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Abstract: A recent study found that colon cancer metastasis related genes (MACC1) play an important role in regula-
tion of the HGF-MET signaling pathway. Here is reported a study of the correlation between MACC1 and MET gene 
expression with clinical significance in colorectal cancer patients with preoperative chemoradiotherapy (CRT). A to-
tal of 52 cases of patients with rectal cancer after CRT treatment were enrolled, mRNA expression levels of MACC1 
and MET were detected by qRT-PCR after extracting total RNA. Furthermore, expression of MACC1 was detected by 
immunohistochemistry (IHC). Analysis of the correlation of the expression of MACC1 and MET with recurrence free 
survival (RFS) of the patients was performed by Meier-Kaplan method. Expression of MACC1 and c-Met was posi-
tively correlated in rectal cancer patients after CRT. IHC analysis found that both proteins were expressed in cyto-
plasm in patients with rectal cancer. Kaplan-Meier analysis found that when MACC1 or c-Met was highly expressed, 
the RFS value decreased, and when the both were highly expressed, the prognosis was even worse. Detection of the 
expression MACC1 and MET in patients with rectal cancer after CRT can provide the reference value for prognosis 
of patients. 
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Introduction

Colorectal cancer is a common malignant tu- 
mor of the digestive tract, and 25% of patients 
with colorectal cancer were diagnosed with re- 
ctal cancer [1]. The Ccurrence of colorectal  
cancer may be related to the social environ-
ment, lifestyle, and genetic factors. Currently, 
the total mesorectal excision combined with 
preoperative chemoradiotherapy (Chemoradio- 
therapy, CRT) treatment strategy has greatly 
improved the treatment effect of patients, but 
there were still 15-20% patients who had a 
relapse [2]. It is very important to study the risk 
of rectal cancer with the molecular marker for 
prognosis and personalized treatment [3]. 

Many studies have found that the HGF/c-Met 
signaling pathway is closely related to the 
malignant progression of various cancers in- 

cluding colorectal cancer [4-6]. Abnormal acti-
vation of HGF/c-Met signals leads to invasion, 
metastasis and poor prognosis of cancer cells 
[7]. Recent studies have found that MACC1 
plays an important role in the HGF/c-Met signal-
ing pathway and may regulate c-Met expression 
[8]. Stein et al. reported that MACC1 is an 
important marker and target for malignant pro-
gression and metastasis of colorectal cancer 
[9]. This study aims to investigate the correla-
tion and clinical significance of MACC1 and 
c-Met gene expression in the treatment of rec-
tal cancer after CRT.

Materials and methods

Selection of research objects

From January 2011 to March 2018, patients 
admitted to Qianfoshan Hospital of Shandong 
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Province, Shandong University (Jinan, Shan- 
dong, China) from the rectum and anus surgery 
were recruited, who were diagnosed as rectal 
cancer by rectal examination, sigmoid colonos-
copy and pathological analysis, with average 
ages of 64.5 ± 8.5 years old. Pathological grad-
ing of all rectal cancer patients were carried out 
according to TNM grading criteria. All of the 
subjects were firstly treated with CRT combined 
with total mesenteric excision. 

The study prot Col was approved by the Re- 
search Ethics Committee of Qianfoshan Ho- 
spital of Shandong Province, Shandong Un- 
iversity (Jinan, Shandong, China), and all pa- 
tients gave their informed consent before study 
commencement.

Reagents and instruments

The quick extraction kit of fresh tissue RNA was 
purchased fromXiamen ed bio Pharmaceutical 
Co. Ltd; RT-PCR Kit was purchsed TianGen 
Biotech Co. Ltd; Gel imaging system was pur-
chased from Shanghai science and Technology 
Co., Ltd.. All antibodies were purchased from 
Wuhan Sanying Biotechnology Co. Ltd. DAB 
color solution was purchased from Boster 
Bioengineering Co., Ltd., Wuhan. Other reagents 
were commercially available analytical grade.

