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ABSTRACT
Objective: To study the expression of Maelstrom (MAEL) in oesophageal carcinoma and its correlation with clinical prognosis.
Methods: 68 specimens of oesophageal cancer tissues were collected in our hospital from February 2015 to August 2016, with
normal oesophageal mucosa tissues collected as controls. Using the results of immunohistochemistry, the expression rate of the MAEL
protein in oesophageal cancer tissues and adjacent tissues was measured and correlations between MAEL protein expression and gender, age, lymph node metastasis, tissue differentiation degree, and TNM stage were analysed. The relationship between MAEL protein
expression and patient survival time was observed and recorded.
Results: Immunohistochemistry showed that the positive expression rate of MAEL in oesophageal carcinoma was 78.38%,
significantly higher than that in adjacent tissues (22.22%) (P>0.05). MAEL positive expression was associated with the degree of differentiation of oesophageal cancer tissues and the TNM stage. The positive expression rate of MAEL in well-differentiated carcinomas
was 71.43%, which was significantly lower than that in moderate/low-differentiated carcinomas (80.85%) (P<0.05). The difference
between TNM stages was statistically significant (P<0.05). MAEL positive expression was not associated with gender, age, or lymph
node metastasis (P>0.05). Survival analysis was performed using the Kaplan-Meier estimator. The results showed that the 3-year
survival rate of patients with MAEL-positive expression in oesophageal cancer tissues was 30% (15/53), which was significantly lower
than that of patients with negative expression (65%, 9/15) (P<0.05). Through COX multivariate analysis, tissue differentiation, TNM
stage, and MAEL expression were all identified as independent risk factors that affected the prognosis of oesophageal cancer patients.
Conclusion: MAEL was highly expressed in oesophageal cancer tissues and was associated with tissue differentiation, TNM
stage, and survival, and hence could be used as an indicator to evaluate the prognosis of patients with oesophageal cancer.
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Introduction
Oesophageal cancer is the most common malignant tumour of the digestive tract in China, accounting for more than 90% of oesophageal tumours,
with the main pathological type being oesophageal
squamous cell carcinoma. It is second only to gastric
cancer as a cause of malignant tumour death and has
higher incidence and mortality. In recent years, the
incidence rate has increased significantly(1). About
20w people worldwide die of oesophageal cancer
every year, making it a serious threat to people's
life and health(2). Nitrosamines, fungi, trace element
and vitamin deficiencies, smoking and alcohol, and

genetic factors can lead to the occurrence of oesophageal cancer(3). Oesophageal cancer progresses
slowly; early symptoms are not obvious and there
are different degrees of dysphagia when swallowing
food. The typical symptom is progressive dysphagia. When the patient is gradually losing weight and
suffering from dehydration, weakness, and persistent chest pain or back pain, the cancer has reached
an advanced stage and the tumour has invaded the
oesophageal tissue. Jaundice, ascites, coma, etc. indicate that the liver, brain, or other organs have been
affected(4). At present, surgical resection, radiotherapy, and chemotherapy are often used in the treatment
of oesophageal cancer, but their effects are not satis-
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factory for patients in the middle and advanced stages and the recurrence rate is high. Clinical studies
have shown that about 35% of patients have missed
the best chance of surgery due to a lack of early diagnosis(5). Exploring the mechanisms of oesophageal
cancer development is the key to early diagnosis and
treatment, leading to prolonged survival.
Maelstrom (MAEL) is a general term for a class
of tumour antigens, which are usually expressed
only in testicular sperm cells. In other normal cells
they exhibit little or no expression, whereas they are
highly expressed in various tumour tissues(6). Clinical studies have shown that tumour immunotherapy
with MAEL as a target antigen has achieved satisfactory results, and hence MAEL can be used as a molecular marker for tumour diagnosis and prognosis
evaluation(7).
Elucidating the expression of MAEL in oesophageal cancer and its role in the development of
oesophageal cancer has great significance for the development of new methods to treat oesophageal cancer. Therefore, this study further explores the correlation between expression and clinical prognosis by
detecting the expression of MAEL in oesophageal
cancer tissues.
Data and methods

