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Background: It has been reported that serum Zinc (Zn) and tissue ZRT, IRT-like protein 4 (ZIP4) are
involved in the oncogenesis of several cancers. However, the relationship between them and the prognosis of
colon cancer is unclear.

Methods: This was a prospective study including 116 patients with stages I-III colon cancer. The level of
serum Zn was measured using a flame atomic absorption spectrometer. The expressions of ZIP4 in cancer
tissues were measured using western blot and normal colon tissues from healthy volunteers were used as
a control. The primary outcome was 2-year survival and secondary outcomes included the incidences of
locoregional recurrence and distant metastasis.

Results: The average level of serum Zn in participants was 856.0£322.5 pg/L. Kaplan-Meier survival
curves showed that patients with Zn <856.0 pg/L had a significantly higher incidence of distant metastasis
(P=0.02) and a significantly lower survival rate than those with Zn >856.0 pg/L (P=0.005). Multivariate
logistic regression analysis also confirmed that having level Zn <856.0 pg/L was risk factor for the two
outcomes. The expression of ZIP4 in cancer tissues was greatly increased as compared with the healthy
control, with an average fold change of 2.4. The level of serum Zn was found to be positively correlated with
the expression of ZIP4 in tissue. Multivariate logistic regression analysis indicated that increased expression
of tissue ZIP4 was an important risk factor for locoregional recurrence (P=0.032), distant metastasis (P=0.039),
and overall survival (P=0.035).

Conclusions: Both lower levels of serum Zn and increased expression of ZIP4 in tissue are associated with

a poorer prognosis of patients with stages I-III colon cancer.
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Introduction intervention is the most effective treatment for stages

I-IIT colon cancer to date. However, the recurrence and

Colon cancer has become one of the most important metastasis of the colon cancer after surgery significantly

cancers throughout the world in recent years. In 2018, affects patient prognosis (2). Considering the high
1,096,601 new cases of colon cancer were reported in 185 incidence and high mortality rate of colon cancer,
countries, among whom 551,269 patients died (1). Surgical numerous studies have been performed to determine
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the risk factors for the prognosis for colon cancer after
surgery. Major risk factors have been found including poorly
differentiated colon cancer (3), large tumor size (4), low tumor
purity (5), specific histological subtype (6), distant
metastasis (7), age (8), and resistance to chemoradiotherapy (9).
These risk factors have provided guidance for the treatment
and directions for the research of colon cancer.

Recently, trace elements have drawn the increasing
attention of cancer researchers. As we know, trace elements
include plenty of fundamental micronutrients and are
involved in many crucial biological activities, such as
cell proliferation, oxidative stress, and the inflammatory
response (10). Zinc (Zn), as a minor trace element in body,
plays a crucial role in oxidative stress, DNA repair, cell
differentiation, and protein synthesis (11). Moreover, Zn
may participate in the regulation of tumor proliferation
and microenvironment formation. Several studies have
identified that a low level of serum Zn may be related
to the incidence of endometrial cancer (11), prostate
cancer (12), liver cancer (13), invasive urothelial bladder
cancer (14), and lung cancer (15). A study from Iran
demonstrated a significant decrease in the concentration of
serum Zn in colorectal patients compared with the control
group (16). Yet, the relationship between the level of serum Zn
and the prognosis of patients with colon cancer is not clear.

The balance of intracellular Zn is controlled by two
metal-transporter families, Zn transporter (ZnT) proteins
and ZRT, IRT-like proteins (ZIP) (17). ZnT proteins
promote the efflux of Zn from cells to reduce the level of
intracellular Zn, while ZIP promote the uptake of Zn from
outside the cell, which increases the level of intracellular
Zn. There are several types of ZIP found in the body, from
ZIP1 to ZIP14. Among all these ZIP, ZIP4 was found to
be related to the proliferation, invasion, and metastasis of
some cancers, including liver (18) and pancreatic cancer (19).
Nevertheless, the question of whether ZIP4 plays the same
role in colon cancer had not yet been answered.

