Biomarkers Downloaded from informahealthcare.com by Peking University on 11/14/12
For personal use only.

Biomarkers, 2011; 16(4): 346-354 H
© 2011 Informa UK, Lt informa
ISSN 1354-750X print/ISSN 1366-5804 online healthcare

DOI: 10.3109/1354750X.2011.573095

RESEARCH ARTICLE

Expression of insulin-like growth factor-II, matrix
metalloproteinases, and their tissue inhibitors as predictive
markers in the peripheral blood of HCC patients

H.M. El Tayebi', W. Salah?, I.H. El Sayed?, A.R.N. Zekri*, N. Zayed?, E.S. Salem?, G. Esmat®, and A.I.
Abdelaziz!

'The Molecular Pathology Research Group, German University in Cairo, Cairo, Egypt, “Molecular Biology Department,
Institute of Genetic Engineering and Biotechnology, Menofia University, Sadat City, Egypt, *Department of Medical
Oncology, National Cancer Institute, Cairo University, Cairo, Egypt, *Virology and immunology Unit, Cancer Biology
Department, National Cancer Institute, Cairo University, Cairo, Egypt, and °Department of Tropical Medicine and
Hepatology, Cairo University, Cairo, Egypt

Abstract

Background/aim: Elevated relative expression of insulin-like growth factor-Il (IGF-Il) was observed in hepatocellular
carcinoma (HCC) liver tissues with a role in neovascularization and associated with poor prognosis. IGF-Il is influenced
by the proteolytic cleavage of IGF-binding protein 3 and by matrix metalloproteinases (MMP), which are further
regulated by their tissue inhibitors tissue inhibitor of metalloprotienase-1 (TIMP-1). Our aim is to study new molecular
markers for HCC.

Patients/methods: RNA was extracted from the peripheral blood for evaluating the relative expression of IGF-Il, MMP-9,
and TIMP-1 in correlation with clinical staging of 39 HCC patients and 15 healthy controls using TagMan real-time PCR.

Results: The relative expression of IGF-Il and MMP-9 mRNA were significantly elevated in HCC patients compared
with healthy controls; P-value <0.0001 for both. There was a significant correlation between MMP-9 and different
HCC stages. On the other hand, TIMP-1 was significantly down-regulated in HCC patients; P = 0.0003 with the
elevation of the IGF-II/TIMP-1 ratio. Significant correlation between TIMP-1 and HCC Stage Ill and Stage IV was found;
P-value=0.0138.

Conclusion: These results highlight the importance of profiling the expression of IGF-Il, MMP-9, and TIMP-1 in the
peripheral blood as prognostic molecular biomarkers in HCC.

Keywords: HCC, IGF-II, MMP-9, TIMP-1, PBMCs

Introduction or tumor sizes (Yao et al., 2006). Combination of TGF-{31
Recentresearches are focusing on finding new molecular and serum AFP was useful for detecting HCC with detec-
markers for diagnosis and prognosis of different cancers tion rate up to 97% (Dong, 2006). In addition to, hepa-
especially the hepatocellular carcinoma (HCC). Yao et al. toma-specific gamma-glutamyltransferase (HS-GGT)
studied the transforming growth factor (TGF)-$1 mRNA derived from gamma-glutamyl transpeptidase where
expression in peripheral blood of HCC patients, which its elevated circulating mRNA and protein levels were
was significantly higher than in other patients of liver found in HCC especially in the hypomethylated form
diseases. Its sensitivity and specificity were as high as helped in diagnosis or differentiation of HCC (Yao et al.,
90% and 94%, respectively, for HCC diagnosis but did not 1998, 2000). Heat shock protein (HSP), another promis-
show any correlation with alpha fetoprotein (AFP) levels ing HCC biomarker where its overexpression was found
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to be highly correlated with HCC formation, and is con-
sidered as a vital marker indicating the progression and
aggravation of HCC (Srivastava, 2005). Increased HSP
gp96, member of the HSP90 family, in HCC tumor cells
was closely related to the cell survival by preventing cell
apoptosis. The gp96 expression in HCC tissues was cor-
related with degree of tumor differentiation and tumor
size (Yao et al., 2006). Vascular Endothelial growth factor
(VEGF) was investigated as an angiogenic biomarker in
HCC (Jie et al., 2010) and found to be overexpressed in
peripheral blood of many diseases where it enhanced
angiogenesis (Bottomley et al., 1999; Hojo et al., 2000).

The insulin-like growth factor (IGF) system is com-
posed of IGF-I, IGF-II, and insulin substrates in addi-
tion to their receptors. IGF-1I is a mitogenic polypeptide
hormone that is characterized by being closely related
to insulin (Scharf et al., 2001), is highly expressed in the
fetal liver and early after birth, and is strongly reduced
in adulthood (Li et al., 1996).The IGF axis has important
autocrine, paracrine, and endocrine roles in the promo-
tion of growth and cell biology (Daughaday, 1990) and
thus have been involved in the pathogenesis of several
malignancies (Giovannucci, 1999) including Wilms
tumors, colon (Baghdiguian et al., 1992), lung, breast
(Toropainen et al., 1995), and prostate carcinomas (Chan
et al., 1998), as well as HCC in addition to its important
role as a mediator of proliferation and response to che-
motherapy (Breuhahn et al., 2006). High levels of IGF-II
peptide were detected in primary HCC and dysplastic foci
of HCC bearing liver compared with normal liver tissue
(Fiorentino et al., 1994). IGF-II plays an important role
in neovascularization of HCC through increasing VEGF
mRNA and protein levels as well (Bae et al., 1998).

