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Endometrial carcinoma (EC) is a type of female reproductive malignant tumor, the incidence of which is gener-
ally 20~30%. Multiple factors and genes are involved in the regulation of EC occurrence and progression. This
study aimed to measure the expressions of MACC1 and c-Myc in EC patients to analyze their correlation with
pathological features of EC.

A total of 60 EC patients were recruited in the experimental group, while another cohort of 30 people with en-
dometrial inflammatory hyperplasia was enrolled in the control group. The levels of serum MACC1 and c-Myc
were measured by ELISA, and the protein expressions in EC cancer tissues, tumor-adjacent tissues, and con-
trolled endometrial tissues were detected by immunohistochemistry (IHC). The correlation between gene ex-
pression and clinical/pathological features was then determined.

Our data indicate that the level of serum MACC1 and c-Myc in the experimental group was 1.67+0.08 ng/ml and
1.78+0.07 ng/ml, respectively, both of which were significantly higher than that of the control group (p<0.05).
However, no significant difference was found among levels of serum MACC1 or c-Myc at different TNM stag-
es (p>0.05). In cancer tissues, the positive rate of MACC1 or c-Myc was 73.3% and 78.3%, respectively, which
were significantly higher than that in adjacent or control tissues (p<0.05). MACC1/c-Myc expression was cor-
related with TNM stage, primary infiltration grade, lymph node metastasis, and distal metastasis (p<0.05).
MACC1 and c-Myc are highly expressed in serum and tumor tissues of EC patients. Both are correlated with
TNM stage, primary infiltration, and lymph node or distal metastasis, which provides a scientific basis for the
development of new biomarkers for the diagnosis of endometrial carcinoma.
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Background

Endometrial carcinoma (EC) is a type of cancer that begins
in the uterus. In recent years, factors such as life-style, diet,
and hormone therapy have been reported to increase EC inci-
dence, especially in younger patients [1]. The continuous de-
velopment of medical science has produced major progress
in screening, diagnosis, and treatment of EC. For EC patients,
however, survival time after treatment and quality of life have
not significantly improved. In addition, details of pathogenesis
mechanism of EC have not been fully defined. Accumulating
evidence shows that oncogenes and tumor-suppressor genes
may disrupt normal cellular metabolism via chromosomal trans-
location, rearrangement, gene amplification, and gene muta-
tion, eventually leading to malignant transformation [2-4].
Previous findings indicated the correlation between EC occur-
rence and oncogene activation or inactivation/deficiency of
tumor-suppressor genes. As early as 2009, Stein et al. identi-
fied the MACC1 gene, which is correlated with the occurrence
and metastasis of colon cancer. It locates on human chromo-
some 7p21.1, and encodes 1 mRNA with 2559 nucleic acids
and 1 protein containing 852 amino acids. This protein con-
sists of ZU5 structural domain, SH3 structural domain, pro-
line proficient module, and death structural domain. Among
those domains, ZU5 induces the interaction between proteins
and participates in the regulation of various signal transduc-
tion pathways [5]. Expression of the c-Myc gene contributes
to DNA activity in the form of dimers. After specific binding
with DNA, it can regulate multiple gene expressions [6]. It has
been demonstrated that the expression of oncogene c-Myc in
various human malignant tumors was altered [7]. At present,
understanding of the expression profile and clinical implica-
tion of MACC1 or c-Myc in EC is incomplete. This study thus
assessed the levels of MACC1 and c-Myc in EC patients and
their correlation with clinical or pathological features of EC.

Material and Methods

General information

A total of 60 EC patients who had surgery in the Central hospi-
tal of Zibo In Shandong from January 2015 to June 2016 were
recruited. Patients were 35-70 years old (average age=49.5+4.8
years), with 12, 24, 12, and 12 cases at stage |, Il, lll, and IV,
respectively. All patients had confirmed diagnosis. Tumor-
adjacent tissues were removed during surgery. Another co-
hort of 30 patients age 35-68 years (average age=48.8+4.0
years) with inflammatory endometrial hyperplasia was recruit-
ed from our hospital as the control group. Patients groups
were not significantly different in age or sex and were thus
comparable (p>0.05).
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The study protocol was approved by the Research Ethics
Committee of Central Hospital of Zibo in Shandong, and all
patients gave informed consent before study commencement.