CRT therapy method

All patients received CRT therapy with the fol-
lowing specific scheme: all patients were treat-
ed with 4 courses of 5-fluorouracil chemothera-
py (5FU), 600 mg/m2 5FU were given by 
continuous infusion for 24 h each course, and 
at the same time 400 mg/m2 5FU each day 
were continuously infused for 5 days. During 
the course of chemotherapy, radiation therapy 
was performed at the same time, and the inten-
sity was 20-45 Gy. Pathological response to 
CRT treatment was obtained by Mandard tumor 

regression grade (TRG) score [10], including 
TRG1: tumor complete faded, no tumor cells 
remained in the tissue of fibrosis; TRG2: the 
tumor was largely dissipated, and there were 
very few tumor cells remaining in the specimen, 
and fibrosis was more than 50%; TRG3: tumor 
lesions moderately subsided, there are a small 
amount of tumor cells or cells, the degree of 
fibrosis is about 50%-25%; TRG4: The tumor 
cells mass of lesion were obvious, and the 
fibrosis was less than 25%; TRG5: there was no 
fading in tumor lesions. Among them, TRG1-
TRG3 showed that the effect of CRT was good, 
and TRG4-TRG5 showed that the effect of CRT 
was poor.

Surgical treatment was performed within 6-8 
weeks after CRT. Total mesorectal excision 
method was used for treatment. All samples 
were obtained during surgery, one part of tis-
sues were stored in liquid nitrogen for cryo-
preservation, another part of tissues were fix-
ated and embedded by conventional methods, 
each specimen was sliced continuously for 4 
pieces, of which 2 were used for the determina-
tion of histological grade and immunohisto- 
chemistry.

RT-PCR

According to the mRNA sequence (Genebank 
accession number: NM_182762, NM_0011- 
27500) of MACC1 and c-Met protein, the PCR 
primers were designed for RT-PCR amplifica-
tion, the amplified primers are shown in Table 
1, with beta-actin used as a reference for 
detecting the relative expression level of 
MACC1 and c-Met mRNA. An amount of 20 mg 
frozen rectal cancer tissues after surgery was 
taken, the total RNA of each sample was 
extracted using the RNA rapid extraction kit of 
fresh tissue, RT-PCR reaction was performed 
using RT-PCR kit. First, reverse transcription 
PCR was carried out at 37°C for 2 hours fol-
lowed by performing RT-PCR: the conditions for 
cycle were: 95°C/5 min, 95°C/1 min, 54°C/30 
s, 72°C/1 min, including a total of 30 cycles. 
The relative expression of c-Met and MACC1 
mRNA was detected by electrophoresis and 
analyzed by gel image analyzer.

Immunohistochemical staining 

Expression of MACC1 and c-Met in colorectal 
cancer tissues was detected by immunohisto-

Table 1. Primer sequences used in RT-PCR
Primer sequences Tm
β-actin F 5’-CGTACCACTGGCATCGTGAT-3’ 55.9°C

R 5’-GTGTTGGCGTACAGGTCTTTG-3’ 55.7°C
MACC1 F 5’-TGATTGACATGGAAGCTGGA-3’ 54.4°C

R 5’-TGATTGACATGGAAGCTGGA-3’ 54.5°C
c-Met F 5’-AGGTGTGGGAAAAACCTGA-3’ 54.1°C

R 5’-ATTCAGCTGTTGCAGGGAAG-3’ 54.9°C
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chemistry. The main pr Cedures of this experi-
ment were as follows: paraffin section was 
waxed and hydrated, 5% BSA was used to bl Ck, 
followed by addition of primary antibody work-
ing fluid and incubation at room temperature 
(Rabbit anti human MACC1 mon Clonal anti-
body, Rabbit anti human c-Met mon Clonal anti-
body). After washing, biotin labeled secondary 
antibody working fluid was added and incubat-
ed at room temperature, HRP coupled strepta-
vidin avidin was then added followed by wash-
ing and addition of DAB. After hematoxylin 
staining for 2 minutes, distilled water was used 
to wash followed by dehydration and observa-
tion under a microscope.