IGF-I and IGF-II are presumably peptides that are
required for normal fetal, postpubertal growth and are syn-
thesized primarily by the liver (Norstedt et al., 1988; Stuver
et al., 2000). Both exist in a complex form with their bind-
ing protein, insulin-like growth factor binding proteins 1-6
(IGFBPs 1-6), which are responsible for the regulation of
IGFs bioavailability (McCusker et al., 1991). Matrix metal-
loproteinases (MMPs) are proven to act on the IGFBPs and
decrease their bioavailability in the circulation (Cohen
et al.,, 1992), and are regulated by their tissue inhibitor
TIMP-1 (Milani et al., 1994; Benyon et al., 1996). The inter-
actions within the IGF system, MMP, and TIMP were ana-
lyzed in a previous transgenic study. The overexpression
of TIMP-1 led to an increase in IGFBP-3 through inhibi-
tion of their target proteins MMP-9 and MMP-2, therefore
decreasing the IGF-II protein bioavailability (Martin et al.,
1999). IGFBP-3, which is the most abundant IGFBP in the
circulation, often serve to attenuate the effects of IGF at the
receptor level thereby limiting IGF-induced cell growth
and differentiation (Gong et al., 2000). In HCC, IGFBP-3
is lost or underexpressed due to the effect of MMPs and
TIMPs resulting in the direct transcriptional induction and
overexpression of IGF-II (Huynh et al., 2002).

The increase of proteolytic activity of MMP protein and
theimbalance between MMP and TIMP plays a critical role
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in tumor invasion and in metastasis formation (Giannelli
et al., 2002). Moreover, the significantly higher MMP-9/
MMP-2 ratio observed in advanced, inoperable HCC
patients, compared with those in early stage HCC patients,
is useful in distinguishing between early and advanced
stages of HCC (Kuyvenhoven et al., 2003; Yeh et al., 2010).

The regulation of expression of IGF-II was never
examined in the peripheral blood of HCC patients except
in a single qualitative study where the authors observed
the relative mRNA expression of IGF-II in the peripheral
blood of HCC patients but not in the peripheral blood of
healthy controls (Dong et al., 2005).

Ithas been recommended using the appropriate single
tumor marker or combination of other markers in order
to improve the effectiveness in screening of HCC patients
(Qin and Tang, 2004). In this study, we are concerned
with exploring new molecular markers in the peripheral
blood due to the lack of the reliable biomarkers with the
exception of AFP, which is known to be a useful sero-
logical marker for diagnosis of HCC, but it gives false
positive rates up to 40% when used in early diagnosis or
the finding of small size HCC (<3 cm) (Yao et al., 2000).
Recent researches have observed new potential HCC
biomarkers.

Little is known about IGF-1I, MMP-9, and TIMP-1
mRNA expressioninthe peripheralblood of HCC patients.
Since IGF-II potentiates VEGF overexpression (Bae et al.,
1998) that supports further angiogenesis upon their reac-
tivation, evaluating their expression in peripheral blood
could be considered a promising mean of a noninvasive
diagnostic and prognostic biomarkers of HCC.

Patients and methods

Patients

The study group comprised 39 patients with HCC who
were recruited from the Medical Oncology Department,
National Cancer Institute, Cairo, Egypt in addition to 15
normal healthy control subjects who were sero-negative
for both HBsAg and HCV Ab. All patients were recently
diagnosed pretreated patients without exposure to any
previous anticancer therapy at the time of collecting
venous peripheral blood samples. All participants gave
their written informed consent. All patients were sub-
jected to clinical assessment, routine laboratory inves-
tigates (alanine aminotransferase [ALT| and aspartate
aminotransferase [AST]), serum albumin, hepatitis
markers for HBV (HBsAg) and HCV (HCV Ab), and
serum AFP. The diagnosis of HCC was based on histo-
pathological examination of liver biopsies obtained by
needle biopsy. Tissue sections were reviewed and ana-
lyzed for the tumor differentiation (well, moderate, poor)
defined according to Edmondson and Steiner criteria.
Clinical staging according to TNM staging system was
assessed as well. Most of the recruited pretreated HCC
patients (39 nos.) were predominantly males (77%) with
an age ranging from 42 to 70 years. The demographic
and laboratory features of HCC patients are described
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in Table 1. HCC occurred in postviral (HCV and HBV)
liver cirrhosis in 75% of cases. Most of the patients
(74%) had more than one focal lesion as assessed by
ultrasonographic examination with vascular invasion
in few cases (Tables 3 ). Tumor staging revealed stages
I, II, and III, that is, no spread to nearby lymph nodes
or distant sites in 80%, and 20% had stage IV. Relative
quantitative expression of IGF-1I, MMP-2, MMP-9, and
TIMP-1 mRNA were evaluated in peripheral blood of all
HCC patients (39 nos.) and control (15 nos.) groups.

Isolation of total RNA and synthesis of cDNA

Total RNAs was isolated from the whole blood under
sterile conditions using QIAamp RNA Mini Kit (Qiagen,
Germany) following the manufacturer’s instruction. All
the RNA samples have an optical density 260/280 ratio
ranging from 1.81 to 1.875 and 1% agarose gel electro-
phoresis showed two sharp bands of 28S and 18S rRNA,
which confirms good quality of the RNA. RNA samples
of OD 260/280 ratio <1.8 were excluded from the study.
For synthesis of cDNA, 10 pL of total cellular RNA was
reverse-transcribed into single-stranded complementary
DNA (cDNA) using the high-capacity cDNA reverse tran-
scription kit (Qiagen, Germany) according to the manu-
facturer’s instruction. The synthesized cDNA samples
were stored in —20°C until use.

Quantification of gene expression

Relative expression of IGF-II, MMP-2, MMP-9, and TIMP-1
was quantified using TagMan real-time quantitative
polymerase chain reaction and TagMan gene expression
assays, IGF-II (ABI Assay ID: Hs01005963_m1), MMP-9
(ABI Assay ID: Hs00234579_m1), MMP-2 (ABI Assay ID:

Table 1. Characteristic features of hepatocellular carcinoma
(HCC) patients.

Age: mean 56

Sex: male/female 30/9
Aspartate aminotransferase (AST) (U/L) 76.9+54.36
Alanine aminotransferase (ALT) (U/L) 84.8+50.34
Serum albumin (g/dL) 3.1+£0.59
HCV Ab 51%
HBs Ag 24%
Serum AFP (ng/mL) 28.3+14.69
Stages of HCC: I/11/111/IV 14/3/14/8

Hs00234422_m1), TIMP-1 (ABI Assay ID:Hs00171558_
m1%*), and the housekeeping gene GAPDH (ABI Assay ID:
Hs00266705_g1) (Applied Biosystems, Foster City, CA). The
amount of mRNA expression for each parameter of each
sample was normalized relative to the amount of GAPDH,
which represents the housekeeping gene, in the same
sample. The slope values were —3.38 for IGF-II, —-3.4 for
MMP-9, -3.36 for MMP-2, -3.35 for TIMP-1, and -3.36 for
GAPDH. The PCR efficiency was calculated using E=10""
Slope_], Relative expression was calculated using the 2-24¢
method. All PCR reactions including controls were run in
duplicate reactions.