"This study was performed to prospectively investigate the
roles of serum Zn and tissue ZIP4 in the prognosis of patients
with stages I-III colon cancer. We present the following
article in accordance with the REMARK reporting checklist
(available at http://dx.doi.org/10.21037/tcr-20-2571).

Methods
Patient selection

Patients with stages I-III colon cancer admitted to the
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Affiliated Nanjing Jiangbei Hospital of Nantong University
and the Affiliated Hospital of Nantong University between
March 2016 and June 2017 were included in this study. The
study was approved by the ethics committee of the Affiliated
Nanjing Jiangbei Hospital of Nantong University and the
Affiliated Hospital of Nantong University Hospital. Informed
consent was signed by patients or their legal representatives
before inclusion in this study. This study was performed in
compliance with the ethical principles of the Declaration of
Helsinki (as revised in 2013). The following exclusion criteria
were used: patients <18 or >80 years old; those that were
pregnant; patients with distant metastasis of colon cancer;
serious organ dysfunction or failure; signs of bowel perforation
or obstruction requiring emergency surgery; patients having
undergone surgical procedures in the past three months;
patients who had not received endoscopic biopsy.

Data collection

Baseline characteristics were collected at the first admission
of patients to hospital, including age, gender, body mass
index (BMI), primary site of tumor, number of tumors,
American joint committee on cancer (AJCC) stage, T stage,
N stage, histologic grade, and the level of carcinoembryonic
antigen (CEA). The primary site of tumor was defined as
the proximal colon or distal colon. Histologic grade was
defined as well differentiated, moderately differentiated,
or poorly differentiated. The level of CEA was defined
as positive or negative. An extra 2 mL blood sample was
collected by skilled operators for the measurement of serum
Zn. Cancer tissues were obtained through endoscopic
biopsy for the measurement of ZIP4.

Measurement of serum Zn

Blood samples of patients were collected upon inclusion
in our study. A 2 mL blood sample was centrifuged at
800 g for 10 min to extract serum, which was then stored at
-80 °C. The level of serum Zn was measured using a flame
atomic absorption spectrometer [PerkinElmer AAnalyst
300 (PerkinElmer, Waltham, MA, USA)], as previously
reported (16). The wavelength for Zn was 213.9 nm. The
intra-assay coefficients of variance for the measurement of
serum Zn were 6.6% in this study.

ZIP4 measurement

Participant colon cancer tissues were obtained through
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endoscopic biopsy and normal colon tissues were obtained
from five volunteers. The expressions of ZIP4 in the
sampled tissues were measured by western blot. Briefly,
tissues were lysed to obtain protein lysates, from these
20 micrograms of protein was electrophoresed on 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gels. Then it was transferred to PVDF
membranes, which were blocked by 5% bovine serum
albumin overnight at 4 °C. Next, the protein was incubated
with primary antibodies of anti-ZIP4 for 1 h at room
temperature. After being washed 3 times, the membrane was
incubated with horseradish peroxidase-conjugated rabbit anti-
goat IgG for 1 h at room temperature. The band intensity
was analyzed using Image-pro plus analysis software (Media
Cybernetics, Inc. Rockville, MD, USA) and the intensity

value was converted into fold change for comparison.

Outcomes

All participants were followed up for 2 years until the
end of June 2019. The primary outcome in this study was
2-year survival for patients and the secondary outcomes
included the incidences of locoregional recurrence and
distant metastasis. We divided all patients into two groups
based on the level of serum Zn and the expression of ZIP4,
respectively. The survival of patients and the incidences
of locoregional recurrence and distant metastasis of colon
cancer were compared between the two groups in order to
determine the effects of serum Zn and ZIP4 on the patient
prognosis.

Statistical analysis

All data analysis in this study was performed by SPSS 22.0
statistical software. The age and BMI of patients were
reported as continuous variables, shown as means with
standard deviations. Other variables were reported as
categorical variables, shown as numbers with percentages.
Comparisons for continuous variables and categorical
variables between the two groups were performed using
the student’s z-test and the Chi-square ()) test, respectively.
Linear regression analysis was used to reveal the relationship
between the level of serum Zn and the expression of tissue
ZIP4. Multivariate logistic regression analysis was used to
measure the risk factors of the outcomes. The survival of
patients and the incidences of recurrence and metastasis of
colon cancer during follow up were reported by Kaplan-
Meier survival curves. The difference between the two

© Translational Cancer Research. All rights reserved.