General data
68 specimens of oesophageal cancer tissue
were collected from February 2015 to March 2016
in our hospital, and 20 cases of normal oesophageal mucosa (distance > 5cm from the lesion and no
tumour cell infiltration) were selected as a control
group. Specimens were collected from 42 men and
36 women with an average age of 54.35 ± 7.52 years.
Inclusion criteria:
• Oesophageal squamous cell carcinoma was
diagnosed by relevant pathological examination;
• None of the patients involved in the selected
specimens had undergone radiotherapy and chemotherapy;
• Complete clinical data was available for the
selected patients;
• Oesophageal cancer tissue specimens were
obtained from surgical resection specimens in our
hospital;
• None of the selected patients had other malignant tumours;
• Patients were informed of the study and
signed informed consent. This study was approved
by the hospital ethics association.
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Methods
Immunohistochemistry was used to test MAEL
expression in oesophageal cancer tissues and adjacent
tissues. The tissue was fixed and embedded in 4 μm
serial sections, and the operation was carried out according to the instructions of the real kit. The sections
were dewaxed and dehydrated in a 60oC oven for 60
min, and washed three times with PBS buffer (pH 7.4)
for 3 times, for three minutes each time. The treated sections were placed in an appropriate amount of
citrate buffer that was heated to boiling point. After
mid-range microwave treatment for 10 minutes, the
samples were taken out, naturally cooled, and washed
with distilled water twice. One drop of 3% H2O2 was
added to each section and they were incubated for
10 min at room temperature to inactivate the endogenous enzyme. The PBS solution was removed, and
the sections were incubated with primary antibody
(1:100 dilution) at 4oC overnight. One drop of polymer reinforcement was added to each section and
they were incubated with the polymerized HRP-labelled secondary antibody at 37oC for 30 min. The
sections each had one drop of DAB solution added for
DAB colouring; after 5 min they were counterstained
with haematoxylin, differentiated with 0.1% HCI, and
washed and blued. The sections were observed after
dehydrating, drying, and sealing.
Interpretation of immunohistochemistry results
Five fields under the microscope were randomly selected to observe the colour reaction of the slice.
The criteria for identifying MAEL were that it was
mainly expressed in the nucleus and it was positive
in fine brown-yellow particles.
The staining depth was scored as follows:
• 0: completely negative;
• 1 point: weakly positive;
•2 points: moderately positive;
• 3 points: strong positive.
The proportion of stained cells was scored as:
•1 point: <25%;
• 2 points: 26%-50%;
• 3 points: 51-75%;
• 4 points: 76%-100%.
The total score was given by the product of the
depth of staining and the proportion of the stained
area, with 0-6 points indicating negative expression
and 8-12 points corresponding to positive expression.
Observation index
• Using the results of immunohistochemistry,
the negative and positive expression rates of MAEL
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protein in oesophageal cancer tissues and adjacent
tissues were analysed.
• Using the results of immunohistochemistry,
the correlations between MAEL protein expression
and gender, age, lymph node metastasis, tissue differentiation degree, and TNM stage were analysed.
• The relationship between MAEL protein expression and patient survival time was observed and
recorded. Follow-up was mainly in the hospital, although follow-up was also conducted by telephone
for some patients. The patients that were lost were
considered to have died from the date on which a
loss of follow-up occurred.
Statistical methods
The data were processed by SPSS 23.0 and the
count data were analysed by the χ2 test. Survival
analysis was performed by the Kaplan-Meier method while the survival rate was analysed by the logrank test. P<0.05 was considered to be statistically
significant.
Results
Expression of MAEL protein in oesophageal
cancer tissues and adjacent tissues
The results of immunohistochemistry showed
that the positive expression rate of MAEL in oesophageal carcinoma was 78.38%, which was significantly higher than that in adjacent tissues (22.22%)
(P>0.05), as illustrated in Figure 1.
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moderate/low-differentiated carcinoma (80.85%)
(P<0.05). The difference between TNM stages was
statistically significant (P<0.05). MAEL positive
expression was not associated with gender, age, or
lymph node metastasis (P>0.05). The results are
shown in Table 1.
Clinicopathological
parameter

n

MAEL
Positive

Negative

Gender
Male

42

33(62.26)

9(60.00)

Female

26

20(37.74)

6(40.00)

<60 years old

28

22(41.51)

6(40.00)

≥60 years old

40

31(58.49)

9(60.00)

Age

Lymph node metastasis
Yes

29

23(43.40)

6(40.00)

No

39

30(56.60)

9(60.00)

Well differentiated

21

15(28.30)

6(40.00)

Moderate/low-differentiated

47

38(71.70)

9(60.00)

Degree of differentiation

TNM stage
I

21

14(26.42)

7(46.67)

II

26

20(37.74)

6(40.00)

III

15

13(24.53)

2(13.33)

IV

6

6(11.32)

0(0.00)

χ2

P

0.025

0.873

0.011

0.916

0.055

0.814

19.360

<0.001

14.52

<0.001

Table 1: Relationship between positive expression rate of
MAEL and clinicopathological features.

Relationship between MAEL expression and
survival time
Survival analysis was performed using the
Kaplan-Meier estimator, with the results shown in
Figure 2. The 3-year survival rate of patients with
MAEL-positive expression in oesophageal cancer
tissues was 30% (15/53), which was significantly
lower than that of patients with negative expression
(65%, 9/15) (P<0.05).

Figure 1: Expression of MAEL protein in oesophageal
cancer tissues and adjacent tissues.

A: Positive expression in oesophageal cancer tissue; B: Negative
expression in adjacent tissues.

