
the number of G0/G1 phase cells, promoted cell apoptosis, promoted PTEN and P27 expression, and
inhibited PI3K, P-Akt, and cyclin D1 expression at the protein level. Upregulation of miR-26a-5p attenuated
the effects of GAS5 upregulation on the proliferation, cell cycle, and apoptosis of HCC cells and on the
expression of PTNE/PI3K/Akt signaling pathway-related proteins.
Conclusion Low GAS5 levels regulate the proliferation and apoptosis of HCC cells via the PTNE/PI3K/
Akt signaling pathway and are linked to upregulation of miR-26a-5p.
Key words: lncRNA GAS5; miR-26a-5p; hepatocellular carcinoma (HCC); cell proliferation; cell cycle;
apoptosis

Primary liver cancer is one of the most common
malignant tumors, with an incidence second only to that
of lung cancer worldwide [1]. Approximately half of liver
cancer patients globally are from China, and approximately
350 000 people die of liver cancer every year, posing a
serious threat to the health of Chinese individuals [2].
Hepatocellular carcinoma (HCC) has the highest incidence
in primary liver cancers. HCC is characterized by high
 Correspondence to: Zunli Yi. Email: YZL1575@163.com
© 2022 Huazhong University of Science and Technology

malignancy and more invasive growth and occurs when
cancer cells invade the arteriovenous system and bile
ducts. HCC has a low surgical resection rate and frequent
recurrence and metastasis after surgery, which seriously
affects the survival rate of HCC patients [3]. Recent studies
have found that long noncoding RNA (lncRNA) plays
an important role in the regulation of the cell cycle,
tumor cell invasion and metastasis, dose compensation
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effects, and other biological behaviors and are therefore
similar to oncogenes or tumor suppressor genes. The
lncRNA small nucleolar RNA growth arrest-special 5
(GAS5) is located at the break point of human 6q15
chromosome translocation. GAS5 plays a role in many
cancers, including cervical [4], stomach [5], and prostate
cancer [6]. Many tumor suppressor genes, oncopromoter
genes, non-coding RNAs, microRNA (miRNA), and
protein factors have been implicated in the occurrence
and development of HCC. MiR-26a-5p is lowly expressed
in HCC cells, and up-regulation of its expression can
inhibit the proliferation and invasion of HCC cells and
promote cancer cell apoptosis [7]. The expression of miR21 is up-regulated in HCC, while the expression of PTEN
is down-regulated. Up-regualation of miR-21 promotes
the proliferation, migration and invation of HCC cells by
inhibiting the expression of PTEN [8]. But the role of GAS5
in HCC remains unclear. A variety of microRNA-lncRNA
interactions are also involved in the occurrence and
development of cancer. GAS5 inhibited the proliferation
and invasion ability of HCC cells and promoted HCC
cell apoptosis by targeting down-regulation of miR1323 expression [9]. GAS5 inhibits the proliferation of
laryngeal squamous cell carcinoma cells and promotes
autophagy in cancer cells by targeting down-regulation
of miR-26a-5p expression [10]. Therefore, in the present
study, we explored the effects of GAS5 and miR-26a5p on HCC cell cycle and apoptosis, and analyzed their
targeted regulatory roles, may identify novel targets for
HCC treatment in future.

Materials and methods
Samples and participants
Cancer and normal tissue samples (more than 2.5
cm away from the cancer tissue) were obtained from
80 patients with HCC who received surgical treatment
in our hospital (Yuechi People’s Hospital, Guangan,
China) from July 2018 to October 2019. All cases were
pathologically confirmed to be primary HCC without
other primary tumors. This study was approved by the
Ethics Committee of our hospital (Yuechi People’s
Hospital, Guangan, China), with voluntary participation
and signed informed consent obtained from the patients
and their families. Human hepatocyte LO2 and human
HCC cell lines (HepG2.2.15, SMMC-7721, Huh7, Bel7402, MHCC97-H, and MHCC97-L) were purchased from
Shanghai Cell Bank at the Chinese Academy of Sciences.
Reagents and instruments
Cell transfection plasmids were purchased from
Shanghai Jima Co., Ltd, China. Dulbecco’s modification
of Eagle’s medium (DMEM) and fetal bovine serum were
purchased from Gibco, USA. The reverse transcription
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kit was purchased from Sigma, USA. Lipofectamine-2000
was purchased from Vector, Inc., USA. Trizol reagent
was purchased from TAKARA, Japan. The EdU cell
proliferation kit was purchased from Guangzhou
Ruibo, China. The apoptosis detection kit and cell
cycle detection kit were purchased from Shanghai
Biyuntian Biotechnology, China. The western blotting
kit was purchased from BD, USA. Rabbit polyclonal PI3K
(AB39670), rabbit monoclonal Bax (AB32503), rabbit
monoclonal Bcl-2 (AB32124), rabbit polyclonal P27
(AB137736), and rabbit monoclonal cyclin D1 (AB16663)
were purchased from Abcam, USA. Goat anti-rabbit IgG
secondary antibody was purchased from Jinqiao, China.
Luciferase assay kit was purchased from Promega, USA.
Prediction of the relationship between miR26a-5p, GAS5, and PTEN
The bioinformatics tools starBase and TargetScan were
used to predict the relationship between miR-26a-5p,
GAS5, and PTEN.
RT-qPCR of GAS5 and miR-26a-5p in HCC
tissue and cells
Total RNA was extracted using the Trizol reagent
according to the manufacturer’s instructions. Reverse
transcription was performed on 20 ng/μL of total RNA
according to the manufacturer’s instructions. RNA was
reverse transcribed into cDNA by Prime ScriptTM RT
Master Mix. And the quality of RNA was determined
by nanodrop. Real time quantitative PCR (RT-qPCR)
was performed according to the following program:
denaturation at 75 °C for 2 min, followed by 40 cycles of
denaturation at 90 °C for 5 min, annealing at 60 °C for 60
s, and extension at 72 °C for 30 s. The relative expression
of target mRNAs was determined using the 2–∆∆CT method
[10–11]
. The experiment was repeated independently three
times for each sample.
Cell culture and transfection
The human HCC cell line SMMC-7721 was cultured in
DMEM containing 10% fetal bovine serum. The medium
was changed once every 2 days, until a confluency of
about 90% was reached. SMMC-7721 cells in logarithmic
growth phase were transfected using Lipofectamine 2000
according to the manufacturer’s instructions. The cells
were grouped as follows: the NC group was transfected
with a negative control plasmid, the GAS5 group was
transfected with an overexpression plasmid for GAS5, the
anti-miR-26a-5p group was transfected with an siRNA
plasmid for miR-26a-5p, and the GAS5 + miR-26a5p group was transfected simultaneously with a GAS5
overexpression plasmid and a miR-26a-5p overexpression
plasmid.
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RNA immunoprecipitation (RIP) assay
RIP
was
performed
using
a
MagnaRNA
immunoprecipitation kit according to the manufacturer’s
instructions. SMMC-7721 cells were transfected with
miR-26a-5p mimic or miR-NC and then collected and
lysed in cell lysis buffer from RIP kit. The supernatant
was collected and incubated in RIP immunoprecipitation
buffer containing magnetic beads bound to Ago2 or IgG
antibodies, and the expression level of GAS5 enriched on
the beads was analyzed by RT-qPCR.
Luciferase reporter assay
Based on the binding sites predicted by TargetScan,
the GAS5 and PTEN fragments containing miR-26a-5p
binding sites were amplified by PCR, and the amplified
fragments were inserted into the psiCHECK luciferase
vector. Wild-type plasmid was constructed for both GAS5
and PTEN and denoted as psiCHECK-GAS5-wild and
psiCHECK-PTEN-wild, respectively. Simultaneously,
nucleotides in the binding sites were mutated, resulting
in the construction of mutant plasmids psiCHECKGAS5-mutant and psiCHECK-PTEN-mutant. Both miR26a-5p mimic and negative control mimic-NC were cotransfected with no-load plasmid, psiCHECK-GAS5-wild
and psiCHECK-PTEN-wild, or psiCHECK-GAS5-mutant
and psiCHECK-PTEN-mutant plasmids. The luciferase
activity was detected at 24 h after transfection in HEK293
cells according to the manufacturer’s instructions.
EdU assay
Cells in each group were digested with trypsin and
then inoculated into 96-well plates at a density of 5
× 103 cells/well. Cells were cultured for 24 h and then
stained and washed according to the manufacturer’s
instructions. The cells were photographed and analyzed
using a fluorescence inverted microscope (Nikon, Japan).
Cell proliferation rate = positive edU staining under field
/ positive Hochest staining under field × 100%.
Flow cytometry
Adherent cells from each group were removed
from their culture dish by trypsinization. Cells were
resuspended in binding buffer and gently aspirated into
single-cell suspensions. After incubating at 25 °C for 15
min, the rate of apoptosis and the cell cycle stage in each
group were determined by flow cytometry. Annexin
V-FITC (5 μL) and 7-AAD (5 μL) were added to each
group, and the number of cells was adjusted to about 1
× 105 cells.
Western blotting
Total protein was extracted from sample tissue and
cells using a total protein extraction kit (Biyuntian,
China) according to the manufacturer’s instructions.
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Protein content was determined by BCA assay (Biyuntian,
China). Protein samples were separated using SDS-PAGE
and then transferred to PVDF membrane. Membranes
were incubated in blocking solution containing 5% BSA
at room temperature for 2 h. Antibody diluents of PTEN
(1:500), PI3K (1:2000), P-Akt (1:1000), P27 (1:1000),
Cyclin D1 (1:1000) and GAPDH (1:5000) were added and
incubated at 4 °C overnight. Membranes were washed
with buffer solution three times, and then, the diluted
secondary antibody was added. After incubation at room
temperature for 1 h, the blot was visualized and analyzed
using a chemiluminescent substrate reagents (ECL) and
ImageJ software.
Statistical analysis
SPSS version 19.0 was used for statistical analysis,
and GraphPad version 5.01 was used to generate figures.
Measurement data were expressed as the mean ± standard
deviation. Pearson’s co-efficient was used for correlation
analysis. One-way analysis of variance was used for
comparison between multiple groups, and independent
sample t tests were used for comparison between two
groups. A P < 0.05 was considered to be statistically
significant.

