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Purpose: High serum insulin-like growth factor binding protein-7 (IGFBP-7) has been
found in several malignant tumors. Here, we aimed to assess the diagnostic potential of
serum IGFBP7 in patients with colorectal cancer (CRC).

Patients and Methods: An enzyme-linked immunosorbent assay (ELISA) was performed
to detect IGFBP7 level in the serum of 115 CRC patients and 107 healthy controls, and
receiver operating characteristics (ROC) was used to evaluate the accuracy of diagnosis.
Results: The levels of serum IGFBP7 were significantly higher in CRC than those in normal
controls (P < 0.001). With optimized cutoff of 2.050 ng/mL, IGFBP7 showed certain
diagnostic value with specificity of 93.9%, sensitivity of 64.5% and an area under the
curve (AUC) of 0.815 (95% CI: 0.754-0.877) in CRC. In early-stage CRC, IGFBP7
provided an AUC of 0.826 (95% CI. 0.757-0.896), a sensitivity of 64.5%, and
a specificity of 95.8%. Furthermore, when compared with carcinoembryonic antigen
(CEA), the accuracy of serum IGFBP7 in the diagnosis of CRC and early-stage CRC were
significantly improved. Analysis of clinical data shows that there are no significant differ-
ences between IGFBP7 and clinical factors.

Conclusion: Our study suggested that serum IGFBP7 might serve as a potential biomarker
for early-stage CRC diagnosis.

Keywords: colorectal cancer, IGFBP7, serum, biomarker, diagnosis

Introduction
Colorectal cancer (CRC) is one of the most serious malignancies, for it ranks third
in terms of incidence but second in terms of mortality.! There was an estimated
1.8 million new CRC cases and 881,000 CRC-related death cases occurred in
2018." There is a higher incidence and mortality in females than that in males in
worldwide."* The geographic areas with highest incidence are located in Europe,
Australia/New Zealand, Northern America, and Eastern Asia.' Due to the absence
of typical symptoms in patients with early stage diseases, CRC tends to present at
an advanced stage at diagnosis.> For patients with early-stage CRC, the 5-year
survival rate probability is as high as 90%;* however, this proportion declines to
about 20% in patients with an advanced stage CRC.’ Therefore, exploring an
effective and reliable method to identify CRC at an early stage is the key to
improve the survival of patients with this disease.

Studies have shown that CRC is not a sudden lesion of the colonic mucosa, but
is developed through a series of “normal mucosal-adenomas”.® Due to the slow and
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gradual development of the disease, it is generally agreed
that most of this disease is preventable and can be cured
by early detection and removal of precancerous polyps or
early tumors.’ Therefore, early detection of CRC is critical
to reduce morbidity and mortality associated with the
disease. At present, the most widely used diagnostic meth-
ods of CRC are endoscopy and CT,® however, these are
expensive to implement, complicated to operate, time con-
suming and invasive, which limits application in clinical
screening.” Thus, it is necessary to develop a simpler and
less invasive detection method to improve the diagnosis
rate of CRC. Moreover, the detection of tumor markers has
been widely used in the early screening and diagnosis of
cancer.'® Carcinoembryonic antigen (CEA) is the most
widely used tumor marker in clinical treatment of CRC
and has limited sensitivity and specificity.'""'> Therefore,
we aim to explore a more ideal CRC marker in this study
and explore its value in early diagnosis of CRC.

Insulin-like growth factor binding protein-7 (IGFBP-7),
also known as tumor adhesion factor and Vasomodulin, is
a secreted protein and one of multiple IGFBP-related
proteins.'* As an important binding protein for insulin-like
growth factor, IGFBP7 is widely distributed in the body and
plays an important role in regulating insulin distribution and
cell proliferation, differentiation, and growth.'* IGFBP7 is
the protein with the strongest binding capacity to insulin
among the members of the IGFBPs family discovered so
far. Compared with IGFBP1-6, its binding capacity to insu-
lin is 500 times stronger.'> IGFBP7 protein binds to insulin
with high affinity, so that insulin cannot bind to its receptor,
thereby inhibiting insulin-stimulated autophosphorylation of
insulin receptor B subunit and phosphorylation of insulin
receptor substrate I (IRS-1), causing Insulin resistance.'®!”
It has been reported that the expression of IGFBP7 is closely
related to cancers such as lung cancer, prostate cancer,
esophageal squamous cell carcinoma (ESCC) and esopha-
gogastric junction adenocarcinoma (EJA).'®2' However,
the relationship between serum IGFBP7 and CRC, espe-
cially its diagnostic value, has been rarely reported. This
study combines the non-invasive characteristics to explore
the diagnostic value of serum IGFBP7 in CRC, with a view
to provide an ideal indicator for CRC detection.

