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Objective: Various studies have shown an association between the anti-cancer drug 5-fluorouracil and matrix metalloproteinase 7 
(MMP7). The expression of MMP7 in the serum of colorectal cancer patients, as well as their sensitivity to chemotherapy, were 
examined using the FOLFOX4 chemotherapy treatment.
Methods: Serum samples were taken from 216 colorectal cancer patients who had undergone four cycles of gemcitabine and cisplatin 
treatment. The sera of 216 healthy persons were used as controls. MMP7 levels in the serum were measured by ELISA. Demographic 
and survival data were collected.
Results: MMP7 levels were not associated with sex, age, peritoneal dissemination, liver metastasis, lymph node metastasis, lymphatic 
invasion, or venous invasion in CRC patients, but were associated with histological grade, tumor size, TNM stage, and depth of tumor 
invasion. Patients’ serum MMP7 expression reduced after treatment. MMP7 expression was significantly lower chemotherapy- 
sensitive patients compared with chemotherapy-resistant patients. Elevated MMP7 expression was associated with worse prognosis 
and chemotherapy-sensitive patients had markedly better overall survival compared with chemotherapy-resistant patients.
Conclusion: MMP7 expression was potentially associated with the development of colorectal cancer and elevated levels were 
associated with chemoresistance in CRC patients. Serum MMP7 levels can be used to screen for drug resistance during FOLFOX4 
chemotherapy treatment.
Keywords: MMP7, colorectal cancer, FOLFOX4 chemotherapy, chemotherapy-resistant

Introduction
Colorectal cancer (CRC) has a high recurrence rate as well as the third-highest morbidity and mortality rate of all 
neoplasms.1–3 Many people with CRC can be successfully treated with surgery during the initial stages of the disease, but 
those with locally advanced cancer and distant metastases will require post-surgery chemotherapy. In patients with 
locally advanced CRC, 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX4) chemotherapy is currently one of the most 
often utilized treatments.4 Chemotherapy, however, has significant side effects in people with chemoresistant 
malignancies.5 A minimally invasive biomarker that can predict the treatment response as soon as possible is required. 
Imaging modalities such as CT,6 and tumor markers, for instance, CEA7 and CA19-98 can be used to track the 
therapeutic effects of chemotherapy in the clinic. However, CT examinations cannot be conducted frequently due to 
the inherent radiation risk and, as monitoring biomarkers, CEA and CA19-9 have low sensitivity. Unfortunately, there is 
no method for predicting chemotherapeutic response. Thus, there is a pressing need to identify effective biomarkers that 
can predict whether or not a patient will respond to chemotherapy.

Matrix metalloproteinases (MMPs) belong to the family of zinc-dependent proteolytic enzymes that hydrolyze 
various components of the extracellular matrix constituents and may thus play a role in the regulation of tumor invasion. 
MMP7 was discovered to be elevated in several malignancies and has been recognized as an oncogene, promoting the 
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incidence and growth of tumors, including hepatocellular carcinoma,9 gastric cancer,10 and colorectal cancer.11 MMP7 
expression has also been found to be markedly higher in CRC patients11–14 and recent studies suggest that it may have an 
essential function in the development of chemotherapy resistance in several cancers, for instance, cross-talk between 
MMP7 and the FAS/FASL system has been observed during the acquisition of chemoresistance to oxaliplatin.15 There is 
also an association between MMP7 and heat shock protein 90 (HSP90) in acquired drug resistance and tumor 
metastasis.16

The present study investigated the expression of MMP7 in CRC patients receiving FOLFOX4 chemotherapy as well 
as the association between MMP7 expression and survival and chemotherapy resistance in these patients.

Materials and Methods
Subjects and Specimen Collection
Blood samples were collected from patients with pathologically confirmed CRC who volunteered for the study. The 
study, including the collection of specimens, retrieval of data, and subsequent patient follow-up, was approved by the 
Ethics Committee of Shuyang People’s Hospital (No. sy20210601008). The research strategy was formulated in 
accordance with the Declaration of Helsinki and STROBE Statement. All patients (or their legal representatives) 
provided written informed consent. A total of 216 blood samples were collected from healthy study participants.

