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/Abstract A

Background and Aim: HCV and hepatocellular carcinoma is increasing among the world. According to this regard, serum
matrix metalloproteinase 7 in patients with hepatocellular carcinoma and chronic hepatitis C without hepatic focal lesions,
was evaluated aiming to find any clinical usefulness for it as a new non- invasive diagnostic and/or prognostic bio marker.

Methods: This current study conducted on 90 participants; group 1 included 30 patients with HCV related chronic liver
disease; group 2 included 30 HCV related hepatocellular carcinoma patients in early stages (BCLC 0 and BCLC A) and
group 3 included 30 HCV related hepatocellular carcinoma patients in late stages (BCLC C and BCLC D). All medical and
laboratory assessment including viral hepatitis markers, AFP and quantitative measurement of MMP-7 by enzyme-linked
immunosorbent assay (ELISA) was done.

Results: This study revealed that HCC cases were statistically significantly higher (p<0.05) in elderly patients, as well in
males than females. Both serum AFP and MMP-7 were highly statistically significantly increased (p<0.000) in HCC patients
than CLD patients. Moreover, they were both statistically significantly higher (p<0.05) in late HCC group than early HCC.
Performing the receiver operating characteristic curve (ROC) revealed that the best cut off for AFP and MMP-7 in prediction
of HCC, was >60ng/mL and >5.97 ng/mL respectively. On the other hand the best cut off value was>152.2ng/mL and >7.86
ng/mL for AFP and MMP-7 respectively in prediction of late HCC. Finally, the combination of both AFP and MMP-7 for
prediction of late HCC has increased sensitivity of MMP-7.

Conclusion: Serum MMP-7 may be a potential diagnostic and prognostic marker for HCC.
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Matrix Metalloproteinases (MMPs) are zinc-containing en-
dopeptidases and they are considered the main degrading enzymes
of extracellular matrix proteins and basement membranes [5].

Hepatocellular Carcinoma (HCC) is the fifth most common
cancer worldwide and the third leading cause of cancer-related

mortality [1].
In various cancers, MMPs degrade the ECM (extracellular

matrix) and thus involved in the invasion and metastasis of cancer
cells. It is believed that MMP-9 degrades type IV collagen, which
is a major constituent of the basement membrane and thus is the
Alpha-fetoprotein (AFP) which is the golden marker for first step in cancer cell invasion and metastasis [6].

In Egypt, the annual proportion of HCC showed a significant
rising trend from 4.0% in 1993 to 7.2% in 2002 [2]. Nowadays,
Egypt has the highest prevalence of HCV in the world [3].
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The MMPs reported to be over-expressed in many types of
human malignant tumors including HCC and have been shown to
participate in tumor invasion and the metastatic processes [7].

The purpose of this study was toevaluate serum matrix met-
alloproteinase 7 in patients with hepatocellular carcinoma and
chronic hepatitis C without hepatic focal lesions, aiming to find
its clinical usefulness as a new non- invasive novel diagnostic and
prognostic marker for HCC.

Materials and Methods

This pilot cross sectional study was conducted between
Tropical Medicine Department, Medical Biochemistry Depart-
ment, and the outpatient HCC clinic, Faculty of Medicine, Ain
Shams University Hospitals after approval from the Research and
Ethics Committee of Ain Shams University was obtained in ac-
cordance with local research governance requirements. This study
was performed in accordance with the 1964 Declaration of Hel-
sinki and all subsequent revisions.

This study was conducted on 90 participants who were di-
vided into 3 groups: Group A: included 30 patients with HCV re-
lated chronic liver disease. Group B: included 30 HCV related he-
patocellular carcinoma patients in early stages (BCLC 0, A) Group
C: included 30 HCV related hepatocellular carcinoma patients in
late stages (BCLC C, D). Patients were classified into BCLC ac-
cording to EASL guidelines.

Inclusion Criteria

The study included patients with chronic hepatitis C and
hepatocellular carcinoma. Patients in all groups were subjected
to full history taking, thorough clinical examination and labora-
tory investigations including (complete blood picture, ESR, liver
function tests, kidney function, hepatitis viral markers and alfa fe-
toprotein, MMP-7 assay by ELISA kit), together with abdominal
Ultrasonography (US) and triphasic spiral Computed Tomography
(CT). HCC patients were diagnosed and classified according to
AASLD Practice Guidelines [7].