Statistical analysis

Results of gene expression were represented as relative
quantitation (RQ=22¢) value. RQ value reflects the
relative mRNA expression of the studied parameter for
each patient. Due to wide variation in the values, Mann-
Whitney U test (nonparametric) was used to compare
IGF-1I, MMP-2, MMP-9, and TIMP-1 mRNA expression
among different sample groups. One-way analysis of
variance (one-way ANOVA) was used to correlate MMP-9
mRNA expression and tumor staging for each individual
patient. Spearman method of correlation was used to
correlate IGF-II, MMP-9, and TIMP-1 mRNA expression
and serum AFP levels of each individual HCC patient. A
P-value of <0.05 was considered statistically significant.
Analysis was nonparametric and two-tailed and was per-
formed using the GraphPad Prism 5.00 Software.

Results

The quantitative expression of IGF-II, MMP-2, MMP-9,
and TIMP-1 did not show any statistical difference in
reference to the age or gender variation of the recruited
patients. Values are expressed as median; ***P<0.001
and **P<0.01.

Expression of IGF-Il mRNA in peripheral blood of HCC
patients and healthy controls

The relative expression level of IGF-II mRNA was found
to be significantly up-regulated up to 170 folds; in HCC
patients compared with healthy controls, P-value <0.0001
and >54% of HCC patients showed >4-fold increase in
IGF-II expression as shown in Figure 1.

Table 2. Relationship between peripheral blood insulin-like growth factor-1I (IGF-1I), matrix metalloproteinase (MMP)-9, and TIMP-1
mRNA or IGF-1I/TIMP-1 ratio and serum alpha fetoprotein (AFP) level or hepatocellular carcinoma (HCC) stage.

HCC Stages Avg. AFP n Avg. IGF-II° Avg. MMP-9° Avg. TIMP-1 Avg. IGF-1I/TIMP-1°¢
Healthy controls 0.184+0.017 15 1.207+0.28 1.58+0.39 1.421+0.336 1.46+0.387
Stage I 14.69+1.152 14 6.228° £ 2.757 12.4°+1.95 0.55+0.233 110.137°+ 49.03
Stage II 32.3+7.2 3 10.108*+ 3.3 48.83"+9.4 0.269+0.18 2520.4°+2497.8
Stage III 29.5+1.8 14 175.754* + 141.5 447.87" £ 60 0.469+0.14 1403.89¢ + 855.7
Stage IV 51.825+5.3 8 13.46* + 6.39 2984.39" + 462.9 0.265% + 0.099 143.85° + 82.49

2]GF-II mRNA average RQ value of the four HCC Stage groups was correlated to average AFP levels; P = 0.018.

"MMP-9 mRNA average RQ value was correlated to average AFP levels; P < 0.0001.

‘IGF-1I/TIMP-1 average ratio was correlated to average AFP levels; P = 0.048.

4TIMP-1 mRNA average RQ values for Stage III and stage IV groups were correlated with HCC tumor staging; P = 0.0138.

Results are represented as mean+SEM.
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Expression of MMP-9 and MMP-2 mRNA in peripheral
blood of HCC patients and healthy controls

Relative expression of MMP-9 and MMP-2 mRNA was
compared in the peripheral blood of HCC patients and
healthy controls. MMP-9 mRNA expression was signifi-
cantly up-regulated up to 490 folds in peripheral blood
of HCC patients compared with healthy controls; P-value
<0.0001; >56% of HCC patientshad up to 327-fold increase
on MMP-9 expression as demonstrated in Figure 2. On
the other hand, a nonsignificant up-regulation of the
relative expression of MMP-2 mRNA was observed in
HCC patients compared with the healthy control group;
P-value=0.29; only 33.3% of HCC patients had 3-fold
increase of MMP-2 (Figure 3).

Table 3. Tumor stage and size for each individual hepatocellular
carcinoma (HCC) patient.

Case No. HCC tumor stage Tumor size

1 Stage IT1IC Multifocal HCC

2 Stage IV Multifocal HCC

3 Stage IIIB Unifocal mass 8x9 cm
4 Stage IV Unifocal mass 6 x5 cm
5 Stage IITIA Multifocal HCC

6 Stage IV Multifocal HCC

7 Stage IIIA Multifocal HCC

8 Stage IITIA Multifocal HCC

9 Stage II Unifocal mass 1.9x 1.6 cm
10 Stage IV Unifocal mass 6 x6 cm
11 Stage IV Multifocal HCC

12 Stage I Multifocal HCC

13 Stage II Unifocal mass 3x3 cm
14 Stage II Multifocal HCC

15 Stage I Multifocal HCC

16 Stage I Unifocal 1.5x1.5 cm

17 Stage I Unifocal mass 3x3 cm
18 Stage I Unifocal mass 1.8x1.8 cm
19 Stage I Multifocal HCC

20 Stage I Multifocal

21 Stage I Unifocal mass 1.4x 1.6 cm
22 Stage I Multifocal HCC

23 Stage I Unifocal mass 1.8x1.8 cm
24 Stage I Unifocal mass 2x2 cm
25 Stage I Multifocal HCC

26 Stage [ Multifocal HCC

27 Stage IITA Multifocal HCC

28 Stage IT1IC Multifocal HCC

29 Stage IV Unifocal mass 4.7 x5 cm
30 Stage I1IC Unifocal mass 5x5 cm
31 Stage IT1IC Multifocal HCC

32 Stage IV Unifocal mass 5.5x5 cm
33 Stage III Multifocal HCC

34 Stage III Multifocal HCC

35 Stage II Unifocal mass 1.7x1.4 cm
36 Stage IV Multifocal HCC

37 Stage IT1IC Multifocal HCC

38 Stage IIIB Multifocal HCC

39 Stage I1IB Multifocal HCC

© 2011 Informa UK, Ltd.
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Expression of TIMP-1 in peripheral blood of HCC
patients and healthy controls

In the studied 39 HCC patients, the expression of TIMP-1
mRNA was significantly down-regulated (3-fold) compared
with healthy controls; P-value=0.003 as shown in Figure 4.

