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ABSTRACT

CLUSTERIN is A highly conserved heterodimeric disulfide-linked
80K glyco- protein originally named apolipoprotein-J (ApolJ) , which
is widely distributed in tissues and body fluids. In 1983 identified a
high-molecular weight protein in ram rete testis fluid and named
Clusterin CLU because it is a cell-aggregating factor capable of
eliciting the “Clustering” of Sertoli cells . In humans, it was firstly
purified from serum and the cloned gene was named CLI
(complement cytolysis inhibitor) or ApoJ due to similarities with
other known. It consists of two polypeptide chains connected by
four tofive disulfide bonds.

Introduction

Hepatocellular carcinoma (HCC) is the primary liver cancer derived
from hepatocytes and accounts for 85-90% of all primary liver
cancers. It is the 5th common cancer in men and the 7th common
cancer in women overall in the world (Ferlay et al., 2015; Ozakyol.,
2017).However, itis the third leading cause of cancer-related death,
exceeded only by cancers of the lung and stomach. Even HCC is not
in the most frequent cancers in the majority of the world, its high
mortality and short survival time causes a serious worldwide health
burden. Incidence to mortality rate is 0.95 for HCC and 5 years
survival is only 6.9%. Because only a minority of the patients are
diagnosed in early stages, over all median survival time is as short as
11 months.Annually, the estimated number of new cases is about
782,000 and causin 600,000 deaths globally per year (Ghouri et
al.,2017).

In Egypt the incidence of HCC in the past 10 years has been doubled
(Shaker et al.,2013). It is the second most common cancer in and the
6th most common cancers in women. It is estimated that the
prevalence of HCC will increase in Egypt, reaching its peak by the
year 2018 (Azab et al.,2011). The heavy burden of HCC parallels high
rates of HCV and its complications while hepatitis B virus (HBV) rates
have declined after the introduction of the vaccine in 1992 .Egypt
has a significant prevalence of HBV, HCV, bilharzial infection and

smoking, which may allow us to identify a high-risk group of
patients with HCC among those with chronic liver disease and
cirrhosis (Omran et al.,2015) . HCC prevalence is high in Nile Delta
area, more common in males, rural residents and farmers especially
in HCV patients (Naglaaetal.2017).

CLUSTERIN is A highly conserved heterodimeric disulfide-linked
80K glyco- protein originally named apolipoprotein-J (ApoJ) , which
is widely distributed in tissues and body fluids. In 1983 identified a
high-molecular weight protein in ram rete testis fluid and named
Clusterin CLU because it is a cell-aggregating factor capable of
eliciting the “Clustering” of Sertoli cells . In humans, it was firstly
purified from serum and the cloned gene was named CLI
(complement cytolysis inhibitor) or ApoJ due to similarities with
other known apolipoproteins (Ishaq et al., 2017). It consists of two
polypeptide chains connected by four to five disulfide bonds
(Matukumallietal., 2017).

CLU is thought to play diverse functions both cytoprotective and
cytotoxic, thus resulting in conflicting results (Materia et
al.,2011).For example, its involvement in numerous physiological
processes important for carcinogenesis has been reported,
including apoptotic cell death, cell adhesion, tissue remodeling, cell
cycle regulation, DNA repair, lipid transportation, membrane
recycling and immune system regulation(Andersen et
al.,2007).Cytoplasmic CLU immunostaining was noted to correlate
with poor prognosis in patients with renal cell carcinoma,11
hepatocellular carcinoma,urothelial bladder carcinoma,and
prostate adenocarcinoma. Also increased expression of secreted
CLU was associated with radioresistance, chemoresistance, and
hormone resistance, making CLU a promising target for antitumor
therapeutics (Hassan etal.,2014).