Exclusion Criteria

Other etiologies of chronic liver disease (e.g. chronic hepa-
titis B CHB, autoimmune hepatitis...), intermediate stage HCC
(BCLC B), previously treated HCC and refusal to participate in
the current study.

Sample collection and processing

5 mL of venous blood was withdrawn from each partici-
pant under complete aseptic conditions in a Serum Separator Tube
(SST); the sample was left at room temperature for 30-60 minutes
for spontancous clotting then serum was separated by centrifuga-
tion at 3000 rpm for 10 minutes. Serum samples were kept frozen
at -80°C until used for quantitative measurement of MMP-7.

Quantitative measurement of MMP-7 in serum

The quantitative determination of serum- MMP-7 was done
by enzyme-linked immunoassay using the commercially available
ELISA kit supplied by Quantikine (Minneapolis, MN, USA). ELI-
SA was performed according to the manufacturer’s instructions.
Briefly, this assay employs the quantitative sandwich Enzyme
Linked Immunoassay (ELISA) technique. A monoclonal antibody
specific for MMP-7 has been pre-coated onto a microplate. Stan-
dards and samples were pipetted into the wells and so, the immo-
bilized antibody binds the MMP-7. After washing away unbound
substances, an enzyme-linked polyclonal antibody was added to the
wells. Then, another wash was done to remove any unbound anti-
body—enzyme reagent. Next, a substrate solution was added to the
wells and color developed in proportion to the amount of MMP-7
bound in the initial step. The color development was stopped and
the intensityof the color was measured within 30 minutes; using
a microplate reader set to 450 nm against zero standard optical
density. Wavelength correction set to 540 nm or 570 nm was done.
The MMP-7 concentration was calculated from the best drawn
standard curve. The data were linearized by using log/log curve.

Statistical Analysis

All analysis was performed using the Statistical Package for
Social Science (IBM SPSS) version 20. The data were expressed
as quantitative data (mean, standard deviations and ranges) The
comparison between two independent groups with quantitative
data and parametric distribution were done by using Independent
t-test. The data were expressed as qualitative data (number and
percentages). Chi-square analysis was used in the comparison be-
tween two groups with qualitative data and Fisher exact test was
used instead of the Chi-square test when the expected count in any
cell found less than 5. Variables were cross-tabulated in all pos-
sible combinations against each other find any associations. The
comparison between two groups with non-parametric data was
done by using Mann-Whitney test. Receiver operating character-
istic curve was used to assess the best cut off point of MMP-7
and AFP with its sensitivity, specificity, Positive Predictive Value
(PPV) and Negative Predictive Value (NPV) in prediction of HCC
and late HCC. The confidence interval was set to 95% and the mar-
gin of error accepted was set to 5%. So, the p-value was considered
if > 0.05: Non significant (NS), while if <0.05: Significant (S) and
if <0.01: Highly Significant (HS).

Results

This study revealed that 73.3% of HCC cases were males
with significant statistical p value <0.05. The age of patients
ranged from 52-68 years, with a significant statistical (p<0.05) as-
sociation of higher mean age in years (60.35+7.74) for HCC cases
than CLD. 26.7 % of HCC patients were smokers in comparison to
6.7% in CLD group, history of dental procedures was higher in the
HCC group (33.3%) than CLD group (6.7%) (Table 1).
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CLD HCC Mann-Whitney test

No. =30 No. =60 Z p-value
AFP(ng/ mL) Median (IQR) 8(3.3-16) 37.6 (11.55 - 279.5) 4.468 0.000*
MMP-7(ng/mL) | Median (IQR) 3.13(2.5-4.7) 4.95 (3.4 - 8.55) 3.676 0.000"
“p value= Highly statistically significant <0.001

Table 2: Comparison between CLD and HCC Patients Regarding Alpha-Fetoprotein (AFP) and Matrix Metalloproteinase 7(MMP-7).
AFP level was statistically significantly higher (p<0.05) in late HCC group than early HCC with a median of (240.5 ng/mL) and

(25.15ng/mL) respectively (Table 3).