Results
Expression of GAS5 and miR-26a-5p in HCC
tissue and cell lines
The expression level of GAS5 and miR-26a-5p in HCC
and adjacent paracancerous tissue was detected by RTqPCR. Compared with that in the adjacent tissue, the
expression of GAS5 was significantly decreased in HCC
tissue, and the expression of miR-26a-5p was significantly
increased (P < 0.05). The expression levels of GAS5 and
miR-26a-5p in HCC cell lines HepG2.2.15, SMMC7721, HUH7, Bel-7402, MHCC97-H, and MHCC97-L
were significantly different from those in the human
hepatocyte cell line LO2 (P < 0.05; Fig. 1).
Relationship between GAS5 and miR-26a-5p
The starBase database was used to predict several
binding sites between GAS5 and miR-26a-5p (Fig. 2a). A
dual luciferase reporter assay was performed to confirm
these interactions. The luciferase activity of psiCHECKGAS5-wild was significantly enhanced after transfection
of miR-26a-5p, while the luciferase activity of the
psiCHECK-GAS5-mutant and no-loading plasmids did
not change significantly (P > 0.05; Fig. 2b). This suggests
that miR-26a-5p has a targeted regulatory relationship
with GAS5. The overexpression of miR-26a-5p resulted
in a significantly higher level of RIP Ago2-enriched
GAS5, while the enrichment effect of the RIP IgG group
was significant (Fig. 2c).
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Fig. 1 Quantitation of GAS5 and miR-26a-5p in HCC tissue and cell lines. (a) The expression of GAS5 was detected in HCC and adjacent tissue
by RT-qPCR. (b) GAS5 was expressed at low levels in all HCC cell lines but at a high level in a hepatocyte cell line (LO2). (c) The expression of miR26a-5p was detected in HCC and adjacent tissue by RT-qPCR. (d) miR-26a-5p was expressed at high levels in all HCC cell lines but at a low level in a
hepatocyte cell line (LO2). * P < 0.05; HCC: hepatocellular carcinoma

Fig. 2 Relationship between GAS5 and miR-26a-5p. (a) The predicted binding sites of GAS5 and miR-26a-5p. (b) Double luciferase reporter assay to
confirm the relationship between GAS5 and miR-26a-5p. (c) RT-qPCR was used to detect RIP Ago2 and RIP IgG-enriched GAS5 levels in SMMC-7721
cells transfected with miR-26a-5p or miR-NC

Effects of GAS5 and miR-26a-5p on the
proliferation of SMMC-7721 cells
An EdU assay was used to detect the proliferative ability
of cells in each group. There was a statistically significant
difference in the number of EdU positive cells between
all groups (P < 0.05). Pairwise comparison revealed that
the GAS5 and anti-miR-26a-5p groups had significantly
fewer EdU-positive cells compared to the NC group (P <
0.05). The number of EdU positive cells in the lncRNA
GAS5 + miR-26a-5p group was significantly higher than
that of the GAS5 group (P < 0.05; Fig. 3).
Effect of GAS5 and miR-26a-5p on the cell
cycle of SMMC-7721 cells
Flow cytometry was used to detect the cell cycle of
cells in each group. There was a statistically significant

difference in cell cycle phases among all groups (P <
0.05). Pairwise comparisons revealed that the number of
cells in the G0/G1 phase was significantly higher in the
GAS5 and anti-miR-26a-5p groups compared to that in
the NC group, while the number of cells in the S-phase
was significantly decreased (P < 0.05). The number of
cells in the G0/G1 phase was significantly lower in the
lncRNA GAS5 + miR-26a-5p group compared to that in
the GAS5 group, while the number of cells in the S phase
was significantly higher (P < 0.05; Fig. 4).
Effects of GAS5 and miR-26a-5p on apoptosis
in SMMC-7721 cells
There was a statistically significant difference in
apoptosis rates among all groups (P < 0.05). Pairwise
comparisons revealed that the number of apoptotic cells
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Fig. 3 Proliferative ability of transfected SMMC-7721 cells in each group detected by EdU assay (100×). (a) An EdU assay was used to detect cell
proliferation in each group. (b) The number of EdU- positive cells in each group. * P < 0.05 compared to the NC group, # P < 0.05 compared with the
GAS5 group

Fig. 4 Cell cycle phase differences in transfected SMMC-7721 cells in each group according to flow cytometry. (a) Flow cytometry results for each
group. (b) Cell cycle stage distribution in each group

in the GAS5 and anti-miR-26a-5p groups was significantly
higher than in the NC group (P < 0.05). The number of
apoptotic cells in the lncRNA GAS5 + miR-26a-5p group

was significantly reduced compared to in the GAS5 group
(P < 0.05; Fig. 5),
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Fig. 5 Apoptosis of SMMC-7721 cells in each group according to flow cytometry. (a) Flow cytometry was used to detect apoptosis in each group. (b)
Apoptosis rate in each group. * P < 0.05 compared with the NC group, # P < 0.05 compared with the GAS5 group

Fig. 6 Relationship between PTEN and miR-26a-5p. (a) Predicted binding site between miR-26a-5p and PTEN. (b) Binding was confirmed by a double
luciferase reporter assay. (c) Western blotting was used to detect the expression levels of PTEN in HCC and normal tissue. (d) The level of mir-26a-5p
was negatively correlated with the level of PTEN

Relationship between PTEN and miR-26a-5p
TargetScan analysis predicted that miR-26a-5p and
PTEN had binding sites (Fig. 6a). A dual luciferase reporter
assay showed that the luciferase activity of psiCHECKPTEN-wild was significantly reduced after transfection
with an miR-26a-5p mimic, while the luciferase activity of
psiCHECK-PTEN-mutant and no-plasmid did not change
significantly (P > 0.05; Fig. 6b). This suggests that miR26a-5p has a regulatory relationship with PTEN protein.

The expression of PTEN in HCC tissue was significantly
lower than that in the adjacent normal tissue (P > 0.05;
Fig. 6c). Interestingly, mir-26a-5p levels were negatively
correlated with PTEN levels (r = –0.915, P < 0.05; Fig. 6d).
Western blotting
Western blotting was used to quantify the expression
levels of PTEN, PI3K, p-Akt, P27, and cyclin D1 protein
in each group. The differences between groups were
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Fig. 7 Apoptosis and cyclin-related protein expression in transfected SMMC-7721 cells in each group according to western blot analysis. (a) Protein
bands were detected in each group, (b) Relative protein expression based on densitometry of (a). * P < 0.05 compared with the NC group, # P < 0.05
compared with the GAS5 group

statistically significant (all P < 0.05). The expression of
PTEN and P27 was significantly higher in the GAS5 and
anti-miR-26a-5p groups than in the NC group, while the
expression of PI3K, p-Akt, and cyclin D1 was significantly
lower (P < 0.05). The expression of PTEN and P27 was
significantly lower in the lncRNA GAS5 + miR-26a-5p
group than in the GAS5 group, while the expression of
PI3K, p-Akt, and cyclin D1 was higher (P < 0.05; Fig. 7).