High mobility group box 1 (HMGB1), a member of the high mobility
group protein family, was originally character—ized as a non histone,
nuclear DNA binding protein (Cheng et al, 2008). It has been
implicated in several disease states, including sepsis, arthritis,
ischemia re perfusion injury and cancer. It also functions as an
extracellular signaling molecule during inflammation, cell
differentiation, cell migration and tumor metastasis (Ito etal., 2007).
The signal pathways of HMGB1, its receptors include receptor for
advanced glycation end product (RAGE) (Cheng et al.,2014), the toll-
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like receptors (TLRs, such as TLR-2, 4 and 9) (Conti et al.2013),
intergrin (Friggeri et al.,2010),a-synuclein filaments(Song et
al.,2014), proteoglycans (e.g., heparin sulfate, CD24 (Chen et
al.,2009), the T-cell immunoglobulin domain and mucin domain-3
(TIM-3) (Chiba et al.,2012) the member of the G protein-coupled
receptors CXCR4(Penzo et al ., 2010)N-methyl-D-aspartate receptor
(NMDAR)(Pedrazzi et al., 2012) and the triggering receptor
expressed on myeloid cells-1(TREM1)

Constant release of HMIGB1 as a pro inflammatory cytokine from
necrotic tumor cells can create a microenvironment similar to that of
chronic inflammation, a condition known to contribute to the
development of epithelial malignancies. Epithelial mesen—chymal
transition (EMT) was shown to promote the migratory and invasive
capacity of HCC cells (Liu etal.,2015).

The search for a serum biological marker of tumor invasiveness and
prognosis in HCC is of clinical importance. In this study, we
measured the levels of serum HMGB1 and serum CLU analysed the
relationship between the HMGB1, CLU and clinic pathologic
parametersin patients with hepatocellular carcinoma.

Patientsand Methods

A total of 200 adults at Minia University Hospital, Egypt between
November 2014 and December 2017 were candidates for this study,
but only 190cases fulfilled our inclusion and exclusion criteria. All
subjects (or their legal guardians) gave their informed consent to
the study, which was approved by the local ethics committee.

Those subjects were subdivided into four groups based on clinical
and laboratory characteristics

-Group 1(G1): Healthy subjects (control group). This group
included 30 apparently healthy persons with no history of liver
disease and noabnormalities in the laboratory investigation.

Group 2 (G2): 30 patients with chronic hepatitis-C virus infection.
The diagnosis is based on the presence of anti-HCV antibodies and
detectable HCV-RNA for 6 months ormore.

Group 3 (G3): 100 patients with hepatocellular carcinoma on top of
chronic HCV infection- related cirrhosis. The diagnosis of HCC based
onthecriteria of Egyptian Society of Liver Cancer (ESLC) 2011.

Group 4 (G4): 30 patients with chronic hepatitis C virus infection —
related cirrhosis are those who had:

(1) Positive serum anti-HCV antibodies

(2) Cirrhosis compatible with HCV origin proved by ultrasound and
3dimension CT scan

(3) Absence of HCC defined by the absence of a focal liver mass on
ultrasonography or CT scan.

Exclusion criteria:

1- Patients with other causes of chronic liver disease are excluded
including concurrent hepatitis B virus infection (positive for
hepatitis B surface antigen),drug-induced liver disease,
autoimmune hepatitis, primary biliary cirrhosis, primary
sclerosing cholangitis, hemochromatosis, a-1 Antitrypsin
deficiency, and Wilson’s disease , Bilharziasis (positive anti-
Bilharzial anti bodies, history of contact or receiving treatment).

2- Patientwho started toreceive antiviral treatment previously.

3- Patient who had a human immunodeficiency virus (HIV), or
schistosomal co-infection.

4- History of diabetes or fasting serum glucose P>7.0 mmol/L, ora
2-h postprandial serumglucose = 11.1 mmol/L,

5- History of ischemic heart disease during the previous 6 months
uncontrolled hypertension, unstable angina, or severe cardiac
arrhythmia

6- Alcoholconsumption

7- Inadequate kidney function (Serum creatinine level =150
umol/L)

8- Patientwho received concomitant cancer chemotherapy.

All participants were subjected to the following:

(A) Clinical Assessment and sociodemographicdata:

1-History:

Clinical and historical details were collected including: age of
patient, sex,and residence.

Past history of other chronic medical diseases, disturbed conscious
level, previous surgery orlong term drug intake.