Results

Correlation between expression of MACC1 and 
c-Met

Following up of all patients with rectal cancer 
after CRT combined with surgery was per-
formed and 15 of the 52 patients had postop-
erative recurrence, of which there were 4 
patients who had recurrence in situ. Liver and 
lung metastasis occurred in 2 patients and 
there were 6 patients who had a single lung 
metastasis. One patient had recurrence in situ 
and lung metastasis and there were 2 other 
patients with peritoneal metastasis. Expression 
of MACC1 and c-Met in cancer tissues was 
detected by qRT-PCR and showed that com-
pared with patients who did not recur after  
surgery, the expression of MACC1 and c-Met 
was higher in patients with recurrence and 
metastasis, but the difference was not signifi-
cant (p = 0.333, p = 0.221) (Table 2). Correla- 
tion between expression level of MACC1 and 
c-Met was assessed by Spearman rank corre- 
lation coefficient, as shown in Figure 1, and 
showed that the expression level of MACC1  
and c-Met was positively correlated (Spear- 
man correlation coefficient was 0.64, p = 
0.0001) in the cancer tissues of rectal cancer 
patients after CRT combined with total mesen-
teric excision.

Table 2. Relationship between expression level of MACC1 and 
c-Met and clinical pathological parameters

Number 
of cases MACC1 P value c-Met P value

Gges (years)
    ≥ 65 28 0.151 0.551 0.278 0.291
    < 65 24 0.061 0.092
Gender
    Male 31 0.094 0.9 0.211 0.703
    Female 21 0.036 0.092
TNM stages
    T I/II 19 0.046 0.847 0.251 0.921
    T III/IV 33 0.092 0.143
Mandard TRG
    1-2 grades 15 0.034 0.077 0.066 0.186
    3-5 grades 37 0.238 0.260
Whether recurrence or not
    Recurrence 15 0.275 0.333 0.533 0.221
    No recurrence 37 0.074 0.107

Figure 1. Correlation analysis of expression of 
MACC1 and c-Met. Note: n = 52, Spearman correla-
tion coefficient = 0.64, p = 0.0001.

Statistical analysis

All data are expressed as mean ± 
standard deviation, and U Mann-
Whitney test was used for com-
parison between groups. Accor- 
ding to the parameters of all 
patients, the critical value of the 
expression of MACC1 and c-Met 
was calculated using the recei- 
ver operating characteristic curve  
(ROC). Correlation between vari-
ables (MACC1 and c-Met expres-
sion levels) was assessed by 
Spearman rank correlation coef-
ficient. Survival rate of patients 
was evaluated by Meier-Kaplan 
analysis. Log rank test was us- 
ed to test the difference bet- 
ween the two groups, and the p < 
0.05 indicated statistically signi- 
ficant.
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Experimental results of IHC

The expression of MACC1 and c-Met in tumor 
tissues of patients with rectal cancer after CRT 

used to determine the expression levels of 
MACC1 and the critical value c-Met were 0.261 
and 0.877. The relationship between the 
expression of RFS and MACC1 and c-Met was 
analyzed by Kaplan-Meier and found that when 
the expression level of MACC1 or c-Met was 
higher than the critical value, the patients with 
poor RFS (MACC1: p = 0.0426, c-Met: p = 
0.0231) (Figures 3 and 4), and when the 
expression level of MACC1 and c-Met were 
higher than the critical value, the more signifi-
cant difference (p = 0.0017) (Figure 5).