Discussion
The role of lncRNA in cancer is expanding rapidly,
with increased research interest in recent years driving
important new discoveries. The lncRNA GAS5 can exert
pro-cancer or anti-cancer roles in different tumors. For
example, Liu et al [12] found that downregulation of GAS5
could inhibit the invasion and metastasis of gastric cancer
cells by altering the levels of serine-rich spermatogenesisrelated protein 2 (SPATS2). However, Song et al [13] found
that GAS5 was expressed at low levels in colorectal cancer
tissue and that overexpression of GAS5 could regulate
enhancer of zeste homolog 2 (EZH2) by promoting
and regulating enhancer of histone methyltransferase 2
(EHMT2). EZH2 inhibits the invasion and metastasis of
breast cancer. However, the role of GAS5 in HCC had not
yet been established. Therefore, in the present study, we
determined that GAS5 expression was decreased in HCC
tissue compared with in the surrounding paracancerous
tissue. GAS5 may, therefore, play a tumor suppressive role
in HCC. The occurrence of tumors is often accompanied
by changes in cell proliferation and growth patterns [14].
To verify the biological role of GAS5 in the development
of HCC, we overexpressed GAS5 in the HCC cell line
SMMC-7721 and found that overexpression of GAS5
reduced the proliferation of SMMC-7721 cells. Moreover,

the number of cells in the G0/G1 phase increased, and the
number of apoptotic cells increased. Overexpression of
GAS5 could therefore inhibit the proliferation of cancer
cells, block the cycle of cancer cells in the G0/G1 phase,
and promote the apoptosis of cancer cells.
Previous studies have shown that miRNA binds to
target genes through incomplete base complementarity,
thus affecting the apoptosis, migration, and metastasis
of tumor cells and triggering the necrosis and apoptosis
of the surrounding cells [15]. Due to this ability, miRNA
is also an important link in the role of lncRNA. In the
present study, we used cluster analysis and starBase to
predict that miR-26a-5p had binding sites with lncRNA
GAS5 and then confirmed that miR-26a-5p was highly
expressed in HCC tissue. Previous studies have shown
that high levels of miR-26a-5p can promote gastric cancer
and that the downregulation of miR-26a-5p plays an
important role in blocking the cell cycle in gastric cancer
and inducing apoptosis [16]. In the present study, inhibition
of miR-26a-5p reduced cell proliferation, arrested cells
in the G0/G1 phase, and promoted apoptosis in an HCC
cell line. When GAS5 is overexpressed, simultaneous
overexpression of miR-26a-5p can reverse the anti-cancer
effects of GAS5. These results suggest that GAS5 regulates
cell proliferation, cell cycle, and apoptosis by inhibiting
the expression of miR-26a-5p, thereby inhibiting the
progression of HCC.
A binding site for miR-26a-5p was predicted on
PTEN protein using the TargetScan database. Abnormal
expression of PTEN protein activates the PTEN/PI3K/Akt
signaling pathway, which is one of the most important
signal transduction pathways and can regulate the
occurrence and development of autoimmune diseases,
diabetes, and other diseases. PTEN is an important tumor
suppressor gene with abnormal expression in gastric
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cancer, colorectal cancer, and other cancers [17]. In normal
cells, PTEN and its downstream target PI3K maintain
the dynamic balance of PIP2 and PIP3 by regulating
their phosphorylation levels. When the expression of
PTEN is reduced or absent, the dephosphorylation of
PIP3 is limited, and it cannot be transformed into PIP2.
The accumulation of PIP3 stimulates the activation of
Akt, an important central link in the PTEN/PI3K/Akt
signaling pathway, thereby stimulating the expression
of downstream molecules [18]. Among these, P27 is a
negative regulator of the cell cycle, and cyclin D1 is a
key protein that regulates cell proliferation in the G1
phase. P27 binds to cyclin D1 and inhibits its activity,
thus preventing cell cycle progression from G1 to S
phase and thereby inhibiting cell proliferation [19]. Lv et
al [20] found that miR-26a-5p was overexpressed in liver
cancer, which caused a decrease in P27 expression and an
increase in cyclin Dl expression, thus promoting cell cycle
progression from the G1 to the S phase and promoting
the proliferation of liver cancer cells. The PTEN/PI3K/
Akt signaling pathway plays an important regulatory
role in tumor cell cycle progression and arrest. In the
present study, both the overexpression of GAS5 and the
inhibition of miR-26a-5p could promote the expression
of PTEN and thus reduce the levels of PI3K, p-Akt, and
cyclin D1 downstream, while the expression level of P27
was increased. The expression of PTEN in the lncRNA
GAS5 + miR-26a-5p group decreased, while the levels of
PI3K, p-Akt, and cyclin D1 increased compared to in the
GAS5 group, and the expression level of P27 decreased.
This suggests that overexpression of GAS5 could regulate
the expression of cyclin D1 and P27 by downregulating
the expression of miR-26a-5p, thus activating the PTEN/
PI3K/Akt signaling pathway, and arrest the cell cycle
of HCC cells, which would inhibit proliferation and
promote apoptosis.
In conclusion, GAS5 is expressed at low levels in
HCC tissue, which may inhibit the activation of the
PTEN/PI3K/Akt signaling pathway by upregulating
the expression of miR-26a-5p, thereby affecting the
expression of downstream cyclin D1 and regulating
cancer cell proliferation and apoptosis.
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Objective To investigate the prognostic value of serum carcinoembryonic antigen (CEA) and controlling
nutritional status (CONUT) score in patients with colorectal cancer.
Methods We retrospectively studied 261 patients with colorectal cancer in our hospital. The patients were
divided into two groups by CONUT = 3 and CEA = 5 ng/mL, and the effects of CONUT score and CEA level
on the prognosis and clinicopathological parameters were statistically analyzed.
Results (1) Different CONUT scores were significantly correlated with age, tumor diameter, differentiation
type, and T stage (P < 0.05). The older the patient was, the larger the tumor diameter, undifferentiated
tumor, and T stage were, the higher the CONUT score was. (2) Seventy-five patients died during the
follow-up period, and 45 patients died of progression or recurrence of colorectal cancer. The 5-year overall
survival (OS) rate of the low CONUT score group was significantly higher than that of the high CONUT
score group, and the 5-year OS rate of the low CEA group was significantly higher than that of the high
CEA group; the difference was statistically significant (P < 0.01). (3) According to the serum CEA level
and CONUT score, the 5-year survival rates of CEAlow/CONUTlow, CEAlow/CONUThigh, CEAhigh/CONUTlow,
and CEAhigh/CONUThigh were 84.7%, 69%, 55.3%, and 36.1% respectively, with statistical significance (P
<0.01). (4) The Cox multivariate analysis showed that age, CONUT score, CEA combined with CONUT
score, lymph node metastasis, and distant metastasis were independent risk factors for the prognosis of
colorectal cancer patients.
Conclusion: The combination of CEA detection and CONUT score can more accurately judge the prognosis
of colorectal cancer patients.
Key words: colorectal cancer; carcinoembryonic antigen; nutritional status control score

Cancer resection combined with regional lymph node
dissection is the main treatment for colorectal cancer, but
several patients relapse after complete tumor resection
(R0 resection) [1]. The latest progress in chemotherapy
has improved the prognosis of unresectable patients, and
early detection of recurrence can effectively improve
the survival rate of patients [2]. Serum tumor markers
(TMS) are easy to measure and have potential practical
value for diagnosis, predicting survival, and monitoring
postoperative recurrence [3]. Carcinoembryonic antigen
(CEA) and carbohydrate antigen (CA) 19-9 are the
most commonly used tumor markers for diagnosing,
monitoring, and predicting the prognosis of patients

with colorectal cancer [4]. Recent studies have shown that
the prognosis of various types of cancer is also affected
by the patient’s inflammatory state, immune function,
and nutrition, among which the correlation between
nutritional status and cancer prognosis is particularly
significant [5]. Controlling nutritional status (CONUT)
score, including serum albumin, total cholesterol, and
peripheral lymphocyte count, is considered a new tool
for assessing nutritional status [6]. The purpose of this
study was to explore whether the combined application
of TMS and CONUT score can more accurately reflect the
prognosis of patients with CRC.
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Materials and method
Research objective
This was a retrospective study, wherein a total of 261
patients with stage I-IV colorectal cancer who underwent
colorectal resection between January 2007 and December
2015 were selected as the research subjects. The inclusion
criteria were as follows: (1) This should be the first
diagnosis and surgical treatment. (2) All cases were
confirmed through surgery and pathology. (3) Clinical
and follow-up data were complete. Clinicopathological
results were evaluated according to the Japanese
classification criteria for colorectal cancer, 8th edition.
Patients were regularly examined for early recurrence
through diagnostic imaging, including chest radiography,
colonoscopy, ultrasound, and computed tomography.
The first hematological examination after admission was
taken as the baseline data, including serum albumin, total
cholesterol, and peripheral blood lymphocyte count in
the patient’s records.
CONUT score
The CONUT score was calculated according to the
patient’s serum albumin, total cholesterol, and peripheral
blood lymphocyte count. The specific criteria are
presented in Table 1. These factors were scored according
to the critical value, and the sum of these factors was
regarded as the CONUT score. According to the CONUT
score, the patients were divided into four groups: normal
(score 0–1), mild malnutrition (score 2–4), moderate
malnutrition (score 5–8), and severe malnutrition (score
9–12).
Statistical analysis
SPSS 20.0 and GraphPad Prism software (version 5.0)
were used for data processing. The counting data were
expressed as the number of cases, and the measurement
data were expressed as the mean ± standard deviation.
One-way ANOVA or chi-squared tests were used for
comparison between groups. Kaplan-Meier analysis was
used for survival evaluation, and the log-rank test was
used for inter-group comparisons. The receiver operating

Table 1 CONUT scoring criteria
Index

Normal
(0–1)

Albumin (g/dL) 3.5–4.5 (0)
Total cholesterol
> 180 (0)
(mg/dL)
Leukomonocyte
(/mL)

Nutritional status
Mild
Moderate
(2–4)
(5–8)

Severe
(9–12)

3.0–3.5 (2)

2.5–2.9 (4)

< 2.5 (6)

140–180 (1)

100–139 (2) < 100 (3)

> 1600 (0) 1200–1599 (1) 800–1199 (2) < 800 (3)

characteristic (ROC) curve was used to determine the
area under the curve (AUC) and the best cutoff value of
the CONUT score. The Cox proportional hazards model
was used to analyze prognostic factors that may affect
overall survival (OS).