2-General examination and abdominal examination

(B) Laboratory investigation:

Patient was required to be fast for 8 to 10 hours and venous blood
sample was drawn before 9 AM for,

1-Serological analysis:

A-HMGB1 level:

Whole blood was initially collected in non-heparinized tubes and
allowed to clot at room temperature for half an hour, then
centrifuged for 15 min, and serum collected for storage at —80KC in
microfuge tubes until assayed. Serum samples were ultrafiltered
with Microcon YM-100 filters (Millipore, Billerica, MA, USA). Filtrate
was transferred to a new clean Eppendorf tube, 2x Laemmli sample
buffer (Bio-Rad, Laemmli Sample Buffer, Hercules, CA,USA)was
made with_-mercaptoethanol (Bio-Rad) according to
manufacture’sinstructions.

B-Serum Clusterinlevel:

Serum CLU concentration was determined using the ELISA
technique according to the manufacturer’s instructions (Biovendor-
LaboratorniMedicinaa.s., Cat.No.RD194034200R).

Hepatitis B surface antigen (HBsAg):

Hepatitis B surface antigen was performed by enzyme-linked
immunosorbent assay (Sanofi Diagnostic Pasteur, Marne-la-
coquette, France).

Hepatitis Cvirus antibodies (anti-HCV) in serum:
Hepatitis C virus antibodies were performed with a third-generation
ELISA (BIOELISAHCV kit, BIOKkit, S.A Barcelona).

Hepatitis C virus RNA (HCV RNA) by quantiative polymerase
chainreaction (PCR):

HCV RNA quantitation was carried out by using by two different
laboratories, one using Amplicor HCV Monitor version 2 (Amplicor
HCV, Roche Diagnostics GmbH, Mannheim, Germany) (lower limit of
detection 50 IU/ml), and the other using Abbottm2000 (lower limit
of detection 12 IU/ml). Patients were considered as having
undetectable serum HCV RNA only if the virus was undetectable by
both assays.

HIV virusantibodyin serum:
HIV virus antibody in serum was performed with a third-generation
ELISA (BIOELISAHCV kit, BIOkit, S.A Barcelona).

2-Liverfunction tests:

Serum ALT, AST , albumin, and bilirubin. They were done using
Integra 400 autoanalyzer. Prothrmbin time,concentration and
international normalized ratio (INR) were done using thrombrel-s
(human throplastin containing calcium) from Behring diagnostic
inc.USA.

3-Completeblood picture:
Measurement was done by sysmex counterk-1000.

5-Serumureaand creatininelevel
6-Serum AFP concentration:

was determined using a two site chemiluminometricimmunoassay
(ACS-180, Siemens Healthcare Diagnostics, Germany) by the
Immulite 1000 Automated Analyzer (Diagnostic Products
Corporation).

9- AntiBilharziale antibodies
(C) ECG (Electrocardiogram)
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(E) Abdominal ultrasonography:
(F) Triphasic Computerized Tomography of abdomen:

To detect HFL in liver and tumor description (Number of tumors:
1/2/=3, Size of main tumor (cm) and Ratio of main tumor of
<3/3-5/>5cm). Diagnosis of HCC (early enhancement during
arterial phase followed by rapid washout of contrast in delayed
phase).

All patients have been assessed using:
The Child-Pugh score
The Modelfor End-Stage Liver Disease (MELD) Score

Results

The studied subjects comprised 190 individuals (30 apparently
healthy volunteers: mean age 41.7 + 5.96 years; 13 (43.3%) males
and 17(56.7%) females, 30 CHC cases: mean age 43.2+ 6.3 years; 18
(60%) males and 12 (40%) females, 30 LC cases: mean age 50.8+ 4.2
years; 16 (53.3%) males and 14 (46.7%) females and finally 100 HCC
cases: mean age 53.1+ 4.2 years; 66 (66%) males and 34 (34%)
females.