Patients and Methods
Study Samples

In this study, 115 serum samples of CRC patients were
collected from the First Affiliated Hospital of Shantou

University Medical College, from September 2013 to
October 2018. One hundred and seven normal controls
were selected from the Cancer Hospital of Shantou
from May 2015 to
February 2017. CRC serum samples were all newly diag-

University Medical College,
nosed patients without any anti-cancer treatment before
blood collection. Healthy controls were qualified blood
donors with no evidence of cancers.

The patients included in the analysis met the following
criteria: (1) were diagnosed as CRC by histopathological
examination; (2) had no cancer or received any anti-cancer
treatment before the diagnosis of CRC; (3) received chest
CT examination, which can be excluded Lung metastases;
(4) have complete follow-up data. Cancer patients who did
not meet the above criteria were excluded. The inclusion
criteria for normal people are healthy blood donors with-
out CRC or any other cancers.

After venous sampling, the peripheral blood samples of
patients and controls were collected by centrifugation with
2500g for 10 minutes, and then stored at -80 °C until the
start of the experiment. By signing informed consent, all
patients and normal controls agreed to participate in the
study. It was approved by the institutional review board of
the Cancer Hospital of Shantou University Medical
College (ethical approval number: 2,015,042,419; data:
April 24, 2015) and the First Affiliated Hospital of
Shantou University Medical College (ethical approval
number: 2,018,064; data: August 28, 2018), and con-
formed to the requirements of the Declaration of Helsinki.

We defined the CRC staging according to the eighth
edition of the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual.** In this study, we define
the O+I+IIA stage of AJCC TNM as early-stage, and the
[IB+III+IV stage as advanced-stage.

Analysis of Serum IGFBP7 and CEA

Levels

The levels of Serum IGFBP7 were detected by ELISA Kit
(Cusabio, CSB-E17249h, Wuhan, China). The minimum
detectable dose of human IGFBP7 is typically less than
19.5 pg/mL. This assay has high sensitivity and specificity
for detection of human IGFBP7. No significant cross-
reactivity or interference between human IGFBP7 and
analogues was observed. ELISA protocol was performed
according to the user manual. Briefly, follow the instruc-
tions to prepare reagents, samples, and standards. We
diluted the sample by a ratio of 1:3. The concentrations
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of the IGFBP7 standard curve were Opg/mL, 78pg/mL,
156pg/mL, 312pg/mL, 625pg/mL, 1250pg/mL, 2500pg/
mL, and 5000pg/mL, respectively. After preparation,
100pL standard and serum samples were added to each
well and then incubated for 2 hours at 37°C. Next, remov-
ing the liquid without washing, 100puL Biotin-antibody
(1X) was added in per well, and then incubated at 37°C
for 1 hour. Then, wash the plate 3 times with a microplate
washer (Microplate washer 888, Thermo Fisher Scientific,
Vantaa). One hundred microliter HRP-avidin (1X) was
added to the plates and incubated at 37°C for 1 hour.
Finally, after 5 washes, 90ul of TMB substrate was
added to each well and then incubated at 37°C for 20
minutes. Within 5 minutes after adding the stop solution,
read the OD values at 450 nm and 570 nm wavelengths
(Multiskan ELX800, BioTek Instruments, Winooski).
A four-parameter logistic curve was used to draw
a standard curve and multiplied by the dilution factor to
obtain the serum IGFBP7 concentration. All serum sam-
ples were tested in duplicate, and the mean value was
taken for analysis.