Results
Relationship between CONUT score and
clinicopathological features of patients
There were 140 patients, 79 patients, 38 patients, and 4
patients with normal, mild, moderate, and severe CONUT
scores, respectively. According to the ROC analysis, the
best cutoff value for OS was 3 points (AUC = 0.627, P <
0.01). According to these results, the patients were divided
into two groups: high CONUT score group (CONUT score
≥ 3, n = 79) and low CONUT score group (CONUT score <
3, n = 182). The chi-squared test showed that the different
CONUT scores were significantly correlated with patient
age, tumor diameter, differentiation type, and T stage (P
< 0.05). The older the patient was, the larger the tumor
diameter, undifferentiated tumor, and T stage were, the
higher the CONUT score was (Table 2).

Table 2 Relationship between CONUT scores and clinicopathological
features
Index
Age (years)
< 70
≥ 70
Gender
Male
Female
Tumor diameter (cm)
<4
≥4
Tumor location
Colon
Rectum
Differentiation type
Differentiated
Undifferentiated
T stage
T1/2
T3/4
Lymphatic metastasis
No
Yes
Vascular metastasis
No
Yes

Low CONUT
High CONUT
score (n = 79) score (n = 182)
38
41

60
122

48
31

106
76

53
26

120
62

50
29

135
47

64
15

172
10

16
63

72
110

51
28

110
72

58
21

122
60

χ2

P

5.381

0.020

0.144

0.704

0.033

0.856

3.162

0.075

11.580 0.001

9.189

0.002

0.395

0.530

1.049

0.306
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Comparison of survival rates of patients in
different CONUT score groups
Seventy-five patients died during the follow-up period,
45 died of colorectal cancer progression or recurrence, and
30 died of other causes, including other cancers (n = 12),
pneumonia (n = 6), stroke (n = 5), myocardial infarction
(n = 4), and other unknown causes (n = 3). There were
no surgery-related deaths. The 5-year OS rate (75.8%,
138/182) in the low CONUT score group was significantly
higher than that in the high CONUT score group (54.4%,
43/79) (P < 0.01; Fig. 1).
Comparison of survival rate of patients with
different serum CEA levels
Serum CEA levels ranged from 0.1 to 1166 ng/mL,
with an average of 16.2 ng/ml. According to the serum
CEA concentration, the patients were divided into high
CEA (≥ 5 ng/mL, n = 89) and low CEA groups (< 5 ng/mL,
n = 172). The 5-year OS rate of patients with low CEA
levels (82.6%, 142/172) was significantly higher than that
of patients with high CEA levels (43.8%, 39/89) (P < 0.01;
Fig. 2).
Serum CEA combined with CONUT score to
evaluate the prognosis of patients
Based on the serum CEA level and the CONUT score,
the patients were divided into four groups: CEAlow/
con utlow (n = 128), CEAlow/CONUThigh (n = 44), CEAhigh/
CONUTlow (n = 53), and CEAhigh/CONUThigh (n = 36).
According to the ROC curve, the AUC values of CEA level,
CONUT score, and combined detection in predicting the

Fig. 1 Comparison of survival of patients in different CONUT scoring
groups

Fig. 2 Comparison of survival of patients with different serum CEA levels

prognosis of patients with colorectal cancer were 0.66 (P <
0.01), 0.627 (P < 0.01) and 0.71 (P < 0.0001), respectively,
suggesting that combined detection is more valuable in
predicting OS in patients with colorectal cancer, as shown
in Table 3. The 5-year OS rates of the cealow/contlow,
cealow/conthigh, ceahigh/contlow, and ceahigh/thigh
were 84.7%, 69%, 55.3%, and 36.1%, respectively. The
difference was statistically significant (P < 0.01), as shown
in Fig. 3.
Multivariate analysis of patients’ survival rate
The Cox multivariate analysis showed that age,
CONUT score, t-CONUT score, lymph node metastasis,
and distant metastasis were independent risk factors
affecting the prognosis of patients with colorectal cancer.
Data was shown in Table 4.

Fig. 3 Comparison of survival of patients with different serum CEA and
CONUT scores

Table 3 Patient outcomes judged by three methods
Index
CEA
CONUT
Joint detection

Sensitivity (%)
86.33
92.00
97.50

Specificity (%)
62.60
76.00
63.50

False positive (%)
38.50
26.00
38.50

False negative (%)
14.67
8.00
2.50

Positive predictive (%) Negative predictive (%)
97.00
15.50
98.50
33.33
97.88
42.64
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Table 4 Multivariate analysis affecting patient survival
Index
Age
Gender
CEA
CONUT
T-Conut
lymphatic metastasis
Transfer far away
Degrees of differentiation
Tumor diameter

β
0.363
0.287
0.869
0.678
0.189
0.523
0.452
0.240
0.359

SE
0.541
0.369
0.326
0.335
0.268
0.296
0.166
0.263
0.523

Discussion
The results of this study show that the CONUT score
has a certain reference value in predicting the prognosis of
patients with colorectal cancer, which is similar to that of
previous reports, and proves the significance of CONUT
score in postoperative patients with several cancers
[7]
. Previous studies have also shown that the CONUT
score is an effective prognostic indicator for patients
with metastatic colorectal cancer receiving first-line
chemotherapy [8]. Conut scores included serum albumin,
total cholesterol, and peripheral blood lymphocytes.
Albumin, the most abundant plasma protein, is produced
in the liver and accounts for a large proportion of all
plasma proteins. It is a standard factor for evaluating the
nutritional status of patients. It has been reported that
[9]
serum albumin is closely related to the prognosis of
various cancers, including colon cancer. Peripheral blood
lymphocytes are also considered to reflect the nutritional
status and immune function of patients [10]. Lymphocytes
include CD4 + and CD8 + T cells, natural killer cells, γ-δ
T cells, and B cells, whose functions are closely related to
tumor immunity. Therefore, the decrease in the number
of these cells may be related to the impairment of tumor
immune function, resulting in tumor progression. Some
studies have shown that the number of tumor-infiltrating
lymphocytes is related to the prognosis of cancer [11]. In
addition, the decrease in the number of immune cells in
the peripheral blood and cancer tissues is related to the
poor prognosis of various cancers. Therefore, peripheral
blood lymphocytes may be a good index to reflect the
state of cellular immunity, including acquired immunity
and humoral immunity.
The prognostic nutritional index (PNI), which includes
serum albumin level and peripheral blood lymphocytes,
is one of the most commonly used indicators to evaluate
nutritional status [12]. Recently, PNI was found to be
closely related to the prognosis of various types of cancer,
indicating that nutritional status and immune status
are prognostic indicators of cancer patients. In addition

Wald
0.985
0.254
7.133
4.078
8.464
2.181
2.632
0.830
0.512

df
1
1
1
1
1
1
1
1
1

P
0.341
0.896
0.059
0.041
0.009
0.038
0.030
0.369
0.636

95%CI
0.652–2.632
0.142–1.874
1.261–4.502
1.021–3.980
0.495–1.398
0.951–2.993
0.864–3.336
0.472–1.318
0.538–3.815

to serum albumin and peripheral blood lymphocytes,
the OUT score also includes the measurement of serum
cholesterol. It has been reported that [13] serum cholesterol
is related to tumor progression and patient survival in
various cancers, including colorectal cancer. This study
also proved that serum CEA levels are closely related to
the prognosis of patients with colorectal cancer. However,
it should be noted that the CONUT score is effective
in predicting the prognosis of patients with colorectal
cancer, regardless of the serum CEA level. Serum CEA
mainly reflects the tumor status, while the CONUT score
primarily reflects the overall status of patients, including
their nutritional status and immune status. According to
the ROC analysis of this study, the combination of these
two factors (t-cont) may provide more accurate prognostic
information for patients with colorectal cancer than any
factor alone. Considering the indications for adjuvant
chemotherapy, the combined detection of the two may
be helpful in clinical practice.
Migita et al. [14] used PNI to assess the preoperative
immunonutritional status of patients and found that a
low PNI score was associated with a higher risk of noncancer death. A similar study showed that [15], compared
with patients with high PNI scores, elderly patients with
gastric cancer with a low PNI score had an increased risk
of respiratory failure due to pneumonia. Overall, these
findings suggest that poor nutritional status increases
the risk of dying from non-cancer-related diseases after
surgery. This suggests that it is beneficial to use patientrelated factors to predict the prognosis of cancer patients.
In conclusion, this study found that t-CONUT is an
effective index for evaluating the prognosis of patients
with colorectal cancer. In view of the rapid, simple, and
noninvasive determination of serum markers, t-CONUT
may be a useful biomarker in a routine clinical setting.
However, this study also has some limitations: (1) This
study is a retrospective study; therefore, it is easy to
produce a certain offset. (2) In this study, patients were
divided into high and low groups with a cutoff value
of 3. However, the cutoff values reported in different
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reports are different, and the best cutoff value has not
been recognized. (3) This was a single-center study. The
number of patients included in the study was effective.
A larger-scale, prospective, randomized, and controlled
trial is needed to confirm this result.
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Objective Short-chain fatty acids (SCFAs) produced by intestinal microbiota influence the pathogenesis
and development of several intestinal diseases. OR51E2 is a newly discovered SCFA receptor. At present,
research on the link between OR51E2 and intestinal cancer is limited. This study aimed to analyze the
relationship between OR51E2 and colorectal cancer.
Methods Bioinformatic analysis revealed the OR51E2 protein expression pattern in different parts of the
intestine, regulation of related proteins, and immune cell infiltration. The expression pattern and prognostic
value of OR51E2 in colon and rectal cancer was determined, and the miRNAs targeting OR51E2 were
predicted.
Results The expression level of OR51E2 was relatively high in the colon, small intestine, and duodenum.
In addition, OR51E2 expression level was significantly reduced in colon and rectal cancer. A positive
correlation between OR51E2 and immune cells was observed, which was associated with the survival
of patients with colon and rectal cancer (hazard ratio: 1.5). Further, miR-96-5p and miR-1271-5-p were
predicted to target OR51E2.
Conclusion OR51E2 plays an important positive role in the survival of patients with colon cancer and
rectal adenocarcinoma.
Key words: OR51E2; colon cancer; rectal cancer; targeted microRNA; protein-protein interaction