Early HCC Late HCC Mann-Whitney test

No. =30 No. =30 Z p-value
AFP(ng/mL) Median (IQR) 25.15(7.6 -73) 240.5 (16.2 - 523) 2.757 0.006
MMP-7(ng/mL) Median (IQR) 4.01(2.94-1.5) 7.13 (3.88-10.1) 2.462 0.014"
“p-value: Statistically significant <0.05

Table 3: Comparison between Early HCC Patients and Late HCC Patients Regarding Alpha Fetoprotein (AFP) and Matrix Metalloproteinase 7(MMP-7)

ROC curve analysis was performed to assess the diagnostic perfor-
mance of AFP in the discrimination of HCC patients from patients
with CLD which showed that the best cut off value was an AFP
level >60 ng/mL with AUC=0.790, sensitivity was 48.3%, speci-
ficity was 100%, positive predictive value was 100% and negative
predictive value was 49%. (Figurel).

o bl ac o] 80 wo
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Cut off point AUC Sensithity Specificity [ +PV | .PV
% % % %
pMP-7 =597 * 0.739 4333 93.33 929 | 452
JuFP =60 " 0790 48.33 100.00 | 100.0 | 49.2
= tion- 0.835 65.67 93.33 952 1583

Figure 1: Receiver operating characteristic curve (ROC) for MMP7 and
AFP best cutoff( s) in prediction of HCC group.

At that at a cut off value 200, sensitivity and specificity of AFP for
detection of late HCC was 53.3% and 93.3% respectively. While at
a cut off value 400, sensitivity and specificity of AFP for detection
of HCC was 20% and 100% respectively (Table 4).

AFP Early HCC Late HCC Chi-square test
No. % No. % X2 p-value

<200 28 93.3% 14 46.7%

>200 2 6.7% 16 53.3% 15.556 0.000

<400 28 93.3% 20 66.7% 6.667 0.010

>400 2 6.7% 10 33.3%

Total 30 100.0% 30 100.0%

In the current study,the ROC curve for AFP in prediction
of late HCC showed the best cut off value was >152.2, with
AUC=0.707, sensitivity 53,3%, specificity 93.3%, PPV 88.9% and
NPV 66.7%. (Figure 2).

The ROC curve for the level of MMP-7 was significantly
higher in HCC patients with a median of (4.95 ng/mL) in compari-
son with CLD patients with a median of (3.13 ng/mL) (Table 2).
Moreover, the ROC curve for MMP7 in prediction of HCC group
showed that the best cut off value was >5.97 ng/mL with area un-
der the curve(AUC) 0.739, sensitivity 43.3%, specificity 93.3%,
PPV 92.9% and NPV 45.2%. (Figure 1).

Also MMP-7 level was found to be higher in the late HCC
group than the early HCC group with a median of (7.13 ng/mL)
and (4.01 ng/mL) respectively (Table 3). Moreover, the ROC curve
for MMP7 in prediction of late HCC group showed that the best
cut off value was >7.86 ng/mL with area under the curve (AUC) =
0.685, sensitivity 46.6%, specificity 83.3%, PPV =73.7% and NPV
=61%. (Figure 2).

100-Specificity
Cutofipoint  [Auc| Seesitivty | Specificity <PV | -Fv
uMp-7 | >7.86 |oses| 4667 83133 737|610
AFP___|-isazjoror| 5333 9333 869667
Combination |- [0.778] 7000 8000 778|727

Figure 2: Receiver Operating Characteristic Curve (ROC) For MMP-7 and AFP
In Prediction of Late HCC Group.
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The combination of both AFP and MMP-7 for prediction
of HCC has increased the sensitivity of MMP-7 from 43.33% to
66.67%. (Figure 1) In addition, the combination of both AFP and
MMP-7 for prediction of late HCC has increased sensitivity of
MMP-7 from 46.6 % to 70%. (Figure 2).

Discussion

HCC is the fifth most common cancer and is the third lead-
ing cause of cancer death worldwide [8]. Egypt has the highest
prevalence of HCV in the world and the prevalence of HCC is
increasing in the last years [3].

Unlike other solid malignancies, the coexistence of inflam-
mation and cirrhosis makes a nearly diagnosis and prognostic as-
sessment of HCC much more difficult [9]. In addition, the con-
ventional tests of hepatic function do not distinguish HCC from
cirrhosis, and thus they contribute little to the diagnosis of the
tumor [10].