Table 1: Correlation between level of Clusterin and HMGB1 in
thefourgroups

Group Grou  Group Gl;:,“p
! pll m (Contr P value
(CHC) (LC) (HCC) o
N=30 N=30 N=100 N=30
Clusterin(n <0.001*
g/ml) (64- (54-  (120- (71- Ivs Ivs Ivs Ilvs Hlvs Illvs
Range 100) 89) 189) 123) 1 1 v 1 v v
Mean £ SD 80.8+1 725+ 157.6+2 94.8+1 0.2 <0.00 0.008 <0.00 <0.00 <0.00
0.5 9.7 0.6 3.1 34 * * 1* 1% 1*
HMGBI1(ng/ <0.001*
ml) (28- @7- (41- @any Ty Dvodvs v dlvs s
Range 46) 52) 89)  h, Hmoom v 1 v v
Mean=SD 38245 404+ 654213 O°CT 0.8 <0.00 <0.00 <0.00 <0.00 <0.00
1 8 7 56 1* 1* 1* 1* 1*

Serum CLU (ng/ml) level showed a significant increase in the HCC
group compared to the control group (157.6+ 20.6 vs.94 £13.1) (p<
0.001) ,to the CHC group (157.6+ 20.6 vs. 80.8 £10.5) and LC group
(157.6+ 20.6 vs. 72.5+9.7) (p< 0.001), while a significant decrease in
serum CLU level was found in the LC group compared to the control
group (72.5+£9.7 vs. 94 £13.1) (p< 0.001).There were no significant
differences between CLU levels in patients with CHC (80.8+10.5
ng/ml) and LC patients (72.5+9.7 ng/ml; p=0.23).

Table 9: Simple Discriminant functional analysis for prediction
of patientwith HCC (LCis the reference group)

Wilk's Sectioning Accuracy
P value Constant Coefficient
lambda point (%)
Clusterin 0.212  <0.001* -7.363 0.053 -1.222 100
AFP 0.943  0.006* -0.515 0.002 -0.156 76.9

Table 2: Simple Discriminant functional analysis for prediction
of patientwith HCC (LCis the reference group)

lmlll:dsa Pvalue Constant Coefficient Se‘::i)::"g Ac‘(::,z )ﬂ <y
Clusterin 0212 <0.001%  -7.363 0.053 -1.222 100
HMGB1 0.586  <0.001*  -4.721 0.079 -0.533 88.5
AFP 0.943 0.006* -0.515 0.002 -0.156 76.9

Table 3: Multiple Stepwise Discriminant functional analysis for
prediction of patient with HCC (LCiis the reference group)

Wilk's . Sectioni

Jambd Pvalue Constant Coefficient pmoll::ng AD:‘I,Z?W
Qlusterin(ng/ml) 0.052
HMGBI(ngml) 0188  <0.001* -8.093 0.027 -1.317 100
D. bilirubin -0.53

Table 4: ROC curve analysis for prediction of patient with HCC
(LCisthereference group)

Clusterin HMGB1 AFP
Op.ttmal cutoff >89 ~44 ~68
point
AUC 1 0.939 0.881
95% CI 0.972-1 0.882-0.973 0.812-0.931
Pvalue <0.001* <0.001%* <0.001*
Sensitivity 100 99 90
Specificity 100 68.97 72.41
PPV 100 91.7 91.8
NPV 100 95.2 67.7
Accuracy 100 92.25 86

60
— Clusterin
GB1
P
D. Bilirubin

Sensitivity

0 20 40 60 80 100
100-Specificity

Fig 1:ROC curve for sensitivity and specificity of AFP and serum
clusterinand HMGB1 for diagnosis of HCC

Table 5: Correlation between serum AFP and serum Clusterin
andHMGB?1 levels of the studied groups.

AFP
Clusterin HMGBI1
Group r P value r P value
HCV -0.141 0.456 0.128 0.500
LC 0.111 0.559 -0.178 0.346
HCC -0.011 0913 0.411 <0.001%*
Control 0.067 0.725 -0.116 0.543

There was a significant positive correlation shown between the
levels of serum HMGB1 and AFP among HCC group only (r=0.411, p
< 0.001). But there was no significant statistical difference in serum
CLU and AFPamongall groups (Table 5).