Short-chain fatty acids (SCFAs) are the main
metabolites produced by specific colonic anaerobic
bacteria after fermenting dietary fiber. They mainly
include acetic, propionic, butyric, valeric, and caproic
acid [1]. SCFAs diffuse through or are actively absorbed
by colonic epithelial cells and then enter the blood
circulation. On the one hand, most SCFAs can be
metabolized to produce energy. On the other hand, they
can be used to epigenetically regulate HDACi genes [2].
SCFAs regulate peripheral immunity and the immune
response in the central nervous system (CNS). Decreased
dietary fiber intake or restriction of the intestinal
microbiota is related to the development of inflammatory
bowel disease [3–6], emphasizing that SCFAs are important
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immunomodulatory metabolites. SCFAs function by
binding to SCFA receptors. Most of the SCFA receptors
discovered to date are G protein-coupled receptors
(GPRs), including GPR41, GPR43, and GPR109. GPR41
and GPR43, which are also known as free fatty acid
receptors 3 (FFAR3) and 2 (FFAR2), are widely present
in various cell types, such as immune and intestinal
epithelial endocrine cells. For example, GPR43 can be
expressed in large amounts in enteroendocrine cells,
immune cells, and adipocytes, while GPR41 is widely
expressed in smooth muscle, enteroendocrine, and nerve
cells, among others. GPR109A can be expressed in large
intestinal epithelial cells, colon cells, and hepatocytes
and is abundantly expressed in fat and immune cells.
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GPR43 and GPR41 is activated by acetic, propionic,
and butyric acid, and GPR109A is activated by butyric
acid. By activating GPRs, SCFAs can activate the signal
transduction pathway of the immune response and exert
anti-inflammatory effects on the intestinal mucosa.
Olfactory receptor 78 (Olfr78), also known as OR51E2,
is a newly discovered SCFA receptor that is expressed in
a variety of tissues [7]. The OR51E2 gene is upregulated
in prostate cancer [8]. Ligand-induced activation of
OR51E2 also affects the proliferation, differentiation,
and melanogenesis of melanocytes [9]. OR51E2 plays a
pathophysiological role in blood pressure regulation, as
well as in the development of melanoma and prostate
tumors. As an SCFA receptor, OR51E2 may help maintain
the physiological function of the intestine in intestinal
cancer; however, current research on the role of OR51E2
in intestinal cancer remains limited. Therefore, an indepth analysis of its practical significance in the intestine
is needed.
Recent studies have shown the relationship between
OR51E2 and immune and blood pressure regulation [9–10],
but there is little data on differential OR51E2 expression
and and its role in the physiology and pathology of
intestinal cancer. This study aimed to analyze the
pathological and clinical features of the SCFA receptor
OR51E2 in colon and rectal adenocarcinoma. It also
aimed to predict OR51E2-targeting miRNAs using
bioinformatics analysis and provide a scientific basis for
the treatment and prevention of colon cancer.

Materials and methods
Differential OR51E2 expression in tissues
The expression levels of the SCFA receptors FFAR2,
FFAR3, and OR51E2 in the mouse intestine (large
intestine, small intestine, colon, and duodenum) and
heart tissue were obtained from the National Center for
Biotechnology Information (NCBI) database (https://
pubmed.ncbi.nlm.nih.gov/). The results are presented as
heatmaps.
GO functional enrichment and network
interaction analysis of OR51E2
UniProt database (https://www.uniprot.org/) was used
to functionally reannotate OR51E2, and Gene MANIA
software was used to analyze the protein–protein
interactions involving OR51E2, coexpression, and the
signaling pathway of related proteins.
OR51E2 and its correlation with immune cell
infiltration in colon and rectal cancer
The Gene Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia.cancer-pku.cn/) was
used to analyze OR51E2 gene expression and normal
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tissues in colon cancer and rectal adenocarcinoma, with
statistical significance set at P ≤ 0.05. The Tumor IMmune
Estimation Resource (TIMER) database (http://cistrome.
dfci.harvard.edu/TIMER/) was used to explore the
correlation between OR51E2 and different immune cells,
namely B cells, CD4-T cells, CD8-T cells, neutrophils,
macrophages, and dendritic cells. Pearson’s correlation
coefficient was used to express the correlation between
OR51E2 and immune cells.
Prognostic analyses of OR51E2 in colon cancer
and rectal cancer
The online database Kaplan-Meier Plotter (http://
www.kmplot.com/) was used to analyze the prognosis
of breast cancer patients through receiver operating
characteristic curves (ROC) for hub genes. The follow-up
period was six months.
OR51E2 targeted by miRNAs and predicted
regulatory mechanism
TargetScan 7.2 (http://www.targetscan.org/) software
was used to predict the miRNAs targeting OR51E2
strongly and conservatively in vertebrates (human,
rat, mouse, rabbit, and chicken). Using the Kyoto
Encyclopedia of Genes and Genomes database (https://
www.kegg.jp/), miRNAs were predicted that could target
OR51E2 to regulate intestinal and intestine-related acute
or chronic diseases.

Results
Differential expression in tissues
Proteins can perform specific biological functions
only when they are expressed in tissues. To show that
OR51E2 plays an important role in the intestine and
heart, we screened the expression level data of the large
and small intestine, colon, duodenum, and heart using
tissue-specific gene expression data obtained from the
NCBI database, in which tissue samples were taken from
adult mice. The results are shown in Fig. 1. OR51E2 was
expressed at relatively high levels in the heart and colon
and at low levels in the large intestine, small intestine, and
duodenum. This suggests that OR51E2 plays an important
role in the function and stabilization of the gut-mandrel.
GO functional enrichment and protein
interaction network analysis of OR51E2
Interactions of two or more proteins can achieve
certain biological functions. We used STRING (https://
www.string-db.org/)
to
analyze
protein–protein
interactions of OR51E2, and the results (Fig. 2a) showed
that OR51E2 interacted with RTP4, CNG1, REEP5,
GNB1, RTP3, GNAL, REEP3, RTP2, REEP1, and RTP1.
Using Gene MANIA to analyze the relationship between
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Fig. 1 Expression levels of SCFA receptors in the intestine and heart.
Red and blue color scale indicates high and low expression levels,
respectively

OR51E2 and related proteins (Fig. 2b) and Homo sapiens
as the data source, the coexpressed proteins were SEMG2,
OR51E2, OR51E1, GNGT1, NRL, AKT3, KLK4, NKX31, KLK3, TGM4, SLC45A3, KLK2, NPY, PRAC1, ANO7,
FAM159A, CPNE4, PAEP. Pathway: OR51E2, OR51E1,
ARRB2, GNAL, GNB1, and GNGT1. By analyzing the
relationship between OR51E2 and other proteins, it can
provide an analytical basis for exploring the pathological
mechanism of OR51E2 in regulating intestinal cells.
Analysis of gene expression and immune cell
infiltration in intestinal cancer
To understand whether OR51E2 plays an important
function in intestinal diseases, we analyzed the
expression level of OR51E2 in patients with colon or
rectal cancer, including 275 patients with colon cancer
with 349 corresponding controls and 318 patients with
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Fig. 3 OR51E2 expression level in intestinal cancer. Panel a shows
OR51E2 expression in 349 healthy people and 275 colon cancer patients.
Panel b shows OR51E2 expression in 318 rectal cancer patients 92
healthy people. The red boxes represent cancer patients, and the gray
boxes represent normal healthy people

rectal cancer with 92 corresponding controls. OR51E2
expression level was significantly decreased in colon and
rectal cancer (P < 0.05). In addition, stromal cell score and
immune cell infiltration results can be used to study the
immune infiltration between different samples. Through
the differential expression of marker genes in different
immune cells, the types and distribution of various
immune cells in the sample can be analyzed, which can
be used to study the differences in immune cell types
in different cancers. Using the TIMER database, we
analyzed the correlation between OR51E2 and different
immune cells (B cells, CD4-T cells, CD8-T cells, dendritic
cells, neutrophils, and macrophages). Pearson correlation
coefficient was used to calculate the correlation between
OR51E2 and different immune cells. Only four types

Fig. 2 Interactions between OR51E2-related proteins. Panel a shows the proteins interacting with OR51E2. Panel b shows the network diagram of
OR51E2-related proteins mainly involving physical correlation, coexpression, prediction, colocalization, and signaling pathways
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Fig. 4 Analysis of the survival status of OR51E2 in intestinal cancer. Panel A shows the correlation of OR51E2 with immune cells of colon cancer.
Panel B shows the correlation of OR51E2 with immune cells of rectal cancer. The R-value indicates the correlation, and statistical significance was set
at P < 0.05