Inclusion and Exclusion Criteria
The entire medical case histories of the CRC patients were collected retrospectively. CRC was diagnosed histologically 
and/or cytologically in all the patients. All enrolled patients were over the age of 18. The patients received only 
FOLFOX4 (85mg/m2 oxaliplatin, 200mg/m2 leucovorin and 5-fluorouracil via a 400mg/m2 bolus and a 22 hours 
continuous infusion of 600 mg/m2 5-fluorouracil on days 1–2) chemotherapy (except for surgery resection) without 
additional treatments such as chemotherapy, radiation, targeted therapy, or traditional Chinese medicine. Non-primary 
CRC patients, patients without cytology or histology results, patients with poor follow-up compliance, and patients with 
missing data were also excluded.

Serum MMP7 Measurement
A sensitive sandwich enzyme-linked immunosorbent assay (ELISA; R&D Systems, Australia) was used for measuring 
MMP7 levels in the blood. Sera were diluted 1:5 in the diluents provided by the manufacturer. All samples were assayed 
in duplicate. In one and two samples, the MMP7 levels were over or below the detection limit, respectively. Minimum 
and maximum detectable values were used to estimate MMP7 levels in these samples.

Follow-Up
Follow-ups were conducted on the telephone to obtain information about the living situations of the patients. The 
patients’ survival times were measured from the date of diagnosis to the date of death or last follow-up.

Measures of success: Four weeks following treatment, CRC patients were separated into two groups, namely, the 
chemotherapy-resistant and chemotherapy-sensitive groups, in accordance with the Response Evaluation Criteria in Solid 
Tumors (RECIST). Outcomes in the chemotherapy-sensitive group were defined as complete response (CR) or partial 
response (PR), while the outcomes in the chemotherapy-resistant group were classified as stable disease (SD) or 
progressive disease (PD), according to the following criteria: CR, disappearance of lesions over > 4 weeks; PR, 
a decrease of >30% in the maximum diameter of the tumor > 4 weeks; SD, a decrease of <30% in the maximum 
diameter of the tumor or an increase ≤ 20%; PD, the maximum diameter of the tumor increased > 20%, or new lesions 
were found.

Statistical Analysis
GraphPad Prism 7 and SPSS 19.0 statistical tools were used to create an analytical database. For comparisons between CRC 
patients and healthy volunteers, as well as between subgroups of patients prior to and following treatment, the Chi-squared 
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test was used. The median survival time was calculated, and survival curves were compiled using the Kaplan-Meier 
method. The Log rank test was used to compare the survival rates of various parameters. A Cox proportional hazards model 
was used for survival prediction. Two-sided tests were used for all experiments. Statistical significance was defined as 
P < 0.05.

Results
Demographics of Study Participants
A total of 216 CRC patients with comprehensive medical histories were enlisted. Of these, 110 were men and 106 were 
women with 99 patients over 60 years old and 117 patients under 60 years old. There were no significant differences in 
terms of age, sex, or other demographic data between the patient and control groups (Table 1).

Relative MMP7 Expression Before FOLFOX4 Chemotherapy
The analysis showed that MMP7 levels were not associated with sex, age, peritoneal dissemination, liver metastasis, 
lymph node metastasis, lymphatic invasion, or venous invasion in CRC patients, but were associated with histological 
grade, tumor size, TNM stage, and depth of tumor invasion (Table 2).

Survival of CRC Patients with High and Low MMP7 Expression
To assess the survival of the CRC patients in relation to MMP7 expression, the patients were allocated to two groups 
according to the median value of MMP7 expression, namely, a high MMP7-expression group and a low MMP7-expression 
group. Kaplan-Meier curves showed that patient survival in the high MMP7-expression group was significantly lower than 
that of patients in the low-expression group (Figure 1A). It was observed that MMP7 expression in CRC patients declined 
significantly after four cycles of FOLFOX4 treatment (Figure 1B). Patients were also divided into two subgroups according 
to their response to FOLFOX4 treatment based on the Response Evaluation Criteria in Solid Tumors (RECIST): 
chemotherapy-sensitive (CR+PR, n=102) and chemotherapy-resistant (SD+PD, n=114). Before FOLFOX4 chemotherapy, 
there was no statistical difference between the chemotherapy-resistant and chemotherapy-sensitive groups in terms of 
average MMP7 expression. After FOLFOX4 chemotherapy, MMP7 expression dropped considerably in each group in 
comparison with the levels before treatment, although patients in the chemotherapy-sensitive group showed a greater 