Although CT and MRI are reported to have a sensitivity
of 60-94.4% and 58.5-93%, respectively, in diagnosis of tumors
larger than 1 cm, their sensitivities for detecting tumors smaller
than 1 cm are reduced by 33-45% and 33-67%, respectively [11].
Furthermore, small, arterially enhancing nodules are common in
the cirrhotic liver, and majority of these nodules are benign [12].

Alpha Fetoprotein (AFP) which is the golden marker for
HCC is of low sensitivity; therefore, additional markers are sug-
gested to be simultaneously evaluated in order to enhance the de-
tection of HCC [4]. Thus, a tremendous effort has been put forth
and continues to be applied in the search for improved HCC bio-
markers.

Matrix Metallo Proteinases (MMPs) are a large family of
calcium-dependent zinc containing endopeptidases, which are re-
sponsible for the tissue remodeling and degradation of the Extra-
cellular Matrix (ECM), including collagens, elastins, gelatin, ma-
trix glycoproteins, and proteoglycan [13].

The Hepatic Stellate Cell (HSC) is the key cell type that con-
tributes to liver fibrosis. Upon activation, the HSC undergoes pro-
liferation, contraction and migration critical for the development
of fibrosis. In addition, HSCs provide the major source of Extra-
cellular Matrix (ECM) and Matrix Metalloproteinases (MMPs),
the key regulators of matrix remodeling [14].

MMPs are implicated in a variety of physiological processes,
including wound healing, uterine involution and organogenesis as
well as in pathological conditions, such as inflammatory, vascular,
autoimmune disorders, and carcinogenesis [15].

MMP-7 is able to cleave ECM and basement membrane
[16], and mediate E-cadherin ectodomain shedding in injured lung
epithelium leading to accelerated cell migration [17]. MMPs have

been considered as potential diagnostic and prognostic biomarkers
in many types and stages of cancer [18].

This study aimed to evaluate serum matrix metalloproteinase
7 in patients with hepatocellular carcinoma and chronic hepatitis C
without hepatic focal lesions, aiming to find its clinical usefulness
as a diagnostic and or prognostic marker.

This study revealed that 73.3% of HCC cases were males. This
agrees with several studies [2] and an Egyptian study by Shaker et
al., [3] performed on 1313 patients with HCC which revealed that
male to female ratio was 3.7 :1.This may be the result of other as-
sociated factors such as the higher incidence of cirrhosis in males,
and higher levels of smoking and alcohol intake in males [19].

In this study, the age of patients with HCC ranged from
52-68 years with a mean of 60.3+7.74. These findings were close
to Hussein et al., [20], who reported that the age of patients with
HCC was 40-77 years with a mean of 56 = 8. Similarly, in an-
other Egyptian study by Shaker et al., [3], they found that the most
frequent age category affected by HCC was between 51 and 60
years (45.7%), followed by the category between 41 and 50 years
(24.4%). This can be due to the fact that most patients with Hepa-
tocellular Carcinoma (HCC) have liver cirrhosis, which develops
following long periods of chronic liver disease [21].

The most common use of AFP is to screen for hepatocellular
carcinoma in asymptomatic patients with HCV [22]. The present
study revealed that AFP levels were significantly higher in HCC
patients in comparison to CLD patients.

In the current study by performing, the Receiver Operating
Characteristic curve (ROC) the best cutoff value for AFP in pre-
diction of HCC, was >60 ng/mL with AUC=0.790, sensitivity=
48.3% ,specificity= 100%, positive predictive value= 100% and
negative predictive value=49%. On the other hand, Several previ-
ous studies reported different sensitivities and specificities for AFP
in diagnosis of HCC. Sarwar et al., [23] have shown that AFP can
best be used for screening of HCC at cut off value of 20.86 ng/mL
with 72% sensitivity and 86% specificity. In addition, Durazo et
al., [24] stated that level of AFP was significantly higher in pa-
tients with HCC than in those without HCC and that the best cut-
off value was >25 ng/mL with sensitivity and specificity 69% and
87% respectively. Similarly Gupta et al., [22] by using the most
commonly reported cutoff value of a positive test result for hepato-
cellular carcinoma (AFP level > 20 ng/mL), the ranges of test char-
acteristics were as follows: sensitivity, 41% to 65% and specificity,
80% to 94%. Daniele et al., [25] also noted a 60% sensitivity of
AFP with 20 ng/mL as cutoff value with positive predictive value
(PPV) of only 50%, can be used for diagnosis of HCC.