The serum levels of CEA were quantified using
a UniCel DXi 800 Analyzer and E601. According to the
manufacturer’s instructions, the cutoff values for normal
CEA in the First Affiliated Hospital of Shantou University
Medical College and the Cancer Hospital of Shantou
University Medical College are less than 9.7ng/mL and
3.5ng/mL, respectively. The level of each CEA in each
studied subject was then discretized to one, when it was
larger than the corresponding optimal cutoff; otherwise, it
was discretized to zero.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
8.0 software, SPSS (version 19.0) and Microsoft Excel.
When estimating the sample size, we set the standard
deviations of the two treatments to be equal, and require
the probability of 0=0.05 and =0.10 to be able to discern
that the difference between the two increases is 45% of the
standard deviation, that is, 6/c= 0.45. The specific calcula-
tion formula is nl=n2=2[(u,+pp)/(8/0)*+us/4. It is
known that 6/6=0.45, two-sided 0=0.05, p,=1.96, =0.10,
up=1.282, and the formula is nl=n2=2[(1.96+1.282)/
(0.45)]*+1.96%/4=105. Therefore, the sample size required
for the CRC group and the normal control group are both
105 cases. Combined with the actual sample size collected,
the final CRC group has 115 cases and the normal control
group 107 cases. The non-parametric Mann—Whitney’s

U-test was used to analyze the differences of serum
IGFBP7 and CEA levels between CRC group, early-
stage CRC group and the control group. Results were
expressed as mean + SDs. The receiver operating charac-
teristic (ROC) analysis was used to assess the diagnostic
boundaries, including the area under the ROC curve
(AUC), 95% confidence interval (CI), sensitivity and spe-
cificity. The optimum cut-off value was obtained from the
Youden’s index of the ROC curve, which was the max-
imum values of sensitivity + (100% - specificity).>> The
significant difference between serum IGFBP7 expression
and clinicopathological parameters was assessed using a y*
test. When P < 0.05, statistically significant differences
were confirmed.

Results
Serum Level of IGFBP7 Increased in CRC

Patients

To evaluate the diagnostic potential of IGFBP7, 222 serum
samples were tested, including CRC patients (n = 115) and
normal controls (n = 107). The patient group were con-
sisted of 68 males and 47 females, aged between 27 and 86
(mean, 63 years). There were 113 males and 32 females in
the control group, ranging in age from 40 to 80 years
(mean, 56 years) (Table 1). Figure 1 shows the IGFBP7
distribution of CRC and normal controls. As can be seen
from Figure 1, CRC group occupies more histogram
volume at high concentrations, while the normal group
occupies more histogram volume at low concentrations.
The levels of IGFBP7 (mean + SD) were 2.679 + 0.480
ng/mL, 2.683 + 0.417 ng/mL and 1.932 + 0.820 ng/mL in
CRC, early-stage CRC and normal control, respectively
(Table 2). Compared with the normal control group,
IGFBP7 increased not only in the serum of patients with
CRC, but also in the serum of patients with early-stage
CRC (P < 0.001) (Figure 2).

Diagnostic Capacity of IGFBP7 and
a Combination of IGFBP7 and CEA in
CRC and Early-Stage CRC

We generated a ROC curve to assess the diagnostic ability
of serum IGFBP7 in CRC. According to the ROC curve,
the optimized cut-off value for CRC was 2.050ng/mL.
With this cut-off value, IGFBP7 has a certain diagnostic
efficacy for CRC, of which AUC is 0.815 (95%
CIL:0.754-0.877), sensitivity is 93.9% and specificity is
64.5%. The AUC of CEA to distinguish CRC patients
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Table | Participant Information and Clinicopathological  a sensitivity/specificity of 99.1%/57.9% (Figure 3A; Table
Characteristics 3). When assessing the diagnostic capabilities of IGFBP7
Group CRC Patient Normal Controls and CEA in early-stage CRC using the same cut-off value,
(n=115) (n=107) we observed similar results to all-stage CRC (Figure 3B,
Age(years) Table 3).
Mean + SD 6311 5611
Range 27-86 40-80 .
k Correlation Between Serum
Gend .
o . " Concentration of IGFBP7 and
Female 47 n Clinicopathological Features
) The relationships of the levels of serum IGFBP7 and
Tumor size
Mean + SD 4842 | clinicopathological features were showed in Table 4. In
Range 1.5-13 our experiment, there were no statistically significant asso-

