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Abstract N
Background: Human Cripto-1 (CR-1), a member of the epidermal growth factor-Cripto-1/FRL-1/Cryptic protein family (EGF- |
CFC), is highly expressed in a variety of human cancers. We aimed to detect serum CR-1 level in liver diseases especially in
hepatocellular carcinoma (HCC) patients.

Methods: Serum CR-1 level was Sandwich-type enzyme-linked immuno sorbent assay (ELISA) detected in 330 patients with liver
diseases including HCC, cirrhosis, and chronic hepatitis and 50 volunteers without hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection as control.

Results: The serum CR-1 level was significantly higher in HCC patients than volunteer controls and it was also significantly higher in
HBV-related HCC than HCV-related HCC. In addition, serum CR-1 level was correlated with serum alpha-feto-protein (AFP) in HBV-
related HCC patients. The serum CR-1 was also higher in cirrhosis and chronic hepatitis than volunteer controls. The serum CR-1 in
HBV-related cirrhosis was higher than chronic hepatitis B, but there was no significant difference between HCV-related cirrhosis and
chronic hepatitis C.

Conclusions: Serum CR-1 was higher in HCC patients and might serve as a complementary biomarker to clinical diagnosis of
HBV-related HCC. The high level of serum CR-1 in HBV-related liver disease might be partly attributed to HBV infection.

Abbreviations: AFP = alpha-feto-protein, ALK4 = type | activin receptor-like kinase receptor 4, AUCs = areas under the curves,
BSA = bull Serum Albumin, CR-1 = cripto-1, CSCs = cancer stem cells, DNA = deoxyribonucleic acid, EGF-CFC = epidermal growth
factor-Cripto-1/FRL-1/Cryptic protein family, ELISA = enzyme-linked immuno sorbent assay, GPI = glycosylphosphatidylineositol,
HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, MAPK = mitogen-activated protein kinase, ROC

curves = receiver operating characteristics curves, Streptavidin-HRP = streptavidin horse radish peroxidase, TDGF-1 =

teratocarcinoma-derived growth factor-1.
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1. Introduction

Human Cripto-1 (CR-1) is the founding member of the epidermal
growth factor-Cripto-1/FRL-1/Cryptic protein family (EGF-CFC),
also known as teratocarcinoma-derived growth factor-1 (TDGF-
1). It is involved in the activation of several different signaling
pathways during embryonic development and cellular transfor-
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mation.”! The major signaling pathways activated by CR-1 are the
Nodal/ALK4/Smad-2 signaling pathway and the Glypican-1/c-Src/
mitogen-activated protein kinase (MAPK)/AKT signaling path-
way.” CR-1 protein structure consists of 2 functional domains.
One is a modified EGF-like domain, which is divergent from the
canonical EGF-domain possessed by EGF, transforming growth
factor a, and heregulins. The other is called a CFC domain, which
carries a cysteine-rich region. CR-1 also functions as a cell
membrane anchored protein through its COOH terminal
glycosylphosphatidylineositol (GPI) anchoring site. Once cleaved
by phosphatidy inositol-phospholipase C. GPI can be secreted into
serum or conditioned medium by several cell lines.

CR-1 expression has been associated with the pluripotential
capacity and self-renewal of human and mouse embryonic stem
cells and is a stem cell marker.>>®! Cancer stem cells (CSCs), also
known as tumor-initiating cells, share several characteristics with
normal tissue stem cells. CSCs have been identified in human
tumors, and they possess long-term self-renewal potential,
quiescent properties, and resistance to chemotherapy and
radiotherapy.” A high level of CR-1 expression was detected
in different human primary carcinomas, possibly promoting
angiogenesis, cell proliferation, invasion, and migration. CR-1 is
overexpressed in bladder, colon, breast, lung, and gastric
cancer,® 13! while a low or absence of CR-1 expression was
noted in normal tissues, suggesting a high level of CR-1
expression in the tissue may indicate malignant transformation.
Hepatocellular carcinoma (HCC) is one of the most common
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human cancers, ranking as a third leading cause for cancer-
related death worldwide."*! However, information on the serum
CR-1 level in HCC patients remains scarce. In this study, we
aimed to investigate the serum CR-1 level in patients with liver
diseases including HCC.

2. Materials and methods

2.1. Patients

A total of 330 inpatients were recruited from 2012 to 2017 from
the First Hospital of Jilin University (Changchun, China). Among
them, there were 115 HCC patients who did not receive
treatment such as resection or liver transplant. Among the
remaining patients, 77 were diagnosed with hepatitis B virus
(HBV)-related liver cirrhosis, 62 with chronic hepatitis B, 32 with
hepatitis C virus (HCV)-related liver cirrhosis, 34 with chronic
hepatitis C, and 10 with metastatic hepatic carcinoma. Among
the 115 HCC patients, 74 patients were HBV infected, 34 HCV
infected, and 7 without HBV or HCV infection. Serum samples
from above patients as well as 50 volunteers (no HBV or HCV
infection) from Changchun epidemiological investigation in 2016
were collected as normal controls were stored at —80°C until
analysis. Written informed consent was obtained from all
participants. This study was approved by the Ethics Committee
of the First Hospital of Jilin University.