Fig. 5 Correlation between OR51E2 and related immune cells in intestinal cancer. Panel a shows the survival analysis of OR51E2 in colon cancer
patients, of which 135 had high expression, and 131 had low expression. Panel b shows the survival analysis of OR51E2 in rectal cancer patients,
of which 45 had high expression levels and 45 had low expression levels. Blue represents the low expression group, and red represents the high
expression group

of cells were found to be meaningful in colon cancer,
namely CD4+ T cells (P = 2.07e-13), neutrophils (P =
4.22e-05), macrophages (P = 2.31e-23), and dendritic cells
(P = 2.31e-07). Meanwhile, OR51E2 gene expression level
in rectal cancer was positively correlated with B cells (P

= 0.0108), CD4+ T cells (P = 0.00168), macrophages (P =
2.49e-05), and dendritic cells (P = 0.000943).
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Fig. 6 Prediction of miRNAs targeting OR51E2

Survival curve analysis
Prognostic analysis showed that the OR51E2 gene
expression level was related to the survival duration
of colon and rectal cancer patients. In Fig. 5a, 266
experimental patients were included, and the hazard
ratio (HR) of colon cancer patients was 1.5 (log-rank P =
0.12, P [HR] = 0.13). In Fig. 5b, 90 experimental patients
were included, and the HR of rectal cancer patients was
1.5 (log-rank P = 0.38, P [HR] = 0.38).
miRNA prediction
TargetScan 7.2 was used to predict the biological targets
of miRNAs by searching for conserved 8mer, 7mer, and
6mer sites matching the seed region of each miRNA,
and the reliability of the prediction results had high
practicality [11]. TargetScan 7.2 predicted two miRNAs
that were conserved in vertebrates, namely miR-96-5P
and miR-1271-5-p (Fig. 6).

Discussion
The expression level of OR51E2 is related to the
regulation of colitis and related cancer genes [12]; however,
the pathological characteristics and role of OR51E2
in colon and rectal cancer remain unclear. This study
confirmed that OR51E2 was highly expressed in colon
and rectal cancer and was related to the survival time
of clinical intestinal cancer patients. Using biological
screening methods, we found that miR-96-5p and
miR-1271-5-p are key players in the regulation of the
pathological processes of the body via the signaling
pathway that affects OR51E2.
GO functional enrichment analysis showed that
OR51E2 mainly played molecular biological functions
in the sense of smell, GPRs, steroid hormone receptors,
and signal receptors. Activation of OR51E2 triggers the
Ca2+ retinal pigment epithelial cell-dependent signaling
pathway. The downstream signaling pathway of OR51E2
involves the activation of adenylate cyclase, ERK1/2, and
AKT, and it regulates the migration and proliferation
of retinal pigment epithelial cells [13]. In addition,
OR51E2 is significantly upregulated in prostate cancer,

and coexpression with TMPRSS2 leads to the loss of
smell in coronary pneumonia [14]. However, studies on
protein-interacting molecules related to OR51E2 are
lacking. Multiple protein-phase interaction molecules
with OR51E2 screened in this study provide a better
understanding of the physiological and pathological
mechanisms involved in OR51E2.
As a unique source of various immunoglobulins, B cells
are an indispensable part of humoral immunity [15]. The
dysregulation of B cells led to changes in space, phenotype,
and function, including autoimmune diseases, infections,
and cancers [16]. The CD4/CD8 ratio at the tumor-host
interface was significantly related to recurrence-free
and overall survival and had important implications for
clinical prognosis [17]. Neutrophils, macrophages, and
dendritic cells played a role in increasing the production
and elimination of cytokines and immune cells, and
therefore had a profound impact on the morbidity and
mortality of cancer patients [18]. Liu et al. determined
that macrophage migration inhibitor (MIF) promotes
the proliferation and invasion of colon cancer cells by
promoting the combination of CD74 and STAT1 [19].
Changes in the numbers of immune cells reflect immune
disorder. When immune function was inhibited, CD8+
increased while CD4+, the CD4+/CD8+ ratio, and the
number of immune cells decreased. The results of this
study showed that OR51E2 protein levels were low in
patients with colon and rectal cancer, while B cells, CD4+
T cells, macrophages, and dendritic cells were positively
correlated with OR51E2 in colon and rectal cancer. This
indicates that the expression of OR51E2 in intestinal
cancer led to the decline of the body’s immune level,
which was consistent with our immunoassay results.
SCFA receptor proteins may play important roles
not only in the passage of olfactory signals, but also in
diseases, such as enteritis [20], prostate cancer [21], and
hypertension [22]. Dietary fiber helps maintain the
intestinal microbial ecology, host physiology, and health
[23]
. The SCFAs produced by the intake of dietary fiber
are essential for regulating the host’s intestinal immune
response, which is necessary for the survival of intestinal
microbes and metabolites [24]. These findings indicate

Oncol Transl Med, June 2022, Vol. 8, No. 3

that OR51E2 expression is essential for the stability of
the intestinal immune system. However, whether this
differential expression influences intestinal cancer was
unclear. Our study confirmed that OR51E2 expression
level was significantly reduced in colon and rectal cancer
and this reduced level is a mortality risk factor in patients
with colon and rectal cancer.
In summary, after analyzing clinical data, we
determined that OR51E2 may be an effective biomarker
for the detection of colon and rectal cancer. OR51E2
protein expression in cancer patients also led to the
reduced immune levels, which predicted that OR51E2
targets and regulates miRNAs. The findings present
a target for regulating intestinal cancer, providing a
scientific basis for effective detection and treatment
of colon and rectal cancer. Despite these findings, our
research has some limitations. The role of OR51E2 was
analyzed using bioinformatic tools, but these results
should be validated in vitro and in clinical samples.
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Objective The aim of this study was to summarize and analyze the ultrasonographic and clinicopathologic
features of benign brenner tumors of the ovary.
Methods Forty-six patients with brenner tumors of the ovary were included, and the imaging and
pathologic features of the tumors were analyzed.
Results Thirty-eight cases were unilateral, while eight cases were bilateral. The tumors were located
only in the left ovary in 32 patients and in the right ovary in six patients. The median diameter of the tumors
was 62 mm, and the diameter ranged from 15 to 270 mm. Vascular tumors were not observed. Most of
the tumors (22/46) showed micro-perfusion, while 16 tumors showed no blood flow signal. Acoustic signal
shadows after the cysts were observed in 26 tumors, accounting for 57% of all brenner tumors. Fourteen
patients showed unilocular or multilocular tumors with no distinct characteristics on ultrasonography. Sixteen
masses showed a multilocular solid structure, accompanied by calcification and a post-mass shadow; the
solid structure showed mild-to-moderate vascularization on Doppler examination. Sixteen masses showed
a pure solid structure, accompanied by calcification, resulting in an acoustic shadow behind the tumor; the
solid structure showed mild-to-moderate vascularization on Doppler examination.
Conclusion Some ultrasonographic features, including calcification with shadow, poor blood circulation of
solid components, and mass localization, are helpful in the diagnosis of benign brenner tumors.
Key words: brenner tumor; ovary; clinicopathologic features

Brenner tumors are a type of ovarian epithelial tumor
first reported by Fritz et al. in 1907. They often occur
in women aged 50–70 years [1]. Brenner tumors are
benign transitional cell tumors of the ovary but have the
potential for malignancy. They account for approximately
3% of all ovarian epithelial tumors [2]. Careful histologic
examination should be performed in clinics to exclude
small malignant tumors that may involve brenner tumors
[3]
. Benign brenner tumors lack specific clinical symptoms
and are mostly detected incidentally during routine
physical examination or ultrasonography. Borderline and
malignant brenner tumors can manifest as abdominal pain,
vaginal bleeding, urinary retention, and ascites [4] owing
maladjustment of estrogen levels. Complete preoperative
ultrasonography is important for differentiating between
benign and malignant adnexal tumors and formulating
further treatment plans. However, although the
International Organization for Ovarian Tumor Analysis

has formulated imaging standards for detecting ovarian
cancer, the ultrasonographic features of brenner tumors
overlap with those of typical ovarian cancer, causing
serious difficulties in image interpretation [5]. Therefore,
this study retrospectively analyzed and summarized
the ultrasonographic and clinicopathologic features
of histologically confirmed benign brenner tumors in
our hospital to provide a basis for the ultrasonographic
diagnosis of affected patients.