Histological grade
High(gradel) |
Middle(grade2) 92
Low(grade3) |
Unknown 21

Depth of tumor

invasion

TI 2
T2 13
T3 14
T4 8l
Unknown 5
Lymph node
metastasis
NO 67
NI 29
N2 13
Unknown 6

Distant metastasis

Yes 4
No 105
Unknown 6
TNM stage

| 12
1] 54
1] 39
\% 6
Unknown 4

Abbreviation: CRC, colorectal cancer.

from normal controls was 0.541 (95% CI: 0.465-0.617),
with a sensitivity of 78.3% and a specificity of 29.9%
(Figure 3A; Table 3). From this result, we can see that
the diagnostic capacity of IGFBP7 seemed better than
CEA. When combined with IGFBP7 and CEA, we
acquired an AUC of 0.815 (95% CI: 0.755-0.875) with

ciations between positive rate of IGFBP7 and clinical data,
including age, gender, size of tumor, depth of tumor inva-
sion, lymph node status, histological grade, and early-stage
or advanced-stage of CRC (P > 0.05).

Discussion

The insulin-like growth factor (IGF) family consists of
IGFs, IGF receptors, and IGF-binding proteins
(IGFBPs).**2° IGFBP7, also known as IGFBP-rP1, is
a member of the IGF family. IGFBP7 is a protein encoded
by the IGFBP7 gene.?’*® The main function of this protein
is to regulate the availability of IGFs in tissue and mod-
ulate IGF binding to its receptors. IGFBP7 binds to IGF
with high affinity.”® In addition, research has found that
IGFBP7 stimulates cell adhesion and is associated with
some cancers.”’ For example, overexpression of IGFBP7
is associated with tumor progression and poor survival in
gastric cancer (GC). It is suggested that IGFBP7 may play
a role in tumor progression of GC.*' Smith et al* reported
that DNA methylation in the IGFBP7 promoter was asso-
ciated with transcriptional silencing in esophageal adeno-
carcinoma (EAC), and this silencing was usually observed
in EAC tissues. Patients with methylated IGFBP7 often
have better survival rates. This result indicates that
IGFBP7 plays a role in tumor progression in adenocarci-
noma. Research on CRC showed that when IGFBP7 is
expressed by the tumor cells themselves, IGFBP7 can
promote the anchored independent growth of malignant
mesenchymal cells and epithelial cells with an EMT-
phenotype in addition to its tumor-suppressor function.*?
However, serum IGFBP7 has not been detected in CRC
patients whether it is up-regulated or down-regulated.
Therefore, in this study, we tried to detect circulating
IGFBP7 in CRC using ELISA.
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Figure | A distribution bar charts of the predicted probability of IGFBP7 in CRC and normal controls. The lowest concentration was 0.26 ng/mL and the highest one was
4.89 ng/mL. The predicted probability was divided equally for 25 sections and the diagram of CRC is in blue and normal control is in orange. CRC accounts for more
histogram volume on higher concentration while normal groups for more lower concentration.

In this study, the levels of serum IGFBP7 were sign-
ificantly increased in patients with CRC and early-stage
CRC compared with healthy controls. Serum IGFBP7
performed a diagnostic value in CRC with AUC of
0.815, sensitivity of 93.9% and specificity of 64.5%.
CEA is currently the most widely studied tumor marker
for CRC.>''** Therefore, in this study, we also explored
the diagnostic efficacy of CEA for CRC. As for the CEA,
it demonstrated AUC values of 0.541, associated with

78.3% sensitivity and 29.9% specificity. In CRC,
Table 2 Comparison Between Three Groups
N Serum IGFBP7 P value*
Expression
Mean £ SD
CRC 115 | 2.679 + 0.480 <0.001
Early-stage CRC (0+I+Il) | 24 | 2.683 + 0.417 <0.001
Normal controls 107 | 1.932 + 0.820

Notes: *Compared with normal controls.

