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Introduction

Colorectal cancer (CRC) is a common gastrointestinal 
malignant tumor that occurs in the colon site and accounts 
for 9% of the total malignant tumors (1). It is a serious 

threat to people’s health and a heavy economic burden for 

the public (2). Although there is no specific reason for the 

occurrence of CRC, studies have shown that many factors 

are closely related to its occurrence, such as the degree of 
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our study aimed to analyze the biological function and expression of this zinc transporter in CRC, along with 
its correlation with disease activity.
Methods: In this study, 118 cases of colorectal carcinoma tissues, 30 normal tissue samples from adjacent 
cancer tissues, and 30 normal intestinal mucosa tissue samples from non-intestinal cancer patients were 
collected in our hospital between February 2014 and February 2015. The expressions of ZIP7 were examined 
immunohistochemically, and the relationship between ZIP7 expression and the clinical pathological features 
of CRC were analyzed. After appropriate surgical treatment, the patients accepted a 5-year follow-up for 
evaluation of their recurrence situation and 5-year survival rate.
Results: Immunohistochemically, out of 80 CRC tissue samples, 67.8% were found to be positive for 
ZIP7, 55% (44 cases) were strong positives, and 45% (36 cases) were weak positives. There was a striking 
coherence between the expression of ZIP7, the depth of lymph node metastasis, CRC invasion, and CRC 
Dukes stage (P<0.05). Subsequent studies indicated that the mortality rate was positively correlated with 
the staining intensity of ZIP7 (P<0.05), and the Cox proportional hazards model confirmed that ZIP7 is an 
independent element of prognostic in patients with CRC (RR =3.896; 95% CI: 1.526–9.951; P=0.004).
Conclusions: The high expression of ZIP 7 in epithelial cells is related to the clinical stage and prognosis 
of CRC and can be utilized as a biomarker to predict the prognosis of CRC patients.
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economic development, lifestyle, gender, and age (3,4). In 
addition, previous history of colon polyps, inflammatory 
bowel disease (such as ulcerative colitis or Crohn’s disease) 
and genetic factors are also associated with the incidence 
of CRC. The development of CRC involves different 
molecules and signaling pathways, which can influence 
each other and interact with further pathways to accelerate 
tumor formation and progression (5).

According to data from the International Agency for 
Research on Cancer (IARC), nearly 1 million new cases of 
colon cancer were expected in 2018, and more than 500,000 
deaths. Moreover, its incidence and mortality rate are 
ranked fifth in China (6). For patients with CRC, surgery 
is undoubtedly the only cure that can be cured. However, 
with the development of radiotherapy, chemotherapy and 
targeted therapy, multidisciplinary treatment (MDT) has 
been able to greatly improve the survival time and quality 
of life of CRC patients. The current NCCN and ASCO 
guidelines both recommend preoperative neoadjuvant 
treatment for patients with T3 and T4 CRC, which 
can help reduce tumors, so as to reduce the difficulty of 
surgery and increase the patient’s anus preservation rate. 
The current intensity-modulated radiotherapy and spiral 
tomography radiotherapy system TOMO, combined with 
the CAPOX program can significantly increase the pCR 
rate of CRC patients. But for patients with liver metastases 
from CRC, the main treatment is liver resection, but more 
than 30% of patients will relapse within one year after 
partial hepatectomy (7-9). The 5-year relative survival rate 
of patients with stage I disease is higher than 90%, while 
the 5-year relative survival rate of patients with stage IV 
disease is only slightly higher than 10% (10). Thus, to 
understand and treat CRC development, the molecular 
mechanism behind its progression needs to be clarified, 
while any biomarkers and prospective therapeutic targets 
require urgent identification.

Zinc is an essential trace element in the human body, 
a component in various metal enzymes, and an enzyme 
activator. It is integral to the development of the body, the 
immune mechanism, and the metabolism of various proteins 
and nucleic acids. The homeostasis of zinc ion metabolism 
acts as an essential part in maintaining the absorption, 
storage, and loss of zinc ions (11). 