2.2. Serum samples

The serum level of CR-1 was detected by commercialized human
CR-1 DuoSet enzyme-linked immuno sorbent assay (ELISA) kit
(R&D System Inc.). The 96-well microtiter plates were coated with
mouse anti-human CR-1100 pL/well and incubated overnight at
4°C. Wash the plate with wash buffer for 3 times after each step.
The plates were then blocked with 300 pL/well of 1% bull Serum
Albumin (BSA) for 1 hour at room temperature and incubated with
100 pL serum samples for 2hours at room temperature. Then,
100 pL of biotinylated mouse anti-human CR-1 to each well was
added and incubated for 2 hours at room temperature, followed by
addition of 100uL of streptavidin horse radish peroxidase
(Streptavidin-HRP) to each well for 20 minutes at room tempera-
ture. Finally, 100 L of Substrate Solution were added to each well.
The reaction was stopped with 50 uL of stop solution and OD
values were read at 450 nm. A standard curve was generated and
the concentrations of CR-1 were calculated. CR-1 standards
ranged from 62.5 to 4000 pg/mL were included in each plate.

2.3. Statistical analysis

Statistical software (SPSS, version 18) was used for the analysis.
The non-parametric Mann-Whitney U test was used to assess the
statistical significances of the difference between the various
groups. Receiver operating characteristics (ROC) curves were
constructed to assess sensitivity, specificity, and respective areas
under the curves (AUCs) with 95% CI. Correlation between
different variables and CR-1 was assessed by Spearman
correlation coefficient. All statistical tests were 2-sided, and
P<.05 was considered statistically significant.

3. Results

3.1. Human CR-1 serum level was higher in HCC patients

Serum CR-1 level of 115 HCC serum samples was detected, as
shown in Figure 1. Data are expressed as median and range. The
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Figure 1. Serum CR-1 level detected by sandwich ELISA in volunteer controls
(n=50), HBV-related HCC (n=74), HCV related HCC (n=34), HCC without
HBV or HCV infection (n=7), and metastatic hepatic carcinoma (n=10). The
serum CR-1 levels in HBV-related HCC, HCV related HCC, and HCC without
HBV or HCV infection group showed significant differences with volunteer (both
P <.05). CR-1=cripto-1, ELISA=enzyme-linked immuno sorbent assay,
HBV =hepatitis B virus, HCC =hepatocellular carcinoma, and HCV = hepatitis
C virus.

serum level of CR-1 was significantly higher in HBV-related HCC
patients [218.5 (62.5-4000) pg/mL, n=74, P<.001] than that in
volunteer controls [62.5 (62.5-74) pg/mL]. Serum CR-1 level in
HCV-related HCC patients [107.5 (62.5-1085) pg/mL, n=34,
P<.001] and HCC patients without HBV or HCV infection
[97.3 (62.5-261.6) pg/mL, n=7, P=.023] was also higher than
that in volunteer controls. However, there was no significant
difference in serum CR-1 level between metastatic hepatic
carcinoma [71.95 (62.5-2035.2) pg/mL, n=10, P=.149] and
volunteer controls. Interestingly, the serum CR-1 level of HBV-
related HCC patients was significantly higher than that in HCV-
related HCC patients (P=.015, Table 1).

3.2. Serum CR-1 level in HBV infected patients

Serum CR-1 level in 77 patients with HBV-related liver cirrhosis
[189 (62.5-3247.8) pg/mL] and 62 chronic hepatitis B patients
[107.3 (62.5-862.6) pg/mL] (Fig. 2) were significantly higher
than volunteer controls (both P<.001). Serum CR-1 level in
patients with HBV-related HCC and HBV-related liver cirrhosis

Concentration of serum CR-1 in patients.

No. of serum CR-1 concentration _
Patients samples (pg/mL) P
HBV-related HCC 74 218.5 (62.5-4000)
HBV-related cirrhosis 7 189 (62.5-3247.8) 756
Chronic hepatitis B 62 107.3 (62.5-862.6) 023
HCV related HCC 34 107.5 (62.5-1085) 015

CR-1=cripto-1, HBV =hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus
“Mann-Whitney U test was used to compare values in patients with HBV-related cirrhosis, chronic
hepatitis B, and HCV related HCC with HBV-related HCC group. Data are expressed as the median
(range).
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Figure 2. Serum CR-1 level detected by sandwich ELISA in HBV-related liver
cirrhosis (n="77) and chronic HBV infection (n=62). Serum CR-1 level in HBV-
related liver cirrhosis was significantly higher than chronic HBV infection
(P<.05). But serum CR-1 level had no statistically difference between HBV-
related liver cirrhosis with HBV-related HCC (P=.756). CR-1=cripto-1,
ELISA=enzyme-linked immuno sorbent assay, HBV =hepatitis B virus, and
HCC =hepatocellular carcinoma.

was significantly higher than in patients with chronic hepatitis B
(P=.023 and P=.010, respectively, Table 1). But there was no
significant difference in serum CR-1 level between HBV-related
HCC with HBV-related liver cirrhosis (P=.756, Table 1).