Materials and methods
Study subjects
Forty-six patients with brenner tumors of the ovary
treated in our hospital between January 2002 and January
2021 were included in the study. The inclusion criteria
were as follows: (1) abnormal ovarian ultrasonographic
findings with or without elevated CA125 levels
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and nonspecific abdominal symptoms; (2) ovarian
abnormalities detected for the first time; (3) history
of surgical treatment; and (4) benign brenner tumor
diagnosed on postoperative histopathology. Baseline
data, such as age at diagnosis, menopause, serum CA125
level, risk of malignancy index, clinical symptoms, and
histologic findings, were collected from the electronic
medical record system of our hospital. The average age
of the 39 patients was 43.6±7.8 years, including 5 patients
with lateral ovarian mucinous cystadenoma, four with
hysteromyoma, four with ovarian serous cystadenoma,
two with adenomyosis, and one with endometrial polyp.
Only seven patients had elevated serum CA125 levels,
and the median CA125 level was 19 IU/L.
Instruments and methods
Prior to the examination, the patients were asked to
empty their bladder and take the lithotomy position.
The Mairui DC_ Type 8 color Doppler ultrasound
diagnostic instrument and transvaginal (5–8 MHz) and
transabdominal probes (3.5–5 MHz) were used. The
uterus, pelvic cavity, and bilateral attachments of the
patients were carefully scanned through the vagina, and
patients with large tumors were scanned repeatedly using
a transabdominal probe. The scanning focused on the
size, boundary, envelope, relationship with surrounding
tissues, internal echo, and blood flow of the masses.
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2d).
Difference between the ultrasonographic
and clinical diagnoses
The tumors in 14 patients were unilocular or
multilocular without distinct characteristics on
ultrasonography and were correctly diagnosed as benign
masses. Sixteen masses showed a multilocular solid
structure, accompanied by calcification and a post-mass
shadow; the solid structure showed mild-to-moderate
vascularization on Doppler examination. Sixteen
masses showed a pure solid structure, accompanied by
calcification resulting in an acoustic shadow behind the
tumor; the solid structure showed mild-to-moderate
vascularization on Doppler examination. At the first
diagnosis, the doctors performing the ultrasonography
misdiagnosed four cases of benign brenner tumors as
malignant. The median diameter of the four brenner
tumors was 96 mm, and the maximum diameter was
270 mm, which was generally greater than the median

Results
Histologic examination
Microscopically, the tumors were composed of welldefined and uniform epithelial islands located in dense
fibrous stroma. The epithelial cells had characteristic
coffee bean-like nuclei with longitudinal grooves and a
pale cytoplasm (Fig. 1).
Ultrasonographic examination
Thirty-eight (82.7%) tumors occurred in the unilateral
ovary and eight in the bilateral ovaries. Brenner tumors
were diagnosed simultaneously. Two patients had ascites;
their serum CA125 level increased, and no pleural
effusion was found. The tumors were located only in
the left ovary in 32 patients and in the right ovary in six
patients. The median diameter of the tumors was 62 mm,
with the diameter ranging from 15 to 270 mm, and the
diameter of the largest solid structure was 40 mm (range:
0–85 mm). Thirty-six tumors contained solid components
(Fig. 2a and 2b), and only 14 (30%) tumors contained
pure cystic components. The cystic fluid was anechoic
in 28 patients (Fig. 2c) and hypoechoic in two patients.
The Doppler color signal was between NO and moderate,
and no rich vascular tumors were found. Acoustic signal
shadows after the cysts were observed in 26 tumors (Fig.

Fig. 1 Microscopic view of a benign Brenner tumor. (a) Large nuclei
(HE staining × 200); (b) Interstitial fibrous hyperplasia of the tumor (HE
staining × 400)

Fig. 2 Ultrasonographic features of a brenner tumor. (a, b) The tumor
body contains solid components; (c) There is no echo in the cystic fluid of
the tumor; (d) Post-cyst signal shadow

148

Fig. 3 Ultrasonographic image of a brenner tumor misdiagnosed as a
malignant tumor

diameter of all tumors. Further, all four brenner tumors
contained anechoic cystic components (Fig. 3).

Discussion
Brenner tumors usually occur in postmenopausal
women, and most patients have no symptoms. Although
the imbalance of estrogen activity can manifest as vaginal
bleeding, only five patients in this study had abdominal
pain or ascites, and the proportion of symptomatic
patients was very low. Ovarian masses and elevated
serum CA125 levels usually suggest malignant processes
in postmenopausal women [6]. Studies have evaluated the
correlation between the CA125 level and malignancy of
ovarian tumors and found that the detection of tumor
marker CA125 alone is not suitable for distinguishing
between benign and malignant adnexal masses [7]. In this
study, only two patients had elevated serum CA125 levels.
Dierickx et al. reported that experienced
ultrasonography doctors failed to describe the unique
ultrasonographic features of brenner tumors, and no other
studies found unique images of brenner tumors [8]. Many
benign brenner tumors show a complete solid structure
on ultrasonography, while some may show cystic
components, with or without a solid structure. In our
study, color Doppler imaging showed poor vascularization
of the solid components. In the literature, the calcification
rate of brenner tumors based on ultrasonographic
findings is approximately 50%. Researchers have found
calcification in 15 patients with benign brenner tumors
and 13 other patients on ultrasonography [9]. In this study,
32 brenner tumors containing solid components showed
a sound shadow caused by calcification. Therefore, we
conclude that the multiple calcifications observed on
ultrasonography may be a key feature in the diagnosis of
brenner tumors.
The laterality of brenner tumors varies greatly in
different studies [10]. In this study, 82% of the brenner
tumors occurred on the left side of the ovary. This is
consistent with the findings reported by Dierickx et al.,
indicating that brenner tumors are more common in
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the left ovary than in the right ovary. Only 18% of the
brenner tumors in this study were bilateral; this rate is
slightly higher than the range reported in the literature
(5–14%) [11]. Brenner tumors are often associated with
the risk of a second ovarian tumor. It has been reported
that 30% of brenner tumors can be accompanied by other
ovarian tumors. In this study, there were 13 patients
with benign tumors, 5 patients with lateral ovarian
mucinous cystadenoma, 4 patients with hysteromyoma,
and 4 patients with ovarian serous cystadenoma. The
sonogram of a brenner tumor can show a cystic, cystic
solid, or solid mass. The cystic part can be separated, and
blood flow signals can be detected during separation.
The solid part is mostly hypoechoic, and the hypoechoic
part is mostly accompanied by a strong echo formed by
uncertain calcification, followed by attenuation. Brenner
tumors have a certain misdiagnosis rate in most literature
reports, which shows that it is difficult to distinguish
between benign and malignant simple ovarian tumors on
ultrasonography [12].
The varying ultrasonographic features and low
incidence of brenner tumors of the ovary make
ultrasonographic diagnosis more difficult. There are no
special ultrasonographic features that can characterize
benign brenner tumors. However, it is worth noting that
some ultrasonographic features, including calcification
with shadow, poor blood circulation of solid components,
and tumor location, may be signs of benign brenner
tumors and even help experienced ultrasonography
doctors to preliminarily determine the benign and
malignant nature of lesions. However, this study was
a single-center study with a small sample size. In the
future, a multi-center study with a larger sample size may
draw a more convincing conclusion.
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Spindle epithelial tumor with thymus-like differentiation (SETTLE) is a rare, low-grade malignant neoplasm
that mainly occurs in the thyroid gland or its perimeter. Fewer than 10 cases of SETTLE have been reported
in the Chinese literature, whereas approximately 50 cases have been reported in the international literature.
We report a rare case of SETTLE that occurred in the soft tissues of the neck around the thyroid gland in a
41-year-old man. The neoplastic tissue, which mainly consisted of spindle epithelial components, included
sporadically visible thymus-like structures. Immunohistochemistry demonstrated CK and CK19 positivity
in the thymic epithelial components and CK, vimentin, and Bcl-2 positivity in the spindle cells. Surgical
resection is the main treatment option for SETTLE. This patient underwent mass resection of the neck, and
no recurrence or metastasis was observed even at 8 months postoperatively.
Key words: spindle epithelial tumor; thymus-like differentiation; immunohistochemistry

Spindle epithelial tumor with thymus-like differentiation (SETTLE) is a rare, low-grade thymic malignancy.
Histologically, SETTLE presents with a lobulate structure
and a biphasic cellular association characterized by spindle
epithelial cells mixed with thymic structures. It primarily
occurs in or around the thyroid gland. In this paper, we
report a case of SETTLE, which developed in the soft
tissues of the neck around the thyroid gland and discuss
its clinicopathological features and differential diagnoses to
improve the understanding of this tumor.

Materials and methods

showed a deep-seated subcutaneous hypo echoic nodule
in the neck, not occupying the thyroid gland. Results
of serology tests showed that levels of thyroglobulin,
thyroglobulin antibodies, thyroxine, and other thyroid
function parameters were within the reference range.
The right cervical mass was resected clinically.
The surgical specimen was fixed with 10% neutralbuffered
formalin
solution,
paraffin-embedded,
and routinely sectioned for histological analysis.
Immunohistochemical analysis was performed using
a Roche automatic immunohistochemistry staining
machine. CK, EMA, CK19, vimentin, SMA, desmin,
STAT-6, Bcl-2, S-100, TTF-1, TG, calcitonin, Syn, CD5,
TdT, HMB45, and Ki-67 antibodies were commercially
obtained from Fuzhou Maxim Biotechnology Co., Ltd.
Each antibody was validated with positive and negative
controls.