5587

groups was measured by log-rank test. The significance
level in this study was set as 0.05, and P<0.05 indicated a
significant difference.

Results
Clinical data of enrolled patients

Overall, 116 patients diagnosed with stages I-1II colon
cancer were included in this study, based on the inclusion
and exclusion criteria. All patients had received surgical
resection treatment. Baseline characteristics of all included
patients are shown in 7able 1. There were 70 male patients
and 46 female patients included in this study. Their average
age was 64.4+7.8 years old and average BMI was 22.9+5.0.
The tumor site of 63 patients was the proximal colon and
the other 53 patients suffered from distal colon cancer.
Most [106] patients in this study had a single tumor.
Considering that the present study contained patients
with stages I-III, we further listed the details of the AJCC
Table 1. As it is shown, the majority of patients suffered
stage 11 (48 patients, 41.4%) and stage III (50 patients,
43.1%) colon cancer. There were 10, 25, 55, and 26
patients who suffered colon cancer at T1, T2, T3, and T4
stage, respectively. Moreover, 66, 24, and 26 patients were
diagnosed with colon cancer at the NO, N1, and N2 stage,
respectively. Regarding the histologic grade, tumors were
well differentiated in 28 patients, moderately differentiated
in 54 patients, and poorly differentiated in 34 patients.
We measured the level of serum CEA and it was found to
be positive in 73 patients (62.9%). The level of serum Zn
was the focus of our research, and we found the average
level in this study to be 856.0+322.5 pg/L. The expressions
of ZIP4 in the cancer tissues were measured by western
blot, using ZIP4 expressions in healthy colon tissues as a
point of reference. The expressions of ZIP4 in some of the
patients and healthy volunteers are shown in Figure 1. Most
patients with colon cancer had an increased expression of
Z1IP4, with an average fold change of 2.4x1.1, as compared
to the healthy control group. Each patient was followed
up for a minimum of 2 years. During the follow up period,
13 patients were diagnosed with locoregional recurrence,
21 patients were diagnosed with distant metastases, and 20
patients had died within the 2 years (not shown).

Zn level was related to the incidence of distant metastasis

We divided all patients into two groups based on whether
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Table 1 Baseline characteristics of patients included in the study

Variables Total
Number 116
Gender, n (%)

Male 70 (60.3)

Female 46 (39.7)
Age 64.4+7.8
BMI 22.9+5.0
Tumor site, n (%)

Proximal colon 63 (54.3)

Distal colon 53 (45.7)
Tumor number

Single 106 (91.4)

Multiple 10 (8.6)
AJCC stage, n (%)

| stage 18 (15.5)

Il stage 48 (41.4)

Il stage 50 (43.1)
T stage, n (%)

T1 10 (8.6)

T2 25 (21.6)

T3 55 (47.4)

T4 26 (22.4)
N stage, n (%)

NO 66 (56.9)

N1 24 (20.7)

N2 26 (22.4)
Histologic stage, n (%)

Well differentiated 28 (24.1)

Moderately differentiated 54 (46.6)

Poorly differentiated 34 (29.3)
CEA, n (%)

Positive 73 (62.9)

Negative 43 (37.1)
Level of serum Zn, pg/L 856.0+322.5
Fold change of ZIP4 2.4+1.1

BMI, body mass index; AJCC, American joint committee on
cancer; CEA, carcinoembryonic antigen.
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or not the level of serum Zn was >856.0 pg/L (Tuble 2).
Consequently, 63 patients were divided into the group of
Zn 2856.0 pg/L and 53 patients were divided into the group
of Zn <856.0 pg/L. We compared baseline characteristics
between the two groups and found no significant difference
between them. As expected, the level of serum Zn was
found to be positively correlated with the expression
of tissue ZIP4, according to linear regression analysis
(1able 3). We used Kaplan-Meier survival curves to compare
the incidence of locoregional recurrence, distant metastasis,
and the survival rates of patients between the two groups
as shown in Figure 2. The results showed that patients
in the Zn <856.0 pg/L group had a significantly higher
incidence of distant metastasis (P=0.02) and a significantly
lower survival rate than those in the Zn 2856.0 pg/L
group (P=0.005). However, the level of serum Zn was
shown to have had no significant effect on the incidence of
locoregional recurrence.