Correlation between IGF-II, MMP-9, and TIMP-1 and
stages of HCC in peripheral blood of HCC patients and
healthy controls

In the present study, HCC patients were staged according
to the extent of tumor invasion, presence of lymph node
involvement, and metastasis into stages I-IV. IGF-II,
MMP-9, and TIMP-1 expression was determined in the
control group expressed as RQ values.

Expression of IGF-Il mRNA in peripheral blood of
HCC patients and healthy controls
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Figure 1. Relative expression of insulin-like growth factor-II
(IGF-II) mRNA in peripheral blood mononuclear cells (PBMCs)
of hepatocellular carcinoma (HCC) patients and healthy controls.
IGF-II relative expression was significantly up-regulated in HCC
patients as compared with controls (P-value <0.0005). Values are
expressed as median. ***P<0.001. The bar represents the median
value.

Expression of MMP-9 mRNA in peripheral blood of
HCC patients and healthy controls
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Figure 2. Relative expression of matrix metalloproteinase
(MMP)-9 mRNA in peripheral blood mononuclear cells (PBMCs)
of hepatocellular carcinoma (HCC) patients and healthy controls.
MMP-9 relative expression showed a significant up-regulation
in HCC patients as compared with controls (P-value <0.0001).
Values are expressed as median. ***P<0.001. The bar represents
the median value.

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/14/12
For personal use only.

350 H.M. El Tayebi et al.

Levels of IGF-II mRNA expression were not correlated
with the stage of HCC (Supplementary data, Figure 2*)
as well as with IGF-II/TIMP-1 ratio (Supplementary data,
Figure 3*). On the other hand, a positive correlation was
found between MMP-9 RQs (i.e. RQ value reflects the
relative mRNA expression of MMP-9 for each patient)
and the different stages of HCC.

The average RQ value for MMP-9 in the control group
was 2.86 (range 0.13-5.59). The lowest average RQ value
was 12.4 (range 0.14-24.67) demonstrated in patients
with stage I HCC (36% of the 39 HCC patients), which
showed overlap with healthy controls values. An average
value of 48.83 (range 32.55-65.11) and an average value
of 447.87 (range 106.34-789.39) were found in stage II
(7.5% of the 39 HCC patients) and stage III (36% of the 39
HCC patients), respectively. The highest average RQ value
was 2984.39 (range 969.17-4999.61), which was noted in
patients with stage IV (20.5% of the 39 HCC patients) as
shown in Figure 5.

Another positive correlation between TIMP-1 RQs
(i.e. RQ value reflects the relative mRNA expression of
TIMP-1 for each patient) and the different stages of HCC.
The average RQ value for TIMP-1 in the control group was
1.42 (range 0.31-4.4). Stages I and II groups of patients
showed overlap with the control group with average
RQ values of 0.558 (range 0.012-2.83) and 0.26 (range
0.0014-0.6), respectively. Stage III patients had average
RQ value of 0.46 (range 0.004-1.6) and stage IV patients
had average RQ value of 0.26 (range 0.004-0.75) as shown
in Figure 6.

IGF-1I/TIMP-1 mRNA expression in HCC patients and
healthy controls

The ratio of IGF-II/TIMP-1 mRNA expression was cal-
culated to observe whether if there is a correlation that
might explain the regulatory effect of TIMP-1 on IGF-II
(Figure 7). A significant increase of IGF-II/TIMP-1 ratio

Expression of MMP-2 mRNA in peripheral blood of
HCC patients and healthy controls
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Figure 3. Relative expression of MMP-2 mRNA in peripheral
blood mononuclear cells (PBMCs) of hepatocellular carcinoma
(HCC) patients and healthy controls. MMP-2 relative expression
showed a nonsignificant increased expression in HCC patients as
compared with controls (P-value=0.29). Values are expressed as
median. ns=statistically nonsignificant. The bar represents the
median value.

was restrictedly demonstrated in HCC patients and was
not exhibited in the control group; P-value <0.0001. This
finding highlights the relation between the high expres-
sion of IGF-II and down-regulation of TIMP-1.

Correlating IGF-1l, MMP-9, and TIMP-1 mRNA
expression and serum AFP levels

Using Spearman method of correlation, IGF-II mRNA
expression was found to be significantly correlated to
serum AFP levels (i.e. they increase together in each
individual HCC patient); P-value=0.018 as shown in
Figure 8. MMP-9 mRNA expression was even more
significantly correlated to serum AFP levels; P-value
<0.0001 as shown in Figure 9.

TIMP-1 mRNA expression did not show any sort
of correlation with serum AFP levels; P-value=0.69
(Supplementary data, Figure 4%). However, IGF-II/
TIMP-1 ratio showed a significant correlation with AFP
levels; P-value 0.048 as shown in Figure 10; ***P<0.001
and **P<0.01.

Discussion

AFP is well-known to be a useful serological marker for
diagnosis of HCC, but one of its drawbacks is the false
positive rates that reach up to 40% (Yao et al., 2000). Recent
researchers have observed the circulating hepatoma-spe-
cific AFP subfraction, TGF-f1, HS-GGT, as more specific
markers than total AFP level for early diagnosis for HCC
but these are not well-established biomarkers (Yao et al.,
2007). The main concern of our work is to investigate the
IGF axis (IGE IGFBPs, and IGF receptors) due to their role
in the development of HCC (Scharf et al., 2001). IGF-II and
its regulatory proteins the MMP-9, MMP-2, and TIMP-1
were not investigated in the peripheral blood of HCC
except in single study by Dong et al., where they investi-
gated qualitatively the IGF-II expression. IGF-Il mRNA was