Previous studies have revealed that the zinc ion 
transporter family, SLC39A (ZIP) is directly involved in 
the steady state of zinc ions in the cell, it increases the 
intracellular Zn2+ concentration by uptake of extracellular 
Zn2+ or release of Zn2+ in intracellular vesicles. The 

SLC39A transport family exhibits unique tissue-specific 
expression and exhibits specific responses to physiological 
stimuli through hormones and cytokines. The human 
SLC39 gene family has at least 14 members and is divided 
into 4 subfamilies: I, II, GufA, and LIV-1. Subfamily type I 
includes ZIP9; subfamily type II includes ZIP1, ZIP2, ZIP3; 
subfamily GufA type includes ZIP11; subfamily LIV-1 
includes ZIP4-8, ZIP10, and ZIP12-14. ZIP family proteins 
are also related to hormones, and also has an important 
impact on the occurrence and progress of tumors and other 
diseases. Normal concentration of zinc can inhibit the 
activation of nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-KB), heighten the body’s sensitivity 
to TNF-α, and induce an antitumor effect (12). Studies 
have found that ZIP4 expression is elevated in human 
pancreatic cancer and may accelerate pancreatic cancer 
metastasis through tumor progression (13). ZIP6 is located 
on the cytoplasmic membrane, which will lead to increased 
intracellular zinc levels. Currently, ZIP6 has been found to 
be abnormally expressed in digestive system tumors (such 
as esophageal cancer, liver cancer, and pancreatic cancer), 
indicating that the protein may have a critical role in 
tumorigenesis (14). ZIP10 participate in the occurrence and 
metastasis of breast cancer by promoting cell proliferation 
and enhancing metastatic ability (15,16). Furthermore, 
screening of the entire gene expression profile of esophageal 
cancer tissue revealed abnormal expression of 19 genes 
including ZIP5, indicating that ZIP5 may be involved in 
esophageal cancer (17). 

SLC39A7 (ZIP7) is a zinc transporter located on the 
endoplasmic reticulum and the Golgi. In breast cancer 
cells, activated ZIP7 can in turn activate cell growth and 
proliferation-related signaling access, including that of 
MAPK, PI3K, and mTOR (18). It was also notably found 
to be upregulated in a gastric tumor model (19) and is 
considered to play an essential role in the self-renewal of 
epithelial cells (20). ZIP7 is also crucial to the survival and 
proliferation of CRC cells, role, and is thus relevant to the 
development of CRC tumors, Knockdown of ZIP7 will 
greatly reduce the viability and proliferation of colon cancer 
cells. It was also shown that knockdown of ZIP7 interfered 
with cell cycle progression and induced G2/M cell cycle 
arrest and enhanced early and late apoptosis of CRC 
cells. In addition, the down-regulation of ZIP7 promoted 
the cleavage of PARP, enhanced the expression of Bad, 
Caspase-9 and Caspase-3, and inhibited the expression of 
Bcl-2 (21).

Despite this research, the clinical relationship between 



6473Translational Cancer Research, Vol 9, No 10 October 2020

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(10):6471-6478 | http://dx.doi.org/10.21037/tcr-20-2640

ZIP7 and CRC has never been extensively investigated. 
Therefore, this study aimed to explore the relationship 
between ZIP7 expression in CRC tissue and its relationship 
with CRC invasion, metastasis, and clinical staging. To 
further analyze ZIP7’s clinical significance and to initially 
evaluate the relationship between ZIP7 expression 
and clinical efficacy, patients were followed up during 
intervention. It is hoped the information gleaned from 
this study will provide more comprehensive insights into 
the occurrence, development, and prognosis of CRC. 
We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2640).

Methods 

Setting and study design

From February 2014 to February 2015, 118 consecutive 
CRC patients were enrolled in Suzhou Ninth People’s 
Hospital. Among them, 68 were male and 50 were female, 
aged from 26–81, with an average age of (56.3±17.2) years. 
The inclusion criteria were the following: (I) undergoing 
radical CRC surgical treatment; (II) postoperative pathology 
confirmed as primary CRC; (III) receiving postoperative 
radiotherapy and chemotherapy; (IV) complete clinical and 
pathological data; (V) patient signing informed consent. 
Meanwhile, the exclusion criteria were the following: (I) 
relapsed CRC; (II) combined with other types of primary 
malignant tumors; (III) combined with severe blood system 
disease, immune system disease, endocrine system disease, 
cardiovascular disease or cerebrovascular disease, or other 
organ and tissue disease of the liver, kidney, lung etc.; (IV) 
serious complications or death occur within 30 days after 
surgery. This study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki, and has 
been approved by the ethics committee of the Suzhou 
Ninth People’s Hospital (No. 20140013). Written informed 
consent was obtained from the patient.