ZIP4 expression significantly affected the prognosis of
patients

We continued by dividing all patients into two groups based
on whether or not fold change of ZIP4 expression was >2.4.
Baseline characteristics were compared between the two
groups as shown in Table 2. We found that more patients
in the ZIP4 >2.4 folds change group were diagnosed to
be at stage III (P=0.001) and more patients in the ZIP4
<2.4 folds change group were diagnosed as at NO stage
(P=0.001). Similarly, Kaplan-Meier survival curves were
used to compare the incidence of locoregional recurrence
and distant metastasis, and the survival of patients
between the two groups, as shown in Figure 3. The results
indicated that the repression of ZIP4 in cancer tissues was
dramatically related to the prognosis of patients with colon
cancer. Patients in the ZIP4 >2.4 folds change group had
a significantly higher incidence of locoregional recurrence
(P=0.01) and distant metastasis (P=0.01), and a significantly
lower survival rate than those in the ZIP4 <2.4 folds change
group (P=0.002).

risk factors of three outcomes

Lastly, we measured the risk factors of the three outcomes
using multivariate logistic regression analysis as shown in
Table 4. It was found that T stage, N stage, and histologic
grade were significant risk factors for all three outcomes.

Age, Zn <856.0 pg/L, and ZIP4 >2.4 folds change all acted
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Figure 1 Representative figure for the expressions of tissue ZIP4 in healthy volunteers and patients with stages I-I1I colon cancer. GAPDH

was used as the loading control.

as crucial risk factors for distant metastasis and overall
survival in this study. Additionally, a reading of ZIP4 >2.4
folds change was found to increase the risk of locoregional
recurrence.

Discussion

Trace elements play an important role in the human body,
these include iron, iodine, and selenium. In our study,
we identified that the level of serum Zn was decreased in
patients with colon cancer, and that it was associated with
the prognosis of patients with stages I-III colon cancer. As
a crucial regulator of Zn in body, the expression of ZIP4 in
cancer tissues was also found to affect the patients’ survival
rate. "To the best of our knowledge, this was the first study
to investigate the effect that ZIP4 has on the prognosis
of colon cancer. The results derived from this study are
promising in terms of deepening of our knowledge of
oncogenesis and providing assistance in the future treatment
of colon cancer.

Several studies have identified that low levels of serum
Zn are a risk factor for many kinds of cancer (11,13-15,20),
including colon cancer (16). Our study further identified
that the low level of serum Zn is risk factor of the prognosis
of colon cancer. Zinc is necessary for DNA synthesis and
cell proliferation, and is an essential part of transcription
factors and regulatory enzymes (11). The proliferation
of cancer cells is also dependent on increased level of
intracellular Zn. In our study, the increased expression of
tissue ZIP4 was positively correlated with reduced levels of
serum Zn, which confirmed that cancer cells had a strong
demand for Zn from the outer microenvironment. Jouybari
et al. performed a meta-analysis and also found that the
level of Zn was elevated in breast cancer tissues (21). Our
study showed that raised levels of serum Zn may enhance
the ability of colon cancer to metastasize and lead to patient
death as shown in our study.