Table 6: Comparison between serum CLU and HMGB1 in child
class A&B and class CHCC patients

Child class

A&B C P value

(n=49) (n=51)
Clusterin(ng/ml)
Range (120-187) (122-189) <0.001*
Mean £ SD 147.4%17.9 167.4+18.3
HMGBI1(ng/ml)
Range (41-73) (46-89) <0.001*
Mean + SD 56+8.1 74.4x11.8

There was a significant statistical differencein serum CLU among the
different Child-Pugh classesin HCC patients as its mean level in child
class A&B 147.4+17.9 and 167.4+18.3 in class C with p<0.001.Also
there was a significantincrease in the level of HMGB1 between child
A&BHCC patients (56£8.1) and child CHCC patients (74.4+11.8) with
p<0.001 (Table18)

Table 6: Correlation between serum CLU and HMGB1 and
extrahepaticspread

Extrahepatic focal spread

No Yes P value
(n=69) (n=31)

Clusterin (ng/ml)
Range (120-189) (122-185) 0.624
Mean + SD 156.9421.2 159.1£19.7
HMGBI(ng/ml)
Range (41-89) (49-88) <0.001%
Mean & SD 60.7+12.5 75.8+10.1

Moreover, when sorting HCC patients into those with extrahepatic
spread of HCC included 31 cases (31%) and 69 cases (69%) without
extrahepatic spread , there was significant positive correlation
between serum HMGB1 and extrahepatic spread (P<0.001). And no
significantincrease in the level of serum CLU (p=0.624) (Table 6).
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Table 7: ROC curve analysis for prediction of patient with
extrahepaticfocal spread

HMGB1
Optimal cutoff point >67
AUC 0.808
95% CI 0.717-0.880
Pvalue <0.001*
Sensitivity 83.87
Specificity 76.81
PPV 61.9
NPV 91.4
Accuracy 79

HMGB!

100-Specificty

Fig2: ROC curve for sensitivity and specificity of serum HMGB1
in prediction of extrahepatic spread

ROC curve showing increase in level of HMGB1 with extrahepatic
spread at the cutoff value >67ng/ml serum HMGB1had 83.87
sensitivity, 76.81specificity, 61.9 PPV% and 91.4% NPV for HCC
prognosis (Table 7)

Table 8: Correlation between focal lesions characters and serum
Clusterinand HMGB1 levels

Clusterin HMGBI

r P value r P value
Tumor size 0.212 0.035% 0.523 <0.001%*
Tumor number 0.108 0.285 0.266 0.007%

We divided the tumors into three groups by their maximum size: <3
cm; 3-5cmand >5 cm to compare the serum HMGB1 and CLU levels
in patients with different size of HCC. There was a significant positive
correlation between the levels of serum HMGB1 and the size of
tumor (r=0.523, p < 0.001). Also significant correlation was found
between serum CLU and the size of tumor (r=0.212, p=0.035).

We divided the tumors into three groups by their number of focal
lesions: 1; 2 and > 2 to compare the serum HMGB1 and CLU levels in
patients with different number of focal lesions. There was a
significant positive correlation between the levels of serum HMGB1
and the number of tumors (r = 0.266, p = 0.007). But no significant
correlation was found between serum CLU and the number of
tumors (r=0.108, p=0.285) (Table 8).

Discussion

Worldwide, HCC is the third-leading cause of cancer deaths with
more than 500,000 people affected (Luca et al.,2015). It is
considered a health burden in Egypt due to its rising incidence
Treatment options for HCC are very limited, as it is often diagnosed
at a late stage (De Giorgi et al., 2013) leaving this disease with
unfavorable prognosis with five-year survival rate of <5%, if
diagnosed late with unresectable disease (Debruyne et al.,2010).
Therefore, it is highly recommended to find new markers for
diagnosing HCC at an early stage and to predict the prognosis of
HCC.