Table 1 Demographic Data of CRC Patients and Healthy Controls

Item CRC Patients Volunteer p

Number 216 216

Age 0.352

>60 99 95

≤60 117 121

Gender 0.245

Male 110 103

Female 106 113

Hyperlipidemia patients 15 13 0.938

Alcohol user 11 9 0.865

Hypertension patients 9 10 0.915

CHD patients 8 9 0.284

Diabetic 5 6 0.459

Abbreviations: CRC, colorectal cancer; CHD, coronary heart disease.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S416363                                                                                                                                                                                                                       

DovePress                                                                                                                       
2673

Dovepress                                                                                                                                                            Zhou et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Relationship Between Clinical Features and MMP7 Expression

Factors Serum MMP7 p

Low Expression (108) High Expression (108)

Number % Number %

Age 0.645

>60 55 50.9 54 50

≤60 53 49.1 54 50

Gender 0.594

Male 51 47.2 59 54.6

Female 57 52.8 49 45.4

Histological grade 0.012

Well 76 70.4 25 23.1

Moderately, poorly 32 29.6 83 76.9

Tumor size 0.009

<20 mm (small) 74 68.5 21 19.4

>21 mm (large) 34 31.5 87 80.6

TNM stages 0.027

I+II 81 75 34 31.5

III+IV 27 25 74 68.5

Depth of tumor invasion 0.019

ma, sm, mp, ss 69 63.9 36 33.3

se, si 39 36.1 72 66.7

Lymph node metastasis 0.357

Absent 60 55.6 53 49.1

Present 48 44.4 55 50.9

Lymphatic invasion 0.254

Absent 57 52.8 44 40.7

Present 51 47.2 64 59.3

Venous invasion 0.219

Absent 72 66.7 71 65.7

Present 36 33.3 37 34.3

Liver metastasis 0.309

Absent 81 75 73 67.6

Present 27 25 35 32.4

(Continued)
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decline in MMP7 levels compared with those in the chemotherapy-resistant group. Patient survival was also observed to be 
higher in the chemotherapy-sensitive group compared with the chemotherapy-resistant group (Figure 1C). Additionally, to 
evaluate the diagnosability of MMP7 in the diagnosis of chemotherapy resistant CRC, we used Receiver operating 
characteristic (ROC) curve analysis. The results showed MMP7 Area was 0.9643 (95% confidence interval 0.9365 to 
0.9921) among CRC patients, indicating that it may be a powerful potential indicator for the diagnosis of chemotherapy 
resistant CRC after FOLFOX4 treatment (Figure 2).

Cox Proportional Hazards Analysis
The risk factors for CRC were then investigated in the patients. The relative expression of MMP7, tumor size, TNM 
stage, and depth of tumor invasion were all found to be risk factors for reduced survival in CRC patients (Table 3) while 
age, sex, and lymph node metastases were not found to be risk factors.

Table 2 (Continued). 

Factors Serum MMP7 p

Low Expression (108) High Expression (108)

Number % Number %

Peritoneal dissemination 0.346

Absent 92 85.2 97 89.8

Present 16 14.8 11 10.2

Notes: aTumor invasion of mucosa (m), submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of 
serosa (se), and invasion of adjacent structures (si).