However, the mechanism how Zn affects cell
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proliferation and metastasis is not so clear. Some evidence
has shown that hypoxia-inducible factor 1 (HIF-1) and
vascular endothelial growth factor (VEGF) may be in
the downstream pathway of Zn. It has been reported that
Zn could reduce the expression of HIF-1 and prevent
the activation of VEGF in prostate cancer cell lines (22).
However, Zn was reported by another study to raise the
expression of HIF-1 in the same cell lines (23). The contrast
in these findings may be explained by the difference in
concentration of Zn used in the two studies. Chen et 4l
revealed a U-shaped relationship between serum Zn and
the incidence of oral cancer, which meant both excess and
deficiency of serum Zn had significant correlation with
the risk of oral cancer (24). It is likely that a raised level of
intracellular Zn may activate HIF-1 in colon cancer cells.
The activation of HIF-1 in the tumor microenvironment
triggers the expression of VEGF and hepatocyte growth
factor (HGF) to induce the degradation of the extracellular
matrix, and be further involved in the epithelial-mesenchymal
transition (EMT) of cancer cells (25). Additionally, HIF-
1 could induce the metastasis of cancer cells through the
activation of membrane protein CD24 (26). Most of the
previous studies to date have focused on researching the
relationship between Zn and oncogenesis in prostate cancer
and breast cancer. It is imperative that future research is
conducted to discover the mechanism how Zn affects the
oncogenesis of colon cancer.

We found that ZIP4 is essential for zinc uptake in normal
cells, and also plays a crucial role in the progression of colon
cancer, which was similar to the findings of previous studies.
Gartmann et al. reported that the expression of ZIP4 was
significantly higher in hepatocellular carcinoma tissue than
in the adjacent normal liver tissue (27). The expression of
ZIP4 in tumor tissue was shown to be negatively correlated
with survival time (27). Additionally, Xu et /. identified
ZIP4 as an independent predictor postoperative recurrence
in patients with hepatocellular carcinoma, as well as overall
survival (18). In pancreatic cancer, ZIP4 was found to be
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Table 2 Comparisons of baseline characteristics of patients with different levels of serum zinc

Variables Zn >856.0 pg/L Zn <856.0 pg/L P value ZIP4 <2.4 folds change ZIP4 >2.4 folds change P value
Number 63 53 65 51
Gender, n (%) 0.40
Male 37 (68.7) 33 (62.3) 0.70 37 (56.9) 33 (64.7)
Female 26 (41.3) 20 (37.7) 28 (43.1) 18 (35.3)
Age 64.8+7.8 63.9+6.9 0.54 65.4+7.4 63.1+8.2 0.18
BMI 22.6+5.0 23.3+4.6 0.41 23.0+5.0 22.8+5.3 0.85
Tumor site, n (%) 0.79
Proximal colon 37 (58.7) 26 (49.1) 0.30 36 (55.4) 27 (52.9)
Distal colon 26 (41.3) 27 (50.9) 29 (44.6) 24 (47.1)
Tumor number, n (%) 0.79
Single 59 (93.7) 47 (88.7) 0.34 59 (90.8) 47 (92.2)
Multiple 4 (6.3) 6(11.3) 6 (9.2) 4(7.8)
AJCC stage, n (%) 0.001
| stage 9 (14.3) 9(17.0) 0.54 10 (15.4) 8 (15.7)
Il stage 29 (46.0) 19 (35.8) 36 (55.4) 12 (23.5)
Il stage 25 (39.7) 25 (47.2) 19 (29.2) 31 (60.8)
T stage, n (%) 0.02
T1 3(4.8) 7(13.2) 0.17 2 (3.1) 8 (15.7)
T2 13 (20.6) 12 (22.6) 11 (16.9) 14 (27.5)
T3 35 (55.6) 20 (37.7) 37 (56.9) 18 (35.3)
T4 12 (19.0) 14 (26.4) 15 (23.1) 11 (21.6)
N stage, n (%) 0.001
NO 38 (60.3) 28 (52.8) 0.38 46 (70.8) 20 (39.2)
N1 10 (15.9) 14 (26.4) 6(9.2) 18 (35.3)
N2 15 (23.8) 11 (20.8) 13 (20.0) 13 (25.5)
Histologic stage, n (%) 0.33
Well differentiated 12 (19.0) 16 (30.2) 0.19 13 (20.0) 15 (29.4)
Moderately 34 (54.0) 20 (37.7) 34 (52.3) 20 (39.2)
differentiated
Poorly differentiated 17 (27.0) 17 (32.1) 18 (27.7) 16 (31.4)
CEA, n (%) 0.67
Positive 38 (60.3) 35 (66.0) 0.53 42 (64.6) 31 (60.8)
Negative 25 (39.7) 18 (34.0) 23 (35.4) 20 (39.2)
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significantly overexpressed in tumor cells and it could act
as a prognostic marker for patients (28). Jin e a/. detected
Z1P4 as the most upregulated protein in the exosomes
derived from pancreatic cancer cell lines and such exosomes
enhanced proliferation, migration, and invasion abilities of
the cell lines (19). Liu e 4/. investigated the mechanism of
ZIP4 that promoted the progression of pancreatic cancer,
and found that inactivation of ZIP4 increased the expression
of tight junction protein ZO-1 and claudin-1, and inhibited
the migration and invasion of pancreatic cancer cells (29).
Research has found that cAMP-response element binding
(CREB) protein signaling may be involved in the regulation
of cell proliferation induced by ZIP4. It was reported by
Yang ez al. that ZIP4 promoted the growth of orthotopic
pancreatic tumors in mice by activating CREB-regulated