IGFBP7 had much higher sensitivity than CEA to detect
CRC at the time of diagnosis, and its specificity was also
higher to that of CEA. Therefore, compared with CEA,
IGFBP7 has a higher diagnostic ability, which can distin-
guish patients with CRC from patients without cancer. In
fact, the primary objective of this study was to assess the
ability of IGFBP7 to detect early-stage CRC. In the early-
stage CRC, serum IGFBP7 performed a diagnostic value
with AUC of 0.826 (95% CI:0.757-0.896), sensitivity of
95.8% and specificity of 64.5%. Moreover, the AUC mea-
sured by CEA in early-stage CRC patients was 0.545 (95%
CI: 0.421-0.669), with a sensitivity of 79.2% and
a specificity of 29.9%. Thus, compared with CEA,
IGFBP7 also improved the diagnostic performance of
early-stage CRC. These findings highlighted the potential
of IGFBP7 as a non-invasive assessment for CRC at the
early stage.

A few studies have explored the potential of serum
IGFBP7 as a biomarker for malignant tumors.?’"%
Consistent with the results of this study, high expression
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P<0.001

P <0.001
1

Serum IGFBP7(ng/ml)

Figure 2 The concentration of IGFBP7 in serum of patients and normal subjects
was measured by enzyme-linked immunosorbent assay (ELISA). The concentration
of serum IGFBP7 of every sample in three groups were shown in scatter plot and
box plot. The lines in the box are means.

of IGFBP7 is positively correlated with cancer. In our
previous study, serum IGFBP7 levels were measured by
ELISA in 107 normal and 106 ESCC patients. The results
showed that it achieved the AUC of 0.794 for ESCC and
0.725 for early-stage ESCC.?° Another study performed by
Liu et al also demonstrated that IGFBP7 provided high
diagnostic accuracy with AUCs of 0.800 in EJA and 0.721
in early-stage EJA, respectively.”! These findings sug-
gested that serum IGFBP7 might be a marker for the

A q0-
0.8
2
> 064
.‘;‘;
g 047 — IGFBP7
0.2- — CEA
IGFBP7+CEA
0.0 T T T T 1
00 02 04 06 08 1.0

1-Specificity

Table 3 The ROC Curve Assay of IGFBP7, CEA and
a Combination of IGFBP7 and CEA

Variables AUC (95% CI) Sensitivity | Specificity
(%) (%)
CRC vs NC
IGFBP7 0.815(0.754-0.877) | 93.9 64.5
CEA 0.541(0.465-0.617) | 78.3 29.9
IGFBP7+CEA | 0.815(0.755-0.875) | 99.1 57.9
Early stage
CRC vs NC
IGFBP7 0.826(0.757-0.896) | 95.8 64.5
CEA 0.545(0.421-0.669) | 79.2 29.9
IGFBP7+CEA | 0.829(0.758-0.899) | 95.8 57.9

Abbreviations: AUC, area under the curve; 95% Cl, 95% confidence interval;
CRC, colorectal cancer; NC, normal controls.

diagnosis of gastrointestinal cancer. However, testing
serum IGFBP7 alone could not meet the requirements of
clinical practice. Studies have shown that compared with
a single biomarker, the combined detection of multiple
serum proteins would increase the sensitivity or specificity
of CRC.***® For example, Zhang et al found that the
combined use of CEA and CA19-9 could improve the
diagnosis rate of CRC and increase its sensitivity from
47.8% to 71.7%.>7 For CRC, two studies showed that the
combinations of CEA + CA72-4 or CEA + CA72-4 +
CA19-9 increased AUC from 0.75 (with the best single
marker) to 0.80 and 0.81, respectively.*®** In our experi-
ment, when we combined with IGFBP7 and CEA, the
diagnostic  value of AUC was 0815 (95%
CI.0.755-0.875), the sensitivity was 99.1% and the

B 10-
0.8-
£
2 06
2
s 047 — IGFBP7
0.2- — CEA
) IGFBP7+CEA
0.0¢= T T T T 1
00 02 04 06 08 10

1-Specificity

Figure 3 Receiver operating characteristic (ROC) curve analysis in the diagnosis of CRC and early-stage CRC. Three groups versus NC group are in different colors. (A)
The performance of the IGFBP7, CEA, or the combination of IGFBP7 and CEA in distinguishing CRC from normal controls. (B) The performance of the IGFBP7, CEA, or
the combination of IGFBP7 and CEA in distinguishing early-stage CRC from normal controls. The area under the block line is 0.5, for reference.