3.3. Serum CR-1 level in HCV infected patients

Serum CR-1 level in the 32 HCV-related liver cirrhosis patients
was 91 (62.5-2345.4) pg/mL and 82.9 (62.5-674.6) pg/mL in 34
chronic hepatitis C patients (Fig. 3). They were all have significant
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Figure 3. Serum CR-1 level detected by sandwich ELISA in HCV related liver
cirrhosis (n=32) and chronic hepatitis C (n=34). Serum CR-1 level in HCV
related cirrhosis was not significantly different from that in chronic hepatitis C
and HCV related HCC (P=.509 and P=.801, respectively). CR-1=cripto-1,
ELISA=enzyme-linked immuno sorbent assay, HCC =hepatocellular carci-
noma, and HCV =hepatitis C virus.

www.md-journal.com

differences compared with volunteer controls (both P<.001).
However, serum CR-1 level in HCV-related cirrhosis was not
significantly different from that in HCV-related hepatitis and
HCV-related HCC (P=.509 and P=.801, respectively).

3.4. Sensitivity and specificity for diagnosis of HBV-related
HCC by serum CR-1

ROC curves of serum CR-1 were constructed to determine cutoff
values. We used the level of serum CR-1 of HBV-related HCC
and all of the volunteers, chronic hepatitis B and HBV-related
liver cirrhosis patients as control to generate ROC curves. As
shown in Figure 4, the sensitivity and specificity for diagnosis of
HBV-related HCC were 33.80% and 91.50%, respectively, when
the cutoff value was set at the level of 714.20 pg/mL. The area
under the curve for serum CR-1 was 0.623. Positive rates of
serum CR-1 in HBV-related HCC was 33.78%. In addition,
positive rates of serum CR-1 for HBV-related liver cirrhosis and
chronic hepatitis B patients were 19.48% and 1.61%, respec-
tively.

When the cutoff value was adjusted to 177.27 pg/mL (mean +
2SD, volunteer controls), the positive rates were 52.70%,
51.95%, and 29.03% for HBV-related HCC, HBV-related liver
cirrhosis, and chronic hepatitis B patients, respectively.

3.5. Correlation of serum CR-1 level with
clinicopathological parameters

To investigate the relationship between serum CR-1 and other
biochemical markers for HCC, we found that serum CR-1 level
was correlated with alpha-feto-protein (AFP) (r=0.265, n=68,
P=.029) in HBV-related HCC patients, but not in HCV-related
HCC patients (r=0.041,n=29, P=.833). The value of AFP was
not available for 6 HBV-related HCC patients and 5 HCV-
related HCC patients. There was no correlation between serum
CR-1 level and AFP in HBV-related liver cirrhosis patients or
between serum CR-1 level and log (HBV deoxyribonucleic acid
[DNA]) in HBV-related HCC patients.

4. Discussion and conclusions

In this study, we investigated serum CR-1 level in patients with
liver diseases including chronic hepatitis, cirrhosis, and HCC.
There were several interesting findings: serum CR-1 was
significantly higher in HCC patients independent of HBV or
HCV infection; serum CR-1 level positively correlated with
serum AFP level in HBV-related HCC patients; high serum CR-1
might be partly attributed to HBV infection.

HCC accounts for 70% to 80% of all liver cancers.
Improvement in the management of HCC has been made, but
its prognosis remains poor. This is partly related to the fact that
HCC diagnosis in more than two-thirds of patients was made at
an advanced stage, which significantly limits therapy options.!**!
An early diagnosis of HCC will enable curative surgical and
ablative treatments more effective, with median survival reaching
50% to 70% at 5 years.'®!7! Therefore, identifying a simple
biomarker for early diagnosis of HCC patients or predicting
patients at high risk for advancing liver disease to cirrhosis was
urgently needed.