According to the specific situation of the patient and after 
the corresponding treatment, the patient’s cancer tissue 
section was preserved, and the clinical and pathological data 
(Dukes stage, lymph node metastasis, and invasion depth) 
were recorded in detail for subsequent analysis. In addition, 
30 normal tissue samples from adjacent cancer tissues and 
30 normal intestinal mucosa tissue samples from non-
intestinal cancer patients were collected as controls. The 
specimens of medical examiners who came to our hospital 

for colonoscopy from February 2014 to February 2015 were 
randomly selected as tissue specimens of non-intestinal 
cancer patients. All the included patients participated in 
the follow-up survey after receiving the corresponding 
treatment, 3 of whom were lost to follow-up; 24 patients 
died after 1 year of follow-up, 40 patients died after 3 years 
of follow-up, and 47 died after 5 years of follow-up. Among 
these, 46 died of tumor metastasis and recurrence, and 1 
died of other diseases.

Immunohistochemistry 

All precipitates of tissue samples for immunohistochemical 
determination were fixed with formalin, embedded 
in paraffin, then sectioned, and mounted on charged 
slides. The primary CRC sample was washed (n=118) 
with different concentrations of ethanol (70–100%) and 
xylene to rehydrate the sample. Various antigen recovery 
conditions were tested to determine the best condition for 
pZIP7 staining by cooking the microwave in a buffer of pH 
8 EDTA acid at 950 W for 2 minutes. The determination 
used the mouse monoclonal pZIP7 antibody (MABS1262, 
EMD Millipore, USA) optimized to a 1/8,000 dilution for 
the cell pellets and 1/800 dilution for colon cancer sections. 
The sample was washed with 0.02% phosphate-buffered 
saline (PBS)/Tween, and then the sample was covered with 
0.18% hydrogen peroxide solution to block endogenous 
peroxidase. Next, the sections were blocked with serum-free 
blocking agent (Dako, UK) for 20 minutes.

The pZIP7 antibody was incubated for 1 hour at 
room temperature in a humidity cabinet with the optimal 
dilution of pellet to cells, and the tissue sample was placed 
in a 23 ℃ environment for 12 hours. The slides were 
then washed twice with 0.02% PBS/Tween, detected 
with mouse envision polymer-hpr k4001 (Dako, UK) for 
1 hour, and then washed twice with 0.05% TBS/tween. 
Next, 3’-3’-diaminobenzidine (DAB) chromogen substrate 
solution (Dako, UK) was used to observe the target 
protein.

Use 0.05% methyl green (aqueous solution) for 
counterstaining. Then use the DPX cover glass and observe 
on the Olympus BH-2 microscope. After determining the 
representative assessment area, the ZIP7 immunostaining of 
the sample was assessed by two people, and the sample was 
divided into negative [0], weak [1], and strong staining [2] 
according to the staining intensity category, and the positive 
rate was recorded. The score was calculated according to 
the above calculation method and recorded.
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Judgment of results

Scoring was determined according to the number of 
positive cells and the staining intensity. Five 200-fold 
visual fields were randomly selected for each section to 
be used for counting of the number of positive cells and 
the determination of staining intensity. According to the 
relevant guidelines of the American Society of Clinical 
Oncology (ASCO), the ZIP7 expression intensity is divided 
into 3 levels: (I) scoring standard for staining intensity, 
0 points = no staining, 1 point = light staining (slightly 
stronger than negative control), 2 points = severe staining; 
(II) scoring for the number of positive cells, 1 point ≤30% 
cell staining, 2 points ≥30% cell staining. All specimens 
were jointly diagnosed by two senior pathologists.

Postoperative follow-up

All patients were followed up by telephone or outpatient 
follow-up, with the day of diagnosis as the starting point for 
follow-up, and March 31, 2020 as the deadline for follow-up.