Expression of TIMP-1 mRNA in peripheral blood of
HCC patients and healthy controls
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Figure 4. Relative expression of TIMP-1 mRNA in peripheral
blood mononuclear cells (PBMCs) of hepatocellular carcinoma
(HCC) patients and healthy controls. TIMP-1 relative expression
was significantly down-regulated in HCC patients as compared
with controls (P-value=0.003). Values are expressed as median.
*##*¥P<0.001. The bar represents the median value.
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Direct proportionality between Relative MMP-9
overexpression and HCC tumor stage
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Figure 5. Correlation between MMP-9 RQ values and staging of
hepatocellular carcinoma (HCC) patients. A direct proportionality
has been observed between MMP-9 RQs expression and HCC
stage. MMP-9 RQ values significantly increased in a linear
manner with the staging as the tumor staging progress. Healthy
controls showed a wide overlap with 14 HCC patients of stage I.
MMP-9 expression was significantly higher in stage IV compared
with healthy controls, stage I, stage II, and stage II, respectively
(***P<0.0001). Highest RQ values were found in eight HCC
patients with stage IV HCC. Values are expressed as median.
%P <0.001.

only detected in HCC peripheral blood and showed no
amplification in other patients with benign liver diseases,
extrahepatic tumors and healthy controls. In addition,
circulating IGF-II was found to be significantly higher in
HCC peripheral blood compared with patients with liver
cirrhosis and chronic hepatitis (Dong et al., 2005).

In this study, we analyzed several molecular targets
in the peripheral blood that may serve as molecular bio-
markers for HCC prognosis and diagnosis. First, we ana-
lyzed the expression profile of IGF-II, which is normally
expressed in fetal life and highly re-expressed during
hepatocarcinogenesis (Kiess et al., 1994), as well as MMP
and TIMP relative expression in 39 patients with HCC.

IGF-II mRNA was significantly overexpressed in
peripheral blood of HCC patients compared with the
healthy control group. A frequency of 54% of the HCC
patients demonstrated >4-fold expression of IGF-IImRNA
(shown in Figure 1). In contrast to the previous study by
Dong et al. (2005), they found the frequency of circulat-
ing IGF-II mRNA was demonstrated in 34.2% in periph-
eral blood mononuclear cells (PBMCs) of HCC patients
(Dong et al., 2005). Moreover, our finding showed a basal
level of IGF-II mRNA expression in healthy controls,
which also contradicts the same previous study (Dong
et al., 2005) where Dong et al. showed no IGF-II expres-
sion in normal PBMCs. In addition, our study shows no
correlation between the expression pattern of IGF-II
mRNA and the clinical staging. On the other hand, IGF-II
mRNA expression showed a significant correlation with
serum AFP levels, P-value=0.018 (Figure 8).

© 2011 Informa UK, Ltd.
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Direct proportionality between relative TIMP-1
downregulation and HCC tumor stage
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Figure 6. Direct proportionality between relative TIMP-1 down-
regulation and hepatocellular carcinoma (HCC) tumor stage.
A direct relationship has been observed between TIMP-1 RQs
expression and HCC stage. TIMP-1 RQ values significantly
increased in a linear manner starting from stage III with the
staging as the tumor staging progress. Healthy controls showed a
wide overlap with 14 HCC patients of stage I, three HCC patients
of stage II. TIMP-1 expression was significantly lower in stages
III and IV compared with healthy controls (*P-value=0.0138).
Values are expressed as median. The bar represents the median
value.

IGF-Il mRNA expression to TIMP-1 relative mRNA expression
ratio in peripheral blood of HCC patients and healthy controls
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Figure 7. Insulin-like growth factor-II (IGF-II)/TIMP-1 mRNA
expression in hepatocellular carcinoma (HCC) patients and
healthy controls. Significant increase in the IGF-1I/TIMP-1
ratio was obvious in HCC patients and was not exhibited in the
control group (P-value <0.0001). Values are expressed as median.
*#¥P<0.001. The bar represents the median value.

Special interest has been devoted to the proteolytic
MMP family, especially MMP-2 and MMP-9 and their tis-
sue inhibitors, TIMP-1 with special concern during devel-
opment of HCC. This is partly attributed to their ability to
degrade type IV collagen, the major structural component
of ECM, their role in cellular invasion, and thus the meta-
static potential of tumor cells (Curran and Murray, 1999).
Furthermore, TIMPs are capable of inhibiting invasion,
metastasis, and angiogenesis, which are promoted by IGF
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Correlating IGF-Il mRNA peripheral blood levels
and Serum AFP levels
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Figure 8. Correlating insulin-like growth factor-II (IGF-II) mRNA
peripheral blood levels and serum AFP levels using Spearman
nonparametric method of correlation, serum AFP levels are
significantly correlated to IGF-II mRNA pattern of expression
(*P-value =0.018). The bar represents the median value.

Correlating MMP-9 mRNA peripheral blood levels
and Serum AFP levels
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Figure 9. Correlating MMP-9 mRNA peripheral blood levels and
serum AFP levels using Spearman nonparametric method of
correlation, serum AFP levels are highly significantly correlated
to MMP-9 mRNA pattern of expression; (***P-value <0.0001).
*#%¥P<0.001. The bar represents the median value.

and thus the combined outcome of TIMP-1 elevation may
be to suppress multiple stages of tumor development and
progression (Martin et al., 1999). MMP-2 and MMP-9 and
their tissue inhibitors, TIMPs mRNA expressions were not
frequently investigated in the peripheral blood expect
once in peripheral mononuclear leukocytes of chronic
active hepatitis C patients (CAH) by Lichtinghagen et al.
(2000) using RT-PCR where they reported an elevation in
MMP-9 and lowering of TIMP-1 mRNA expression of CAH
patients but they never studied in HCC peripheral blood.
Moreover, the significance of MMP-9 expression
in HCC was previously verified and was found to be a
predictor of HCC invasiveness, recurrence, and metastasis
but in HCC liver tissues not in HCC peripheral blood (Sun
et al., 2005; Zhang et al., 2006). Circulating MMP-9 was

Correlating IGF-Il/TIMP-1 ratio and Serum AFP levels
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Figure 10. Correlating insulin-like growth factor-II (IGF-1I)/
TIMP-1 mRNA peripheral blood levels and serum AFP levels using
Spearman nonparametric method of correlation, serum AFP
levels are significantly correlated to IGF-1I/TIMP-1 ratio (*P-value
0.048). The bar represents the median value.