Figure 1 Survival of CRC patients with high and low MMP7 expression. (A) The survival time of CRC patients with high MMP7 expression was significantly shorter than 
that of patients with low MMP7 expression. Comparison of MMP7 expression (B) and patients’ survival according to their response to chemotherapy (sensitive or resistant) 
(C) *P<0.05.
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Discussion
CRC is associated with high levels of mortality and a tendency to recurrence despite treatment. Aberrant expression of 
certain genes is linked to a variety of malignancies. For example, it is documented that many microRNAs are involved in 
the onset and progression of cancers, and their abnormal expression is associated with resistance to chemotherapy. 
Gremlin 1 from cancer-associated fibroblasts also increases breast cancer growth.17 The growth of human CRC-derived 
cells is enhanced through abnormal IL-6/JAK2/STAT3 signaling18 via an IL-33-TGF-associated signaling loop.19 Studies 
have also shown that certain genes are expressed in the peripheral blood of individuals with various malignancies.20,21 

These features suggest that the expression of specific genes in the serum or plasma can be used as tumor indicators and 
many such genes have been identified as cancer biomarkers.

MMP7 expression is dysregulated in several cancer types. Previous studies have demonstrated aberrant expression of 
MMP7 in breast cancer,22 liver cancer,23 and gastric cancer,24 amongst others. Additionally, MMP7 acts as a potential 
biomarker of colon cancer and its prognostic value.25,26 The present study also showed that MMP levels were also 
significantly elevated in patients with CRC, where they were found to be linked to the clinical stage of the patients. 
MMP7 expression was also significantly associated with patient prognosis, suggesting that the gene plays a role in CRC 
development and progression.

Chemotherapy is a common treatment option for advanced CRC patients. The long-term success of chemotherapy is, 
however, limited by drug resistance. The most frequently used chemotherapy for CRC is FOLFOX4 which has been 

Table 3 Logistic Regression Analysis of Factors Affecting the Overall Survival of CRC Patients

Item B S.E. Wals Sig. Exp (B) 95% CI of EXP (B)

Age 0.616 0.428 2.319 0.146 1.830 0.935 2.360

Gender 0.237 0.256 1.829 0.379 1.125 0.629 1.904

High MMP7 3.67 0.75 29.06 0.000 18.67 5.234 47.23

Tumor size >21 mm −1.675 0.648 8.279 0.006 0.351 0.034 0.783

TNM stages III+IV −1.782 0.528 7.369 0.004 0.562 0.024 0.827

Depth of tumor invasion 0.135 0.519 9.148 0.016 1.005 0.318 4.038

Lymph node metastasis −0.324 0.539 0.419 0.429 0.739 0.183 2.185

Constant −0.217 1.482 0.03 0.918 0.811 - -

Figure 2 Serum MMP7 levels acts as predictors of chemotherapy resistant CRC after FOLFOX4 treatment.
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shown to have a positive therapeutic effect and is safe, has low toxicity, and is well tolerated. MMP7 has been reported to 
cause T-DM1 resistance and poor prognosis in gastric cancer via a DKK1-dependent mechanism.27 The HSP90 
chaperone is also linked to acquired drug resistance and tumor metastasis in association with MMP7.16 The present 
results showed that MMP7 levels were higher in FOLFOX4 chemotherapy-resistant CRC patients than in FOLFOX4 
chemotherapy-sensitive patients. This suggests that MMP7 may play a crucial role in the FOLFOX4 chemotherapy- 
resistance process; however, due to the small sample size, we were unable to investigate the precise part played by 
MMP7 in the development of resistance to FOLFOX4 in CRC patients. Further research into the function of MMP7 in 
FOLFOX4 resistance in CRC is needed. MMP7 expression in the serum of CRC patients may have clinical relevance in 
the diagnosis of the disease, although the use of biomarkers is generally insufficiently specific. The accuracy of diagnosis 
can be improved by using several biomarkers, such as miRNA levels and other types of tumor indicators, together with 
the construction of gene profiles. Detailed investigation into the use of serum proteins in cancer diagnosis and treatment 
is likely to yield productive results.

In conclusion, this MMP7 expression can be reduced by FOLFOX4 chemotherapy. The significant upregulation of 
MMP7 expression in chemotherapy-resistant patients may provide a reference and foundation for further investigation 
into chemotherapy resistance and the adjustment of FOLFOX4 chemotherapy during treatment.
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