Relationship between positive expression rate
of MAEL and clinicopathological features
MAEL positive expression was associated with
the degree of differentiation of oesophageal cancer
tissues and TNM stage. The positive expression
rate of MAEL in well-differentiated carcinoma was
71.43%, which was significantly lower than that in

Figure 2: Relationship between MAEL expression and
survival time.
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Multivariate analysis of COX proportional
hazard model in patients with oesophageal cancer
Through COX multivariate analysis, tissue
differentiation, TNM stage, and MAEL expression
were all shown to be independent risk factors
that affected the prognosis of oesophageal cancer
patients. Table 2 summarises the results.
95%CI

Relative factors

P

Relative
hazard value

Lower limit

Upper limit

Age

0.609

0.899

0.608

1.319

Gender

0.339

0.931

0.986

1.117

Histological type

0.543

0.909

0.789

1.311

Degree of differentiation

0.038

0.899

0.719

1.003

TNM stage

<0.001

8.525

4.349

16.724

Lymph node metastasis

0.272

0.893

0.657

1.277

MAEL expression

0.035

8.001

4.125

12.975

Table 2: Multivariate analysis of COX proportional hazard model in patients with oesophageal cancer.

Discussion
In recent years, the incidence of distal gastric
cancer in many countries and regions has decreased
significantly, but the incidence of oesophageal cancer has increased year by year. At present, some biological indicators are valuable in diagnosing the
malignant degree of oesophageal cancer in patients,
selecting treatment methods, and evaluating prognosis. Detection of these biological indicators can guide
clinicians to develop reasonable individualized treatment options and target treatment for patients.
Recent studies have shown that MAEL, which
was originally cloned from the Drosophila mutant
maelstrom, can be used as a novel cancer antigen
of testosterone(8). Clinical studies suggest that, as a
tumour-promoting gene, MAEL exists in the 1q24
position of cancers such as colorectal cancer and
liver cancer, playing an important role in promoting
tumour cell invasion and migration, and is closely
related to the prognosis(9). Analysis of the human
EST database using the electronic differential display method in 2005 showed that this gene can be
highly expressed in the human testis but have little
or no expression in other normal tissues(10). Northen hybridisation experiments found that this gene is
only specifically expressed in human testes, and not
expressed in tissues such as the ovary and liver(11). In
this study, the human MAEL gene was cloned from
human testis tissue. The expression of MAEL in oesophageal cancer tissues and adjacent tissues was
tested by immunohistochemistry. It was found that

MAEL is mainly expressed in oesophageal cancer
tissues, while in normal adjacent tissues it has negative expression. The immunohistochemical results
showed that the positive expression rate of MAEL
in oesophageal cancer tissues was 78.38%, which
was significantly higher than that in adjacent tissues
(22.22%) (P>0.05), indicating that MAEL is highly
expressed in oesophageal cancer tissues. At the same
time, this study found that MAEL positive expression
was associated with the degree of differentiation of
oesophageal cancer tissues and the TNM stage. The
positive expression rate of MAEL in well-differentiated carcinoma was 71.43%, which was significantly
lower than that in moderate/low-differentiated carcinoma (80.85%) (P<0.05). The difference between
TNM stages was statistically significant (P<0.05).
The higher the degree of tissue differentiation, the
higher the positive expression rate of MAEL protein
in the late TNM stages. Clinical studies have shown
that when the positive expression rate of MAEL
protein is ≥35%, the clinical prognosis of patients
is worse(12). High expression of MAEL protein can
affect the histological pathological grade, which in
turn affects tumour cell differentiation(13). MAEL
regulates cell differentiation, myometrial invasion,
and lymph node infiltration, mainly by regulating
epithelial mesenchymal transition and expression of
the intercellular adhesion protein E-cadherin, but its
mechanisms have not been fully elucidated and need
further investigation(14). Studying the relationship
between MAEL protein and tissue differentiation
and TNM stage can provide a reference for evaluating clinical efficacy and predicting survival time
after surgery(15).
Finally, this study analysed the relationship
between MAEL expression and survival time of patients with oesophageal cancer. The results of survival analysis performed by Kaplan-Meier estimation showed that the 3-year survival rate of patients
with MAEL positive expression in oesophageal
cancer tissues was 30% (15/53), which was significantly lower than those with negative expression
(65%, 9/15) (P<0.05). Through COX multivariate analysis, tissue differentiation, TNM stage, and
MAEL expression were all identified as independent
risk factors for the prognosis of oesophageal cancer patients. Prolonged survival of patients may be
related to local tumour cell recurrence and tumour
cell invasion controlled by MAEL protein, further
confirming that MAEL protein expression is closely
related to patient prognosis and affirming the value
of MAEL protein in prognosis evaluation.
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In summary, MAEL is highly expressed in
oesophageal cancer tissues and is associated with
tissue differentiation, TNM stage, and survival. It
is of great significance for prognosis analysis and
postoperative adjuvant therapy in patients with oesophageal cancer, serving as an index for prognosis
evaluation.
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