found to be up-regulated in HCC patients compared with
healthy controls. In contrast, serum MMP-2 showed no
significant difference in serum levels of HCC patients and
healthy controls (Yeh et al., 2010). HCC with advanced
stages, that is, with capsular infiltration (Arii et al., 1996)
and macroscopic portal vein invasion (M&4tta et al., 2000)
demonstrated stronger expression of MMP-9 RNA as well
as more expression was relevant to the degree of dysplasia
(Hayasaka et al., 1996). Furthermore, positive association
between MMP-9 expression in the liver and histopathol-
ogy parameters that indicate poor prognosis were demon-
strated reflecting the predictive poor prognostic outcome
with MMP-9 high staining percentage in HCC (Nart et al.,
2010). In a previous study to assess the role of plasma
MMP-9 in assessing and monitoring of HCC patients, the
tumor size, grade of histological differentiation, serum
AFP levels, or the application of any effective treatment for
HCC were not related to MMP-9 (Murawaki et al., 2000).
In contrast, our study shows significant MMP-9 mRNA
up-regulation in most of the peripheral blood of the HCC
patients compared with healthy controls; P-value <0.0001
(Figure 2). Moreover, these levels were significantly cor-
related with the stage of HCC. The degree/extent of the
MMP-9 overexpression was represented as RQ value. The
value of each individual patient was directly proportional
to the stages of HCC. The highest RQ values were shown in
stage IV, whereas the extremely low values were observed
in stage I HCC revealing a wide overlap and comparable
values between healthy controls and stage | HCC patients
(shown in Figure 5). This direct relationship between the
MMP-9 expression levels and the tumor staging might
rely on the fact that MMP-9 is involved in collagen break-
down found in the cell membrane of the peripheral blood
cells and thus tumor spread (Lichtinghagen et al., 2000).
In addition to a highly significant correlation between
MMP-9 mRNA expression and serum AFP levels; P-value
<0.0001 (Figure 9).

Biomarkers

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/14/12
For personal use only.

In contrast to the significant up-regulation of MMP-9,
our results demonstrated a nonsignificant up-regulation
of MMP-2 mRNA expression (shown in Figure 3) in the
HCC patients, which can be explained depending on the
fact that MMP-2 mRNA is found almost exclusively in the
liver, whereas MMP-9 mRNA is more expressed in leuko-
cytes (Lichtinghagen et al., 2000).

The expression of TIMP-1 mRNA in liver tissues of HCC
was significantly (P<0.00001) up-regulated compared
with the corresponding non-neoplastic liver (Ylisirnio
et al., 2001) and TIMP-1 concentration was significantly
correlated with the grades of differentiation, showing
higher levels in poorly differentiated than in well and
moderately differentiated HCCs; P-values <0.01 and
<0.02, respectively (Matsumoto et al., 2004). Thus, lower
grades of HCCs differentiation, stronger potential of
growth, invasion, and metastasis were evident by TIMP-1
overexpression (Zhu et al., 1998), which was not previ-
ously shown in peripheral blood.

The potential involvement of TIMP-1 in the develop-
ment of HCC was demonstrated in our study by the sig-
nificant down-regulation of TIMP-1 with P-value=0.003
in the peripheral blood of HCC patients (shown in
Figure 4). In addition to significant elevation in IGF-1I/
TIMP-1 ratio in HCC patients compared with healthy
controls highlighting the relation between the high
expression of IGF-II and down-regulation of TIMP-1
needs further investigation. TIMP-1 mRNA pattern of
expression did not show any correlation with serum AFP
levels (Supplementary data, Figure 4%). However, IGF-11/
TIMP-1 ratio was significantly correlated to serum AFP
levels (Figure 10). In addition, TIMP-1 mRNA expression
was significantly correlated with stages III and IV of HCC
with P-value=0.0138 as shown in Figure 6.

Elevated TIMP-1 mRNA expression was found in HCC
tumor tissues (Matsumoto et al., 2004). This could be
explained that expression of certain genes might differ
from one organ to another, for example, MMP-9 was found
to be exclusively expressed in peripheral blood cells and
barely detected in liver tissues; however, MMP-2 showed
the opposite where it was strongly detected in liver tis-
sues and not in peripheral blood of cirrhotic patients
(Lichtinghagen et al., 2000).

In conclusion, significant up-regulation of IGF-II as
well as MMP-9 mRNA expression was found in peripheral
blood of HCC patients compared with healthy controls.
MMP-2 mRNA expression did not show a significant
increase; however, there was a tendency of increase in
the peripheral blood of HCC patients compared with
healthy controls. MMP-9 relative expression and tumor
staging showed a significantly positive correlation with
direct proportionality between increased MMP-9 expres-
sion and the increase in staging of HCC. In addition,
TIMP-1 relative expression showed a direct relation with
HCC tumor stages III and IV. These results highlight the
importance of IGF-II, MMP-9, and TIMP-1 as predictive
prognostic molecular markers for HCC.

© 2011 Informa UK, Ltd.

Expression of IGF-Il, MMPs, and their tissue inhibitors 353

Declaration of interest

The authors report no conflict of interest. The authors
alone are responsible for the content and writing of the
article.

References

Arii S, Mise M, Harada T, Furutani M, Ishigami S, Niwano M,
Mizumoto M, Fukumoto M, Imamura M. (1996). Overexpression
of matrix metalloproteinase 9 gene in hepatocellular carcinoma
with invasive potential. Hepatology 24:316-322.

Bae MH, Lee M], Bae SK, Lee OH, Lee YM, Park BC, Kim KW. (1998).
Insulin-like growth factor II (IGF-II) secreted from HepG2 human
hepatocellular carcinoma cells shows angiogenic activity. Cancer
Lett 128:41-46.

Baghdiguian S, Verrier B, Gerard C, Fantini J. (1992). Insulin like
growth factor I is an autocrine regulator of human colon cancer
cell differentiation and growth. Cancer Lett 62:23-33.

Benyon RC, Iredale JP, Goddard S, Winwood PJ, Arthur M]J.
(1996). Expression of tissue inhibitor of metalloproteinases
1 and 2 is increased in fibrotic human liver. Gastroenterology
110:821-831.

Bottomley MJ, Webb NJ, Watson CJ, Holt PJ, Freemont A]J, Brenchley
PE. (1999). Peripheral blood mononuclear cells from patients with
rheumatoid arthritis spontaneously secrete vascular endothelial
growth factor (VEGF): specific up-regulation by tumour necrosis
factor-alpha (TNF-alpha) in synovial fluid. Clin Exp Immunol
117:171-176.