Statistical analysis

Continuous variables are reported as mean with standard 
deviation, and other categorical variables are reported as 

numbers with percentages. Accordingly, the differences of 
continuous variables and categorical variables between two 
groups were analyzed using the χ2 test. Cox proportional 
hazards model was used to analyze the risk factors of overall 
survival in CRC patients. When P<0.05, the difference 
was considered to be significant. Statistical analysis was 
performed using Stata 22.0.

Results

Upregulation of ZIP7 in human CRC

Immunohistochemical staining results showed that colored 
particles were visible in the cell membrane and/or cytoplasm 
of CRC tissues, adjacent tissues, and normal intestinal 
mucosa tissues, indicating that ZIP7 is expressed in CRC 
tissues, adjacent tissues, and normal intestinal mucosa tissues. 
The positive expression rates of ZIP7 in CRC tissues, 
adjacent tissues, and normal intestinal mucosa tissues were 
67.8%, 23.3%, and 10%, respectively, and the differences 
were statistically significant (P<0.05) (Figure 1, Table 1).

Relationship between ZIP7 and the clinical features of 
CRC

The differences of ZIP7 expression between Dukes stage, 

Table 1 ZIP7 protein expression n (%)

Variables Total
ZIP7

χ2 value P value
+ −

Colorectal carcinoma tissue 118 80 (67.8) 38 (32.2) – –

Adjacent cancer tissues 30 7 (23.3) 23 (76.7) 19.513 0.000

Normal intestinal mucosa tissue 30 3 (10) 27 (90) 32.440 0.000

A B C

Figure 1 Expression of ZIP7 in CRC tissues/adjacent tissues/and normal intestinal mucosa tissues: (A) CRC tissue, (B) adjacent tissues, (C) 
normal intestinal mucosa tissues. Scale bars =50 μm. CRC, colorectal cancer. 
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lymph node metastasis, and invasion depth were statistically 
significant (P<0.05), while the differences between gender, 
age, and tumor size were not statistically significant (P>0.05) 
(Table 2).

Relationship between ZIP7 and the prognosis of colon 
cancer

With the mean value of ZIP7 relative expression level as 
the boundary, positive staining for ZIP7 was found in 80 
CRC tissue samples (67.8%), of which 44 (55%) were 
strongly positive and 36 (45%) were weakly positive. As 
of the follow-up deadline, a total of 47 patients died and 
3 patients were lost to follow-up. The follow-up rate 
was 97.46% (115/118). Of the 115 patients included in 
the analysis, 43 had a high expression of ZIP7, 35 had a 
low expression, and 37 had a negative expression. The 

mortality rates of the three groups during the follow-up 
period were 69.8% (30/43), 28.6% (10/35), and 13.5% 
(5/37), respectively. ZIP7 high expression in CRC tissue 
samples was significantly higher than low expression and 
negative expression, while low expression was significantly 
higher than negative expression (P<0.05). Cox multivariate 
analysis showed that the depth of tumor invasion, lymph 
node metastasis, Dukes stage, and ZIP7 were independent 
factors affecting the prognosis of patients (P<0.05) (Figure 2,  
Tables 3 and 4).

Discussion

An important biological characteristic of malignant tumors 
is their extremely strong ability for invasion and migration. 
This ability is not only related to the clinical treatment 
effect and prognosis of patients, but also the main reason 

Table 2 Relationship between ZIP7 protein expression and clinicopathological characteristics of patients with colorectal cancer n (%)

Variables Total
ZIP7

χ2 value P value
+ (n=80) −	 (n=38)

Age 0.662 0.416

<60 81 53 (65.4) 28 (34.6)

≥60 37 27 (73.0) 10 (27.0)

Gender 0.128 0.720

Male 68 47 (69.1) 21 (30.9)

Female 50 33 (66.0) 17 (34.0)

Size of tumor (cm) 0.028 0.866

<5 67 45 (67.2) 22 (32.8)

≥5 51 35 (68.6) 16 (31.4)

Dukes 8.350 0.039

A 14 7 (50.0) 7 (50.0)

B 42 24 (57.1) 18 (42.9)

C 34 28 (82.4) 6 (17.6)

D 28 21 (75.0) 7 (25.0)

Lymph node metastasis 7.554 0.006

Yes 62 49 (79.0) 13 (21.0)

No 56 31 (55.4) 25 (44.6)

Invasion depth 9.408 0.002

T1 + T2 34 16 (47.1) 18 (52.9)

T3 + T4 84 64 (76.2) 20 (23.8)
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for patients’ postoperative recurrence and survival rate 
decline. CRC is one of the most common malignant tumors 
throughout world, and its poor survival rate is mainly 
due to the late diagnosis of this aggressive disease and 
the limited effectiveness of currently available treatment 
strategies (22,23). Therefore, understanding the molecular 
mechanism of CRC comprehensively can help realize the 
early diagnosis and treatment of CRC, which in turn may 
improve the 5-year survival rate of CRC after surgery.