In the present study, serum CLU and serum HMGB1 were measured
by the ELISA technique in a cohort of Egyptian patients (healthy
controls, liver cirrhosis patients, chronic hepatitis patients and HCC
cases on top of HCV related liver cirrhosis). We found a significant
decrease in serum CLU level in the HCV related cirrhosis patients
when compared to the control group,and higher in HCC group than
the control group ,LC group and CHCgroup .with highly significant
difference between them (p<0.001). This was in agreement with
Nafee et al, 2012 and Ramadan et al., 2014 ,who reported
significant lower level of serum CLU in cirrhotic patients which may
be due to reduced liver cell mass or regenerating nodule incapable
of expressing CLU similar to normal and malignant cells. Another
study done by Wang et al., 2012, reported that serum CLU levels in
patients with HCC post HBV infection were significantly lower than
in those with chronic hepatitis and healthy subjects. In the present
study, serum clusterin was significantly increased with the
progression of child pugh staging systems of HCC with p<0.001. A
handful of studies tackled the issue of the diagnostic performance
of biomarkers in HCC. In the present study, serum AFP with a cutoff
level of >68 ng/ml ,had 90% sensitivity, 72.41% specificity, 91.8%
PPV and 97.7% NPV outperformed serum CLU with a cutoff level of
>89ng/ml in diagnostic sensitivity100%, specificity 100% , and
positive and negative predictive values 100%.

Its significant increase with appearance of HCC can be explained by
its anti-apoptotic function (Koltai., 2014)which suggests that
malignant cells when develop can over express CLU to survive and
grow.This is reinforced by our findings in analysis of HCC subgroups
which showed significant and progressive increase in serum CLU
with advance in tumor stage.The relation of CLU to HCC progression
was also variable in different reports. In vitro study using HCC cell
lines by Lau et al. (Lau et al., 2009) demonstrated that
overexpression of CLU increased cell migration and formation of
metastatic tumor nodules, Also significant correlation was found
between serum CLU and the size of tumor (r = 0.212, p=0.035). But
no significant correlation was found between serum CLU and the
number of tumors (r = 0.108, p=0.285).Wang et al. and Nafaa et al.
found no significant difference of CLU serum levels between
differenttumor sizes.

In our study we did not find a significant increase in serum CLU in
HCCs with extrahepatic spread when compared to HCC without
extrahepaticspread.

We have also demonstrated that serum HMGB1 levels were
significantly increased in patients with HCC than those in patients
with chronic hepatitis and cirrhosis. These results suggest that
HMGB1 may play a pivotal role in the development of HCC. Several
factors may contribute to elevation in serum HMGB1 levels in the
patients with HCC. One is that HCC cells produce and secrete
HMGB1. Stimulation of neoplastic cell lines with promoters such as
12-O-tetradecanoyl phorbol acetate (TPA) and the binding of c-Myc
tothe HMGB1 promoterinduces the transcription of HMGB1 (Cheng
etal.,2008).

HMGB1 secretion is dependent on active translocation of HMGB1
from the nucleus to the cytoplasm before being released into the
extra cellular milieu (Rendon-Mitchell etal.,2003 ;Liu etal.,2015)

On the other hand, it was well known that HMGB1 can be passively
released by necrotic and ischeamic cells (Rovere-Querini et al.,2004)
. Our results also showed that serum HMGB1 levels were strongly
correlated with tumor stage , tumor size, number of focal lesions,
extrahepatic spread, known HCC marker (AFP) and child pugh score

These data suggestthat HMGB1 may play animportant role not only
in development of HCC but in metastasis and poor outcome. In
addition, overexpression of HMGB1 has been shown to cause
modulation of the transcriptional expressing of many groups of
genes reported to play key roles in different biological processes of
neoplasm progression and metastasis. Enhanced expression of
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HMGB1 and RAGE has been strongly associated with atypical and
increased size of colorectal adenomas, colorectal metastases to
lymph nodes and distal organs, and poor prognosis atany colorectal
cancer stage (Jiao et al,2011),correlating with invasiveness and
pooroutcome (Linetal.2012).

Thus, in our study, elevation of HMGB1 in patients with HCC can
contribute to HCC genesis and metastasis by altering gene
expression with cells.

In conclusion, HMGB1 could be a useful and specific marker for
evaluating the tumour differentiation grade, tumour stage and
predicting prognosis in patients with HCC. This relatively new
concept helps us to understand the pathogenesis of HCC and might
provide insights that targeting HMGB1 production or release might
have substantial potential applications for HCC treatment. And we
concluded that serum clusterin was more sensitive than AFP for HCC
diagnosis so it might be used as a useful biomarker in screening of
high risk populations and for diagnosis of HCC which is one of the
most serious malignancies all over the world and specially in Egypt.
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