Table 3 Univariate linear regression analysis of the association
between the level of serum Zn and the expression of tissue ZIP4

OR (95% Cl)

Level of serum Zn P value

Fold change of ZIP4 <0.001 -168.7 (-219.3 to -118.1)

5591

expression of RAB27B and further activating the p38 MAPK
signaling pathway (30). Additionally, Liu et 4/. reported
that ZIP4 could activate integrin o3 and Bl by raising
the expression of transcription factor ZEB1, which was
responsible for the inhibition of gemcitabine transporter
ENT1 (31), inducing the resistance to gemcitabine.

Some limitations existed in this study. Firstly, our study
didn’t include a large sample of patients considering the
workload. Thus, the results in this study may be biased to
some degree. Secondly, some characteristic information
regarding surgical procedures were not collected due to
most of our researchers not being directly involved in the
surgical procedures. Finally, there may be some additional
risk factors that were not considered in this study.

In conclusion, this prospective study that included
116 patients with stages I-III colon cancer revealed that
lower levels of serum Zn were associated with an increased
incidence of distant metastasis and reduced survival rate.
Our study also found that the expression of ZIP4 in cancer
tissue was significantly higher than in the healthy control
group. Increased expression of tissue ZIP4 led to a higher
incidence of locoregional recurrence and distant metastasis,
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Table 4 Multivariate logistic regression analysis of risk factors of outcomes in patients with stages I-III colon cancer

Variables P value* OR (95% Cl)

Locoregional recurrence
T stage* 0.041 4.12 (1.06-16.04)
N stage” 0.011 6.55 (1.55-27.65)
Histologic stage 0.025 7.57 (1.29-44.49)
Zn <856.0 pg/L 0.231 2.06 (0.63-6.73)
ZIP4 >2.4 folds change 0.032 6.83 (1.18-39.44)

Distant metastasis

Age 0.007 1.15 (1.04-1.27)
T stage” 0.043 3.07 (1.04-9.07)
N stage” 0.023 3.29 (1.18-9.14)
Histologic stage 0.022 3.00 (1.17-7.68)
Zn <856.0 pg/L 0.033 7.36 (1.18-46.04)
ZIP4 >2.4 folds change 0.039 3.58 (1.07-12.03)

Overall survival
Age 0.010 4.82 (1.87-12.44)
T stage* 0.005 5.86 (1.69-20.34)
N stage” 0.030 2.81 (1.11-7.12)
Histologic stage 0.023 3.81 (1.20-12.10)
Zn <856.0 pg/L 0.024 5.52 (1.26-24.24)
ZIP4 >2.4 folds change 0.035 4.98 (1.12-22.08)

*, the analysis was adjusted by all collected risk factors such as age, gender, BMI, primary site of tumor, number of tumors, AJCC stage, T
stage, N stage, histologic stage, and CEA level. *, considering AJCC stage was defined as TNM stage, we didn’t include AJCC in the mul-
tivariate regression analysis when T stage and N stage showed significant association with outcomes in the univariate analysis.

and lower survival rate during the 2-year follow up period.
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