Experimental reagents and equipment

MACC1, c-Myc ELISA kits, blocking reagent, primary antibody
for MACC1 and c-Myc, rabbit anti-mouse secondary antibody,
and DAB substrate kits were all purchased from Shanfeng Chem
(China). The microplate reader was from TECNA UK), the de-
hydration chamber was from TIYODA (Japan), and the micro-
tome was from Leica (Germany).

ELISA for serum MACC1 and c-Myc contents in patients

Fasting venous blood samples were collected from all patients,
which were then centrifuged for the collection of supernatant.
ELISA was used to measure serum MACC1 and c-Myc contents.
The ELISA kit was pre-warmed to room temperature for 30 min.
Standard samples were diluted serially. At each concentration,
5 replicated wells were set for adding samples, rising, develop-
ment, and quenching. A microplate reader was used to mea-
sure absorbance value at 450 nm wave length. A linear regres-
sion function was plotted to calculate sample concentration.

Immunohistochemistry staining for tissue expression of
MACC1 and c-Myc

Tissue samples were fixed in formalin and embedded in par-
affin. Tissue blocks were sectioned into 3-pm slices on a mi-
crotome. Tissue slices were mounted onto a slide and dried
at 60°C overnight. Tissue slices were de-waxed in xylene and
rinsed in gradient ethanol. After heated antigen retrieval, tis-
sue slices were rinsed under tap water and incubated with
H,0,. Blocking agent was then added, followed by primary
antibody (1: 100 dilution) for 1-h incubation. Secondary anti-
body (1: 100 dilution) was then added after rinsing, followed
by DAB development and mounting on a coverslip. Positive
staining was identified [8] as dark yellow granules in mem-
brane, cytoplasm, and nucleus as: negative (-) <10%; weakly
positive (+) 11~25%; positive (++) 26~50%; and strongly pos-
itive (+++) >50%.

Data processing

SPSS17.0 statistical software was used for data processing.
Enumeration data were analyzed by chi-square test, while mea-
surement data were analyzed by analysis of variance (ANOVA)
and are presented as mean + standard deviation (SD). Logistic
regression was used for multi-factorial analysis. Statistical sig-
nificance was defined as p<0.05.
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Table 1. Serum MACC1 and c-myc levels in patient serum.

Group N MACC1 (ng/ml) C-myc (ng/ml)
Experimental group 60
"""""" Stagel  1emo0  177:006*
"""""" Stagel 165003 1785005
"""""" Stagem!  1e7x003*  18s007"
"""""" StageW 170"  18s001"
"""" Controlgowp 30 003001 005001

* p<0.05 compared to control group.

Table 2. MACC1 expression in patient tissues.

MACC1 expression level

Positive rate

(%)
Cancer tissue in patients 60 16 33 11 73.3*
""""" Tumor adjacent tissues 60 56 4 0o 15
""""" Controlgoup 3% 27 3 o 10

* p<0.05 compared to adjacent tissues; * p<0.05 compared to control group.

Figure 1. MACC1 expression in patient tissues (x400). (A) MACC1 expression (+++) in cancer tissues from experimental group;
(B) MACC1 expression (-) in tumor-adjacent tissues; (C) MACC1 expression (=) in control group.

Results MACC1 protein expression in patient tissues

Serum MACC1 and c-Myc levels in patients

Peripheral venous blood samples from EC patient were col-
lected, centrifuged, and the sera were collected for further
testing. Results showed the level of MACC1 or c-Myc reached
1.67+0.08 ng/ml and 1.78+0.07 ng/ml, respectively, in exper-
imental group (p<0.05 compared to control group). No signif-
icant change in MACC1 or c-Myc level was observed at differ-
ent TNM stages of the experimental group (p>0.05, Table 1).