Discussion

Recent studies show that MACC1 can act on 
HGF/c-Met signaling pathway, thus affecting 
invasion and metastasis of human malignant 
tumor cells [11-13]. However, the exact role of 
MACC1 and MT expression in patients with rec-
tal cancer remains unclear. In the present 
study, MACC1 and MET expression in cancer 
tissues of patients with rectal cancer after CRT 
treatment were positively correlated with each 
other. Further immunohistochemical analysis 
showed that these two proteins were co-locat-
ed in the cytoplasm, further supporting the 
interactive relationship between them.

Abnormal activation of HGF/c-Met signaling 
pathway were found in many human malignant 
tumor cells [14]. HGF/c-Met signal pathway is 
composed of HGF and its receptor c-Met inter-
actions, which lead to a series of downstream 
signal transduction. A previous study indicated 
that the HGF/c-Met signaling pathway was 
related with cancer cell proliferation, metasta-
sis and other acts [15]. c-Met is a specific 
receptor to HGF, when the two genes were com-

Figure 2. Experimental results of IHC of MACC1 and c-Met. Arrows indicated 
the positive staining. Scale bar = 20 mm.

Figure 3. The high expression of MACC1 and RFS cor-
relation.

Figure 4. High expression of c-Met and RFS correla-
tion. 

treatment was detected by 
IHC (Figure 2) and found that 
expression of MACC1 protein 
was located in the cytoplasm, 
and c-Met protein in the cyto-
plasm and cell membrane had 
positive expression.

The relationship between the 
expression of MACC1 and c-
Met and relapse free survival

In order to analyze the rela-
tionship between MACC1 and 
c-Met expression and pa- 
tient’s survival without recur-
rence (RFS), ROC curve was 
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bined, which can induce the change of space 
structure of c-Met, leading to activation of the 
PTK domain, and subsequent increase of tyro-
sine kinase activity. Activated PTKs can lead to 
a variety of substrate phosphorylation activa-
tion, PI3K/AKT, Ras/Raf/MAPK, Grb and STAT, 
et al. thus, participating in the regulation of cell 
proliferation and differentiation [16, 17], A pre-
vious study found that PI3K/AKT, Ras/Raf/
MAPK, Grb and STAT signal pathway had great 
significances on invasion and metastasis of 
tumor cells [18].

Tumor migration and invasion is a complex bio-
logical pr Cess, including cell adhesion, extra-
cellular matrix degradation, and so on [19]. 
β-catenin forms a complex with e-cadherin and 
plays an important role in the pr Cess of adhe-
sion between cells. The HGF/c-Met signaling 
pathway can be catalyzed by a series of reac-
tions to catalyze the phosphorylation of 
β-catenin and inhibit the interaction between 
β-catenin and E-calcium so as to reduce the 
adhesion among cells [20]. Additionally, the 
HGF/c-Met signaling pathway can promote deg-
radation of extracellular matrix by inducing 
expression of matrix metalloproteinases and 
urokinase type plasminogen activator gene, 
thereby contributing to tumor metastasis [21]. 
In this study, MACC1 was found to be an impor-
tant regulatory factor of the HGF/c-Met signal-
ing pathway, regulating expression of c-Met. 
Arlt [22] et al. argued that MACC1 and c-Met 
are important markers for colorectal cancer 
metastasis. In addition, other studies suggest-
ed that MACC1 was associated with metastasis 
and recurrence of human malignancies, includ-
ing lung, breast, and liver cancer [7, 8, 11], 

which was consistent with the conclusions of 
this study.

Colorectal cancer is one of the most common 
malignant tumors in the digestive tract in China. 
Currently, the problem is the postoperative 
recurrence of rectal cancer in clinic [2]. Th- 
erefore, it is of great significance to find a high 
predictive value of molecular markers to pre-
dict the prognosis of patients after surgery and 
RFS for patients to take an active treatment 
strategy. 

In conclusion, this study indicates that detec-
tion of MACC1 and MET expression in patients 
with rectal cancer after CRT can provide the ref-
erence value for prognosis. 
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