Breuhahn K, Longerich T, Schirmacher P. (2006). Dysregulation of
growth factor signaling in human hepatocellular carcinoma.
Oncogene 25:3787-3800.

Chan JM, Stampfer MJ, Giovannucci E, Gann PH, Ma J, Wilkinson P,
Hennekens CH, Pollak M. (1998). Plasma insulin-like growth factor-I
and prostate cancer risk: a prospective study. Science 279:563-566.

Cohen P, Graves HC, Peehl DM, Kamarei M, Giudice LC, Rosenfeld RG.
(1992). Prostate-specific antigen (PSA) is an insulin-like growth
factor binding protein-3 protease found in seminal plasma. J Clin
Endocrinol Metab 75:1046-1053.

Curran S, Murray GIL. (1999). Matrix metalloproteinases in tumour
invasion and metastasis. j Pathol 189:300-308.

Daughaday WH. (1990). The possible autocrine/paracrine and
endocrine roles of insulin-like growth factors of human tumors.
Endocrinology 127:1-4.

Dong ZZ. (2006). Expressions of hepatoma and circulating TGF-b1-
mRNA and its clinical values in diagnosis of patients with liver
cancer. J Gastroenterol Hepatol 21.

Dong ZZ, Yao DF, Yao DB, Wu XH, Wu W, Qiu LW, Jiang DR, Zhu JH,
Meng XY. (2005). Expression and alteration of insulin-like growth
factor II-messenger RNA in hepatoma tissues and peripheral blood
of patients with hepatocellular carcinoma. World J Gastroenterol
11:4655-4660.

Fiorentino M, Grigioni WE Baccarini P, D’Errico A, De Mitri MS, Pisi E,
Mancini AM. (1994). Different in situ expression of insulin-like growth
factor type II in hepatocellular carcinoma. An in situ hybridization
and immunohistochemical study. Diagn Mol Pathol 3:59-65.

Giannelli G, Bergamini C, Marinosci F, Fransvea E, Quaranta M,
Lupo L, Schiraldi O, Antonaci S. (2002). Clinical role of MMP-2/
TIMP-2 imbalance in hepatocellular carcinoma. Int J Cancer
97:425-431.

Giovannucci E. (1999). Insulin-like growth factor-I and binding
protein-3 and risk of cancer. Horm Res 51 (Suppl 3):34-41.

GongY, Cui L, Minuk GY. (2000). The expression of insulin-like growth
factor binding proteins in human hepatocellular carcinoma. Mol
Cell Biochem 207:101-104.

Hayasaka A, Suzuki N, Fujimoto N, Iwama S, Fukuyama E,
Kanda Y, Saisho H. (1996). Elevated plasma levels of matrix

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/14/12
For personal use only.

354 H.M. El Tayebi et al.

metalloproteinase-9 (92-kDa type IV collagenase/gelatinase B) in
hepatocellular carcinoma. Hepatology 24:1058-1062.

Hojo Y, Ikeda U, Zhu Y, Okada M, Ueno S, Arakawa H, Fujikawa H,
Katsuki T, Shimada K. (2000). Expression of vascular endothelial
growth factor in patients with acute myocardial infarction. ] Am
Coll Cardiol 35:968-973.

Huynh H, Chow PK, Ooi LL, Soo KC. (2002). A possible role for insulin-
like growth factor-binding protein-3 autocrine/paracrine loops
in controlling hepatocellular carcinoma cell proliferation. Cell
Growth Differ 13:115-122.

Jie S, Li H, Tian Y, Guo D, Zhu J, Gao S, Jiang L. (2010). Berberine
inhibits angiogenic potential of Hep G2 cell line through VEGF
down-regulation in vitro. ] Gastroenterol Hepatol 26:179-185.

Kiess W, Yang Y, Kessler U, Hoeflich A. (1994). Insulin-like growth
factor II (IGF-II) and the IGF-II/mannose-6-phosphate receptor:
the myth continues. Horm Res 41 (Suppl 2):66-73.

Kuyvenhoven JP, van Hoek B, Blom E, van Duijn W, Hanemaaijer R,
Verheijen JH, Lamers CB, Verspaget HW. (2003). Assessment of the
clinical significance of serum matrix metalloproteinases MMP-2
and MMP-9 in patients with various chronic liver diseases and
hepatocellular carcinoma. Thromb Haemost 89:718-725.

Li X, Cui H, Sandstedt B, Nordlinder H, Larsson E, Ekstrém TJ. (1996).
Expression levels of the insulin-like growth factor-1I gene (IGF2)
in the human liver: developmental relationships of the four
promoters. J Endocrinol 149:117-124.

Lichtinghagen R, Huegel O, Seifert T, Haberkorn CI, Michels D,
Flemming P, Bahr M, Boeker KH. (2000). Expression of matrix
metalloproteinase-2 and -9 and their inhibitors in peripheral blood
cells of patients with chronic hepatitis C. Clin Chem 46:183-192.

Maiéttd M, Soini Y, Liakka A, Autio-Harmainen H. (2000). Differential
expression of matrix metalloproteinase (MMP)-2, MMP-9,
and membrane type 1-MMP in hepatocellular and pancreatic
adenocarcinoma: implications for tumor progression and clinical
prognosis. Clin Cancer Res 6:2726-2734.

Martin DC, Fowlkes JL, Babic B, Khokha R. (1999). Insulin-like
growth factor II signaling in neoplastic proliferation is blocked by
transgenic expression of the metalloproteinase inhibitor TIMP-1. J
Cell Biol 146:881-892.

Matsumoto E, Nakatsukasa H, Nouso K, Nakamura SI, Suzuki M,
Kobayashi Y, Uemura M, Sato S, Yumoto EI, Yokoyama J, Tsuboi
S, Tanaka H, Takuma Y, Fujikawa T, Shiratori Y. (2004). Elevated
levels of tissue inhibitor of metalloproteinases (TIMPS) in human
hepatocellular carcinomas. Comp Hepatol 3 Suppl 1:S51.