A 41-year-old man presented with an incidentally
discovered mass on the right side of the neck one week ago.
He did not experience any obvious discomfort. Physical
examination revealed that the mass, located on the right
anterior side of the neck above the clavicle, was palpable
and measured approximately 4.0 cm in diameter. No Results
tenderness or restriction of neck movement was evident.
Computed tomography revealed a soft tissue shadow
Macroscopic examination revealed a piece of gray–red
in the right parathyroid gland. An ultrasound B-scan irregular tissue that was 6.0 cm × 3.0 cm × 1.5 cm in size
 Correspondence to: Min Zhao. Email: zhao.min.hi@163.com
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and characterized by a gray–white cut surface, tough
texture, and intact envelope.
The neoplastic tissue was mainly composed of spindleshaped cells (Fig. 1). The spindle-shaped cells were
arranged in bundles and weaves with short spindleshaped nuclei and fine chromatin. Nucleoli could not
be discerned easily. Few nuclear fission images were
evident. Scattered thymus-like structures, arranged in a
cystic or cord-like pattern, were visible inside the tissue
(Fig. 2). Immunohistochemical analysis of the neoplastic
thymic epithelial components revealed positive staining
for CK (Fig. 3) and CK19 and partially positive staining
for CK7. Further, the tumor was positive for CK, Bcl-2,
and vimentin (Fig. 4), partially positive for SMA, and
negative for TTF-1, TG, calcitonin, CD5, TdT, CD5, CEA,
HMB45, SATA-6, Syn, and desmin in spindle cells. The
Ki-67 index was approximately 5%.

Discussion
SETTLE is believed to emanate from ectopic thymic
tissue or the remnants of the branchial sac. It often
develops in children, adolescents, and young adults with
a mean age of onset of 19 (ranged, 4–59) years. However,

Fig. 1 The tumor predominantly spindle cells arranged in bundles or
weaves (HE staining × 100)

Fig. 2 Cystic thymic structures seen between the spindle cells (HE
staining × 100)
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SETTLE has also been reported in older adults, albeit
rarely, and is more common in males. To the best of our
knowledge, fewer than 10 cases have been reported in
the Chinese literature, whereas approximately 50 cases
have been reported in the international literature [1-5]. The
youngest patient reported in the literature was a 2-yearold child [6, 7], whereas the oldest patient was a 75-year-old
man [8]. A painlessly growing thyroid mass is the primary
clinical sign. A rapidly enlarging mass in the neck, local
tenderness, and tracheal compression are uncommon
manifestations. Thyroid function is unaffected, and
results of pathological investigations such as CEA and
calcitonin levels do not show any abnormalities. No
susceptibility factor (e.g., iodine deficiency, ionizing
radiation, genetics, or environment) is associated with the
development of SETTLE. It mainly occurs in the thyroid
gland, but it can also occur in the soft tissues surrounding
the thyroid gland. This case features a lesion occupying
the soft tissues surrounding the thyroid gland.
SETTLE is a spindle epithelial neoplasm. The
tumor is commonly bifurcated and characterized by
spindle-shaped epithelial cells mixed with thymus-like
structures. However, rarely, it can be unidirectional
and consist of spindle cells or thymus-like structures

Fig. 3 CK positive in spindle cells and thymic epithelium, stained by
automatic immunohistochemical staining machine (IHC × 100)

Fig. 4 Vimentin-positive spindle cells, stained by automatic
immunohistochemical staining machine (IHC × 100)
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only. Spindle cells are not distinctly anisotropic.
Spindle cells are characterized by little cytoplasm, long
nuclei, fine chromatin, inconspicuous nucleoli, and rare
nuclear fission. Spindle cells sporadically exhibit hyperdisintegrative activity and focal necrosis. The thymuslike component may be tubular, papillary, or cordlike or comprise small islands of lightly stained cells or
epithelium-lined cystic lumens, with cuboidal or columnar
cells lining the thymic ducts. This component can also be
mucinous or accompanied by cilia with some squamous
metaplasia observed in a few cases. There is no obvious
lymphocytic infiltration. Immunohistochemically, both
neoplastic components of SETTLE have an epithelial
phenotype, express broad-spectrum CK, and have spindle
cells that are positive for vimentin. Spindle cells also
express SMA, c-kit, and Bcl-2 but do not express TG,
TTF-1, calcitonin, S-100, Syn, and CgA. The diagnosis
of SETTLE relies primarily on histological features
and immunohistochemical phenotypes, and accurate
preoperative cytological diagnosis is difficult. Kijong Yi
et al. [9] reviewed eight cases in the literature that were
diagnosed using fine needle aspiration cytology. These
cases were described only morphologically with respect
to cytological diagnosis.
SETTLE should be differentiated from neoplasms with
a spindle cell component.
Synovial sarcoma is a mesenchymal-derived spindle
cell tumor with some degree of epithelial differentiation,
including gland formation. It can affect any site, and
approximately 5% of these tumors occur on the head and
neck. Bidirectional synovial sarcoma has components of
both epithelial and spindle cells, and the two components
are present in variable proportions. The spindle-shaped
tumor cells are distinctly anisotropic and relatively small
and are characterized by oval nuclei; lightly stained,
inconspicuous nucleoli; minimal cytoplasm; and poorly
defined cells. The epithelial cells contain oval nuclei
and abundant cytoplasm, forming thymus-like lumens
containing epithelial mucus, which may also be papillary
in structure. The interstitial collagen fibers are sparse
and may become focally mucinous or focally calcified.
The tumors may contain large numbers of mast cells.
The tumors express cytokeratin CK, EMA, vimentin,
CD99, BCL-2, and calponin, but not desmin or CD34.
Furthermore, t(X; 18) (p11; q11) is a specific cytogenetic
marker for this neoplasm and can be ascertained by
molecular biology testing for cases in which differentiation
of SETTLE seems difficult.
Ectopic malformed thymoma is a benign tumor arising
from the superficial or deep soft tissues of the neck. It
has both ectopic and neoplastic features and is most
commonly observed in males. This tumor is similar in
origin to SETTLE, and it is considered to be one of the
tumors of the neck that is associated with parotid or
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gill bursal derivatives. The tumor consists of a mixture
of spindle cells, islands of epithelial cells, and adipose
tissue. The spindle cells were predominantly arranged
in bundles but may also be of woven or matted shapes,
containing fat spindle-shaped or elongated nuclei, fine
chromatin or vacuole-like, small nucleoli, and nonisomorphic nuclei. Epithelial cells often appear as islands,
small nests, or dilated cysts, and epithelial cells often
show squamous epithelial differentiation, which may
be accompanied by the formation of a varying number
of thymic ducts. Immunohistochemistry revealed the
myoepithelial differentiation of spindle cells, signifying
that neoplasms or tumor cells are a mixture of epithelial
cells and myoepithelial cells. Immunohistochemically,
epithelial cells express epithelial markers, such as CK,
CK5, CK6, CK7, CK8, and EMA, whereas spindle cells
express epithelial markers, CD34, and CD10, with some
of them expressing MSA, a-SMA, and calponin.
Carcinoma with thymus-like differentiation usually
occurs in the lower end of the thyroid gland and,
rarely, in the soft tissues surrounding the thyroid gland.
Morphologically similar to thymic carcinoma, the tumor
is characterized by squamous cell-like or syncytial cells
and a pale eosinophilic cytoplasm. The tumor cells are
short, and are spindle-shaped or polygonal, containing
a poorly defined cell contour and a mild-to-moderate
atypical, large, ovoid, or vesicular nucleus with a mitotic
count of 1–2/10 HPF. Tumor cells may be associated
with squamous differentiation, and lymphocytic
infiltration of intercellular substances may be noted.
Immunohistochemistry revealed the expression of CD5
and CD117 in addition to that of Bcl-2, Mcl-1, CK, EMA,
and CEA. TTF-1 expression was absent.
Sarcomatous undifferentiated carcinoma is a highly
malignant, extensively invasive tumor consisting of a
mixture of spindle cells, pleomorphic giant cells, and
epithelioid cells. When the tumor is predominantly
composed of spindle cells, it often exhibits a sarcomatous
form, featuring a fascicular or matted arrangement of
cells as well as marked anisotropy and pleomorphism.
Immunohistochemistry revealed strong positivity for CK
and TP53 with minimal or no TG and TTF-1 expression.
Medullary thyroid carcinomas are a group of
malignant neoplasms that emanate from parafollicular
cells of the thyroid gland and exhibit varied histological
patterns. Some medullary carcinomas may consist mainly
of spindle-shaped cells arranged in bundles, which are
known as spindle cell medullary carcinomas. Although
this form is uncommon, it is important to differentiate
it from SETTLE. Amyloid deposits are often noted in
medullary carcinomas, and immunohistochemistry
showed positivity for calcitonin and some neuroendocrine
markers, such as CD56 and Syn.
Other tumors with a spindle cell component, such as
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isolated fibrous tumors, malignant fibrous histiocytoma,
and malignant melanoma, can be accurately identified
using the knowledge of SETTLE histological patterns
and assistance from differential immunohistochemical
markers.
Although SETTLE is a low-grade malignancy, distant
metastasis is possible, with the lung being the most
common site of metastasis. In some cases, SETTLE lesions
also metastasize to the lymph nodes, bones, and kidneys.
Distant SETTLE metastases generally occur at a late stage,
up to 25 years after the initial diagnosis [10]. Even in the
presence of metastatic lesions, the patient can still survive
for a long time after treatment. However, there have been
some reports on short-term metastases and even patient
death [11]. The treatment of SETTLE primarily involves
surgical resection. Chemotherapy and radiotherapy may
represent a feasible approach for patients with advanced
disease to control tumor growth, local infiltration, and
bloodstream metastasis. Since late metastases may occur,
long-term follow-up is recommended to detect such cases
[12]
. In our patient, no tumor recurrence or metastasis was
observed even at postoperative 8-month follow-up.
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