The expression of MACC1 protein in EC tumor tissues, adjacent
tissues, and control endometrial tissues were tested. Our data
showed that in the experimental group, 11 cases presented
strongly positive (+++) expression of MACC1 in cancer tissues,
with 33 cases of positive expression (++), and the overall pos-
itive rate was 73.3%, which was significantly higher than that
of tumor-adjacent or control tissues (p<0.05, Table 2, Figure 1).
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Table 3. C-myc protein expression in patient tissues.

C-myc expression level

CLINICAL RESEARCH

Positive rate

Cancer tissue in patients 60 13
Tumor adjacent tissues 60 52
Control group 30 54

)
37 10 78.3*#

””””””” s o 13

""""""" 6 o 10

* p<0.05 compared to adjacent tissues; * p<0.05 compared to control group.

Figure 2. C-Myc expression in patient tissues (x400). (A) C-Myc expression (+++) in cancer tissues from experimental group; (B) C-Myc

expression (=) in tumor-adjacent tissues; (C) C-Myc expression (=) in control group.

C-Myc protein expression in patient tissues

To study the difference in c-Myc protein expression in EC tu-
mor tissues, adjacent tissues, and control endometrial tissues,
we performed IHC staining and found a 78.3% positive rate of
c-Myc in cancer tissues from the experimental group, which
were significantly higher than that from the tumor-adjacent
and control groups (p<0.05, Table 3, Figure 2).

Correlation between MACC1/c-Myc expression and
clinical/pathological features

We further analyzed the correlation between MACC1/c-Myc
expression and the clinical relative factors, including EC pa-
tient age, pathological grade, clinical stage, histology sub-
type, differentiation grade, vascular infiltration, and lymph
node metastasis. Of note, results showed that MACC1/c-Myc
expression level was correlated with TNM stage, primary le-
sion infiltration level, lymph node metastasis, and distal me-
tastasis (p<0.05). For those EC patients with advanced TNM
stage, multiple primary lesions, advanced primary lesion infil-
tration, lymph node, and distal metastasis, the MACC1/c-Myc
level was significantly elevated (p<0.05, Table 4).

Multi-variant analysis of MACC1/c-Myc expression and
clinical/pathological features of endometrium

The data of logistic multi-variant analysis showed that TNM
stage, primary lesion infiltration, lymph node metastasis, and
distal metastasis were all risk factors affecting MACC1/c-
Myc expression and causing EC occurrence and progression
(p<0.05, Table 5).

Discussion

EC, which is a type of female reproductive malignant tumor,
generally occurs in post-menstrual women, and only 10% of
patients are under 40 years old [9]. A clinical survey for endo-
metrial proliferation showed about 1~3% cancer transforma-
tion rate in those with pure endometrial proliferation, while
the cancer rates were 3~4% and 23% for patients with com-
plex proliferation of endometrium and atypical endometrial
proliferation, respectively [10]. C-Myc protein represents one
of the most important cytokines involved in cell cycle modula-
tion. Its over-expression may lead to abnormal mitosis, accel-
erated proliferation, and transition of resting phase to mitosis
phase in cell cycle, which thereby facilitates cell proliferation
and growth [11-13]. Previous studies also indicated MACC1
over-expression appeared in multiple types of malignant tumor
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Table 4. Correlation between MACC1/c-myc expression and pathological features.

Index N MACC1 C-myc
Age
s 7 2n g7 3 @2
"""""" s 33 2 en 2 667
o Pvalie 005 5005
"""" Pathological grade
"""""" @« 1w 5 60 5 60
"""""" @ 1  sen 7068
"""""" s s 3 @9 33 (868
C Pvalie pc0c0s P05
"""" Climicalstage
. n 4 Gen 4 G64)
o 7o o (299 10 (588
e 8 16 ®9 17 (449
e “ 14 @0 1 (o)
o Pvalue Pc0c0s P05
"""" Histologytype
~ squamous s 3 g2y 2 674
"""""" Adenoma 17 12 08 16 41
o Pvalie 005 005
"""" Differentiation
Cw - 2 057 2 057
 Moderatetohigh 7 21 68 3 622
C Pvalle pc00s P05
"""" Vascular infitratoin
"""""" Ys 1. 16 @o 15 938
N “ 7 619 30 682
C Pvalie pc0c0s P05
"""" lymph node metastasis
"""""" Ys 10 10 @ 10 @0
N s 3 66 3 @0
o Pvalue Pc0c0s P05

tissues, including colon cancer, pancreatic carcinoma, liver can-
cer, breast carcinoma, lung cancer, prostate carcinoma, and
brain glioma [14-16]. The present study thus assessed the
levels of MACC1 and c-Myc in EC patients and analyzed their
role in the clinical changes of EC.