McCusker RH, Busby WH, Dehoff MH, Camacho-Hubner C,
Clemmons DR. (1991). Insulin-like growth factor (IGF) binding
to cell monolayers is directly modulated by the addition of IGF-
binding proteins. Endocrinology 129:939-949.

Milani S, Herbst H, Schuppan D, Grappone C, Pellegrini G, Pinzani
M, Casini A, Calabré A, Ciancio G, Stefanini E. (1994). Differential
expression of matrix-metalloproteinase-1 and -2 genes in normal
and fibrotic human liver. Am J Pathol 144:528-537.

Murawaki Y, Ikuta Y, Okamoto K, Mimura K, Koda M, Kawasaki
H. (2000). Plasma matrix metalloproteinase-9 (gelatinase B) in
patients with hepatocellular carcinoma. Res Commun Mol Pathol
Pharmacol 108:351-357.

Nart D, Yaman B, Yilmaz F, Zeytunlu M, Karasu Z, Kili¢ M. (2010).
Expression of matrix metalloproteinase-9 in predicting prognosis
of hepatocellular carcinoma after liver transplantation. Liver
Transpl 16:621-630.

Norstedt G, Levinovitz A, Moller C, Eriksson LC, Andersson G. (1988).
Expression of insulin-like growth factor I (IGF-I) and IGF-II mRNA
during hepatic development, proliferation and carcinogenesis in
the rat. Carcinogenesis 9:209-213.

Qin LX, Tang ZY. (2004). Recent progress in predictive biomarkers
for metastatic recurrence of human hepatocellular carcinoma: a
review of the literature. J Cancer Res Clin Oncol 130:497-513.

Scharf JG, Dombrowski F Ramadori G. (2001). The IGF axis and
hepatocarcinogenesis. MP, Mol Pathol 54:138-144.

Srivastava PK. (2005). Immunotherapy for human cancer using heat
shock protein-peptide complexes. Curr Oncol Rep 7:104-108.

Stuver SO, Kuper H, Tzonou A, Lagiou P, Spanos E, Hsieh CC,
Mantzoros C, Trichopoulos D. (2000). Insulin-like growth factor 1
in hepatocellular carcinoma and metastatic liver cancer in men.
Int ] Cancer 87:118-121.

Sun MH, Han XC, Jia MK, Jiang WD, Wang M, Zhang H, Han G, Jiang
Y. (2005). Expressions of inducible nitric oxide synthase and
matrix metalloproteinase-9 and their effects on angiogenesis and
progression of hepatocellular carcinoma. World J Gastroenterol
11:5931-5937.

Toropainen EM, Lipponen PK, Syrjanen KJ. (1995). Expression of
insulin-like growth factor II in female breast cancer as related to
established prognostic factors and long-term prognosis. Anticancer
Res 15:2669-2674.

Yao D, Jiang D, Huang Z, Lu J, Tao Q, Yu Z, Meng X. (2000). Abnormal
expression of hepatoma specific gamma-glutamyl transferase
and alteration of gamma-glutamyl transferase gene methylation
status in patients with hepatocellular carcinoma. Cancer
88:761-769.

Yao DF. (2006). Abnormal expression of transforming growth factor-
betal in hepatocellular carcinoma and pathological characteristics
of its relationship with HBV replication. J Gastroenterol Hepatol 21.

Yao DE, Dong ZZ, Yao M. (2007). Specific molecular markers in
hepatocellular carcinoma. Hbpd Int 6:241-247.

Yao DF, HuangZW, Chen SZ, HuangJF, LuJX, Xiao MB, MengXY. (1998).
Diagnosis of hepatocellular carcinoma by quantitative detection of
hepatoma-specific bands of serum gamma-glutamyltransferase.
Amj Clin Pathol 110:743-749.

Yao DE, Wu XH, Su XQ, Yao M, Wu W, Qiu LW, Zou L, Meng XY.
(2006). Abnormal expression of HSP gp96 associated with HBV
replication in human hepatocellular carcinoma. Hbpd Int
5:381-386.

Yeh HC, Lin SM, Chen MF, Pan TL, Wang PW, Yeh CT. (2010). Evaluation
of serum matrix metalloproteinase (MMP)-9 to MMP-2 ratio as a
biomarker in hepatocellular carcinoma. Hepatogastroenterology
57:98-102.

Ylisirni6é S, Héyhtyd M, Mékitaro R, Pddakko P, Risteli J, Kinnula VL,
Turpeenniemi-Hujanen T, Jukkola A. (2001). Elevated serum levels
of type I collagen degradation marker ICTP and tissue inhibitor of
metalloproteinase (TIMP) 1 are associated with poor prognosis in
lung cancer. Clin Cancer Res 7:1633-1637.

Zhang Q, Chen X, Zhou J, Zhang L, Zhao Q, Chen G, Xu J, Qian E
Chen Z. (2006). CD147, MMP-2, MMP-9 and MVD-CD34 are
significant predictors of recurrence after liver transplantation in
hepatocellular carcinoma patients. Cancer Biol Ther 5:808-814.

Zhu N, Khoshnan A, Schneider R, Matsumoto M, Dennert G, Ware
C, Lai MM. (1998). Hepatitis C virus core protein binds to the
cytoplasmic domain of tumor necrosis factor (TNF) receptor 1 and
enhances TNF-induced apoptosis. J Virol 72:3691-3697.

Biomarkers

RIGHTS LI MN Kiy



	Expression of insulin-like growth factor-II, matrix metalloproteinases, and their tissue inhibitors as predictive markers in the peripheral blood of HCC patients
	Abstract
	Introduction
	Patients and methods
	Patients
	Isolation of total RNA and synthesis of cDNA
	Quantification of gene expression
	Statistical analysis

	Results
	Expression of IGF-II mRNA in peripheral blood of HCC patients and healthy controls
	Expression of MMP-9 and MMP-2 mRNA in peripheral blood of HCC patients and healthy controls
	Expression of TIMP-1 in peripheral blood of HCC patients and healthy controls
	Correlation between IGF-II, MMP-9, and TIMP-1 and stages of HCC in peripheral blood of HCC patients and healthy controls
	IGF-II/TIMP-1 mRNA expression in HCC patients and healthy controls
	Correlating IGF-II, MMP-9, and TIMP-1 mRNA expression and serum AFP levels

	Discussion
	Declaration of interest
	References