There are many risk factors associated with HCC occurrence,
including hepatitis B or C viral infection, alcohol consumption,
aflatoxin B1 exposure, and genetic predisposition. Accordingly, we
divided patients into 3 groups according to virus infection.['8-21!


http://www.md-journal.com

Zhang et al. Medicine (2018) 97:35

Medicine

ROC Curve

0.8

0.4

Sensitivity

0.2

0.0 1 T

T
0.0 0.2 0.4

T
0.6 0.8 1.0

1 -Specificity

Figure 4. ROC curves for CR-1 in differentiating the HBV-related HCC and control group. The area under the curve was 0.623. The sensitivity and specificity at the
cutoff value of 714.20 pg/mL were 33.80% and 91.50%, respectively. ROC curves =receiver operating characteristics curves, CR-1=cripto-1, HBV =hepatitis B

virus, and HCC =hepatocellular carcinoma.

CR-1 is a typical example of an oncofetal protein that
promotes cell migration, angiogenesis, and stem cell maintenance
during embryonic development and oncogenic transformation in
vitro and in vivo.""**7** CR-1 is usually expressed at low levels
in normal adult tissues, a significant increase in a variety of
human tumors, including colorectal, breast, gastric, pancreatic,
ovarian, and lung carcinomas.!®?! But, serum CR-1 level in
HCC patients remains unclear. In this study, serum CR-1 level in
HCC patients was significantly elevated compared with volun-
teers. Liver cirrhosis is an important cause of mortality in the
world.?®) Most (70%-90%) HCC patients are developed
following cirrhosis.*”) Thus, it had been reported that CR-1
expression has been detected in premalignant lesions of the colon,
stomach, and breast.**3% The significantly high serum CR-1 in
HBV-related cirrhosis patients suggests that the high serum CR-1
might indicate high risk for HCC. And it appeared to be a new
biomarker candidate for screening HBV-related HCC. HBV can
cause HCC in the absence of cirrhosis because of its oncogenic
viruses feature. And in our study, the serum level of CR-1 in
HBV-related HCC patients, as well as HBV-related cirrhosis
patients, were higher than that in HCV-related HCC. We
assumed that the correlation of the serum CR-1 with HBV
infection might suggest that CR-1 expression could be part of the
response to HBV infection.

AFP is a marker commonly used as part of HCC diagnosis, but
sensitivity is low (25%-65%), particularly in the detection of
early stage HCC at 20ng/mL cutoff.*'=%31 In addition, AFP
concentration can also be raised in many patients with non-
malignant chronic liver disease, including 15% to 58% of
patients with chronic hepatitis and 11% to 47% with liver
cirrhosis.®13* In this study, we found that serum CR-1 was
significantly correlated with AFP in HBV-related HCC patients.

This also suggested that CR-1 might be a supplemental
biomarker that might help detecting HCC, especially in HBV-
related HCC.

As noted, average serum CR-1 level in HCV-related or non-
HBV/HCV-related HCC patients were differed significantly from
volunteer controls, but were much lower than HBV-related HCC
and HBV-related cirrhosis patients, thus, we only used HBV
infected patients and volunteers to generate ROC curves. And the
specificity was high, though low in the sensitivity. When replacing
the ROC curve derived cutoff value with a mean+2SD of
voluntary control, the positive rate in HBV-related HCC patients
and HBV-related cirrhosis was similar, so we considered this
method was not suitable for our study.

Serum CR-1 in HCC patients without HBV or HCV infection
was higher than that in volunteer controls. This might suggest the
elevated serum CR-1 was associated with HCC, but independent
of etiology. Serum CR-1 level in metastatic hepatic carcinoma
was not higher than voluntary control. This might represent that
serum level of CR-1 was elevated in primary liver tumor growth
but not in metastasis. However, the small number of serum
samples in HCC patients without HBV or HCV infection and
metastatic hepatic carcinoma patients was one of the limitations
to our study. So these suggestions require further validation in
new studies. In our study, the serum level of CR-1 in HBV-related
HCC was statistically higher than that in chronic hepatitis B, but
not significantly higher than HBV-related cirrhosis. However, the
median level of CR-1 in HBV-related HCC and HBV-related
cirrhosis was 218.5 pg/mL and 189 pg/mL, respectively, suggest-
ing the difference might be significant if the sample size was large
enough. And another limitation to the study was the detection
limits of our ELISA kit. The detection limits of our ELISA kit were
set between 62.5 pg/mL and 4000 pg/mL, it was possible that the
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CR-1 level may have been overestimated if <62.5pg/mL or
underestimated if >4000 pg/mL, and was considered 62.5 pg/mL
or 4000 pg/mL in this study.

In summary, we found that serum CR-1 was higher in HCC
patients, especially in HBV-related HCC, also in HBV-related
liver cirrhosis and chronic hepatitis B, suggesting serum CR-1
level could be increased with the progression of HBV-related liver
disease and high level of serum CR-1 might be a potential
biomarker for screening HCC in HBV infected patients. In
addition, a higher level of serum CR-1 was detected in HBV
infected HCC and cirrhosis comparing HCV infection, suggest-
ing a possibility that elevation of CR-1 expression could be part
of the response to HBV infection.
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