We found over-expression of MACC1 and c-Myc in both serum
and tumor tissues of EC patients, and we found significant

differences in serum MACC1 and c-Myc levels of EC patients
with different TNM stages. A previous study measured MACC1
protein and mRNA expression in normal endometrial tissues,
pure hyperplasia endometrium, atypical hyperplasia endo-
metrium, and EC tissues, and demonstrated the involvement
of MACC1 in EC pathogenesis and progression [17]. Some re-
ports showed that activation of c-Myc gene in malignant tu-
mors caused over-expression of c-Myc proteins [18]. Bai et al.
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Table 5. Correlation between MACC1/c-myc expression and clinical/pathological features of EC.

Parameter

Regression
coefficient
TNM stage 0.724 0.003
primary infitration 1132 o002
Lymph node metastasis 1113 o002
Distal metastasis 0748 0002

Relative Regression Relative
risk coefficient risk
2.125 0.697 0.003 2.015
a0 1233 o002 235
Cas o1 0001 2457
2156 os7s 0002 2054

measured P62 protein, which is the product of c-Myc, in pro-
liferating endometrium, endometrial hyperplasia, and EC tis-
sues, and found the highest level of P62 protein expression
in EC tissues [19], consistent with our results.

In our study of the correlation between MACC1/c-Myc expres-
sion and clinical/pathological features, including age, patholog-
ical grade, clinical stage, histology type, differentiation grade,
vascular infiltration, and lymph node metastasis, we found
that MACC1/c-Myc expression level was correlated with TNM
stage, primary lesion infiltration grade, lymph node metastasis,
and distal metastasis. TNM stage, primary lesion infiltration,
lymph node metastasis, and distal stasis were all risk factors
for changed MACC1/c-Myc expression and EC pathogenesis/oc-
currence. Regarding the MACC1 functional mechanism, a basic
study indicated that the major mechanism of MACC1 may in-
volve abnormal activation of the HGF/c-Met signal transduc-
tion pathway. In the cell nucleus, MACC1 binds with c-Met pro-
moter to regulate its activity, leading to the over-expression
of c-Met protein. The over-reaction of cells towards HGF facil-
itates MACC1 translocation from cytoplasm to nucleus. Such
a repeated cycle eventually leads to EC occurrence and pro-
gression [20]. For c-Myg, its functional mechanism mainly de-
pends on the induction of mitosis and cell cycle growth re-
sponse. The co-activation of c-Myc and cyclin E can regulate
cell cycle, potentiate hyperplasia of atypically proliferated endo-
metrium, and elevate estrogen receptor level in endometrium
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as well as the c-Myc transcription, eventually leading to gene
amplification and over-proliferation of endometrial cell prolif-
eration and EC occurrence [21]. Further research using target-
ed animal models based on clinical evidence is required for
the validation of these results. Moreover, a large-scale study
of MACC1 and c-Myc in EC patients is needed to assess the
dynamic expressions of MACC1 and c-Myc should be moni-
tored and compared before and after treatment, especially for
those patients receiving surgery or chemo-/radio-therapy, in
order to quickly evaluate the impact of their dynamic change
on clinical symptoms and pathological features, treatment ef-
ficiency, and prognosis.

Conclusions

In EC patient serum and cancer tissues, both MACC1 and c-Myc
are highly expressed, and their levels are correlated with TNM
stage, primary lesion infiltration grade, lymph node metastasis,
and distal metastasis. Our results may provide a novel strat-
egy for EC diagnosis and treatment, although details of the
mechanism require further investigation.
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