SLC39A7 can secrete zinc from the endoplasmic 
reticulum and Golgi apparatus to the cytoplasm, increase the 
concentration of zinc ions in the cytoplasm, and redistribute 
zinc from the intracellular compartment to the cytoplasm 
through ZIP7, which can cause the activation of growth 
factor receptors and zinc-induced phosphatase. Inhibition, 

thereby preventing the dephosphorylation of tyrosine 
kinase receptors, which are often abnormally expressed and 
activated in cancer (24). ZIP7 and zinc were found to be 
increased in tamoxifen-resistant breast cancer MCF-7 cells, 
which exhibit an invasive and aggressive phenotype through 
zinc-induced activation of EGFR, IGF-1R receptor tyrosine 
kinase, and non-receptor tyrosine Src kinase (25). ZIP7 has 
been proven to have multiple stimulatory functions that 
can trigger apoptotic cell death. In higher eukaryotes, there 
are two main types of apoptosis pathways, namely death-
receptor pathway and the mitochondrial pathway (26). In 
breast cancer cells, activated ZIP7 can activate cell growth 
and proliferation-related signaling access, such as MAPK, 
PI3K, and mTOR signaling access (18).

This study examined the expression of ZIP7 in CRC 
through a comparative study of 118 pathological specimens 
of CRC patients, 30 precancerous tissue specimens, and 30 
normal bowel mucosa tissue specimens of non-intestinal 
cancer patients. The results of staining indicated that the 
expression of ZIP7 in the pathological tissues of the CRC 
patients was higher than that of adjacent tissues and normal 
intestinal mucosa tissues, which is consistent with the 
results of Ohashi et al. (20), further confirming that ZIP7 is 
highly expressed in tumors and is closely relevant to tumor 
development. These findings cement the assumption that 
the expression of ZIP7 is closely related to the occurrence 
of tumors. Statistical analysis of the clinical and pathological 
data of the patients indicated that the expression of ZIP7 
was relevant to the Dukes stage of CRC. In addition, this 
study also analyzed the relationship between the patients’ 
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Figure 2 Relationship between ZIP7 and the prognosis of color 
cancer.

Table 3 Multifactor analysis of prognostic factors of colorectal cancer (CRC) patients (Cox proportional hazards model)

Variables B SE P RR value 95%CI

Dukes 1.105 0.196 0.026 3.019 2.056–4.433

Lymph node metastasis 2.283 0.480 0.031 9.806 3.831–25.098

Invasion depth 1.016 0.412 0.014 2.761 1.232–6.189

ZIP7 1.360 0.478 0.004 3.896 1.526–9.951

Table 4 Relationship between postoperative recurrence of colorectal cancer and expression level of ZIP7 n (%)

Recurrence Total
ZIP7

χ2 value P value
+ −

Yes 45 40 (88.9) 5 (11.1) 15.021 0.000

No 70 38 (54.3) 32 (45.7)
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5-year survival and postoperative recurrence and ZIP7. The 
results showed that the recurrence rate of the patients in 
the ZIP7-positive expression group was relatively higher 
than that in the negative one, and the 5-year postoperative 
survival time was significantly shortened, which was not 
conducive to the prognosis of patients. The expression of 
ZIP7 thus has important reference significance for judging 
the pathological process and stage of CRC and has potential 
as a new molecular marker to measure the pathological 
process and metastasis of CRC.

In conclusion, ZIP7 is highly expressed in CRC tissues, 
and is closely relevant to cancer progression, metastasis, and 
prognosis of patients. Therefore, the individual monitoring 
of ZIP7 in CRC may be critical to understanding the 
biological characteristics of tumors and ascertaining 
individual prognosis.
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