Abbreviation: CRC, colorectal cancer.
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Table 4 Relationship Between Positive Rates of IGFBP7 and
Clinicopathologic Features in CRC Patients

n Positive | % Ve P value
Patient age
<63 45 42 93.3 | 0.010 | 0.922
263 70 65 92.9
Gender
Male 47 | 43 91.5 | 0.589 | 0.714
Female 68 64 94.1
Tumor size
<5 49 | 45 91.8 | 0.499 | 0.779
=5 6l 57 93.4
Unknown 5 5 100
Histological grade
High(gradel) | | 100 | 0.366 | 0.947
Middle(grade2) 92 | 85 92.4
Low(grade3) | | 100
Unknown 21 20 95.2
Depth of tumor
invasion
Tl 2 2 100 | 1.852 | 0.763
T2 13 13 100
T3 14 13 92.9
T4 8l 74 91.4
Unknown 5 5 100
Lymph node metastasis
NO 67 6l 91.0 | 4457 | 0.216
NI 29 29 100
N2 13 I 84.6
Unknown 6 6 100
Distant metastasis
MO 105 | 97 924 | 0.819 | 0.664
Ml 4 4 100
Unknown 6 6 100
TNM stage
Early stage (0+I+IA) | 24 23 95.8 | 0.952 | 0.621
Advanced stage (IIB | 85 | 78 91.8
+I1+1V)
Unknown 6 6 100

specificity was 57.9%. The results showed that the sensi-
tivity of IGFBP7 + CEA to detect CRC was higher than
that of IGFBP7. Similar results were observed in the early-
stage CRC. Thus, we hope that IGFBP7 can be combined
with some established tumor markers (such as CEA,
CAT72-4, CA19-9) to further improve the diagnostic effi-
cacy of CRC. At present, the examination of CRC still
mainly relies on endoscopy.® If IGFBP7 is used as
a screening tool for CRC, it can also be used in

combination with endoscopy, which may help improve
the diagnosis rate of early-stage CRC.

Studies have shown that fasting blood glucose in CRC
patients is positively correlated with the expression of
IGFBP7 in CRC tissues. It suggests that IGFBP7 may be
a gene involved in the occurrence and development of type
2 diabetes. Type 2 diabetes is a disease caused by insulin
resistance and insulin secretion defects. An important
cause of type 2 diabetes is the weakened effect of insulin
on adipose tissue, skeletal muscle, and liver. Therefore,
insulin resistance is an important feature of type 2 dia-
betes. Our research on the relationship between IGFBP7
and insulin resistance helps us understand the role of
IGFBP7 in insulin resistance, diabetes, and metabolic syn-
drome. Therefore, we explored the relationship between
the level of peripheral blood IGFBP7 and type 2 diabetes
and found that the expression of IGFBP7 with diabetes
(18) and without diabetes (97) in more than 115 cases of
CRC was not statistically significant (Supplementary
Figure 1). The reason for this phenomenon may be that
CRC patients only draw blood on an empty stomach in the
their
Therefore, abnormal blood glucose in some CRC patients

morning without monitoring blood glucose.
may be ignored and affect the final result.

As for the relationship between serum IGFBP7 and the
clinical data of CRC, no significant association was found
(all P> 0.05). Since the age of cancer patients and healthy
controls were not well matched, further research could be
performed with corresponding age. Our study was single
and the sample size is small, which may lead to bias. But
to our knowledge, this is the first time that the diagnostic
value of serum IGFBP7 for early-stage CRC has been
reported. We believe that if large sample studies are con-
ducted in multiple institutions, our research will signifi-
cantly improve the ability to assess the serum CRC of
IGFBP7. This is the direction we need to work on in the
future.

Conclusion

In conclusion, our results suggest that IGFBP7 might be
a potential serum biomarker for the diagnosis of CRC,
although these results must be confirmed in larger samples

and in different populations.
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