The current study revealed that AFP level was higher in late
HCC group than early HCC with a median of (240.5 ng/mL) and
(25.15 ng/mL) respectively p value= 0.006. This corroborates with
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a previous study by Tangkijvanich et al. [26] that found that HCC
patients with high AFP tended to have greater tumor size, bi-lobar
involvement, massive or diffuse types, and portal vein thrombo-
sis. In addition to this it agrees with Peng et al. [27] who showed
that HCCs with high AFP had larger sizes (>5 cm) and high-grade
tumors as compared to those with lower AFP. Moreover, HCCs
with high AFP had more frequent vascular invasion than those
with lower AFP. Finally, Murugavel et al. [28] also, suggested that
the AFP values are more likely to be elevated with the advanced
stage of cancers and are of prognostic value to check the efficacy
of treatment of HCC.

In the present study by using two of the previously proposed
cut off values for prediction of late HCC 200 ng/mL and 400 ng/
mL respectively the following was revealed ; at cut off value of
200 ng/mL, sensitivity and specificity of AFP for detection of HCC
were 30% and 100% respectively, while at proposed a cut off value
of 400 ng/mL, sensitivity and specificity of AFP for detection of
HCC were 20% and 100% respectively which was close to a previ-
ous study that found that an AFP value >200 and 400 ng/mL had
a sensitivity of 36.3% and 20.2%, respectively, and specificity of
100% in both groups [29].

In the present study, the ROC for AFP in prediction of late
HCC showed the best cut off value at >152.2, with AUC=0.707,
sensitivity 53,3%, specificity 93.3%, PPV 88.9% and NPV 66.7%.

Distinction of HCC from cirrhosis has become challenging
because regenerative nodules may mimic tumors in cirrhotic livers
and because of the elevated serum levels of AFP in patients with
cirrhosis [30]. AFP has been widely used as a diagnostic marker
for HCC. However, there are some patients showing continuous
high AFP values but with no evidence of HCC [31].

MMPs reported to be over-expressed in many types of human
malignant tumors including HCC and have been shown to partici-
pate in tumor invasion and metastatic processes. Serum MMP-9
was significantly increased in HCC patients with poor performance
status, and in the presence of metastasis. Thus, MMP-9 may play
an important role in HCC invasiveness and metastasis. This was
in accordance with several authors [32-35]. Moreover, Hayasaka
et al. found that plasma MMP-9 levels were significantly elevated
in the patients with HCC with macroscopic portal vein invasion as
compared to patients with HCC without portal vein invasion [36].
These data suggested the possibility of plasma MMP- 9 levels being
a novel marker for HCC, particularly for metastatic potential [36].

To our knowledge, this pilot study was the first to investigate
MMP-7 as a new biomarker for liver in serum as a non-invasive
sample because previously it was only studied in tissue sample.

In the present study, serum MMP-7 was significantly higher
in HCC patients with a median of (4.95 ng/mL) in comparison
with CLD patients with a median of (3.13 ng/mL), which agrees

with a previous study that studied the tissue expression patterns of
MMP-7 in tissue samples of normal liver, cirrhotic liver, macro re-
generative nodule, dysplastic nodule, and hepatocellular carcinoma
of various grades of differentiation [37]. The increased expression
of MMP-7 in cirrhotic liver in comparison to non-cirrhotic liver
suggests a more favorable environment for invasion and metas-
tasis of hepatocellular carcinoma. As their activity play a pivotal
role in tumor growth and the multistep processes of invasion and
metastasis, including proteolytic degradation of ECM, alteration
of the cell-cell and cell-ECM interactions, migration and angio-
genesis [38].

In the current study, the ROC for MMP-7 in the prediction
of HCC group showed that the best cut off value was >5.97 ng/mL
with area under the curve (AUC) 0.739, sensitivity 43.3%, speci-
ficity 93.3%, PPV 92.9% and NPV 45.2%.

In the present study, by comparing the MMP-7 serum level
in early and late HCC. The MMP-7 was found to be significantly
higher in late HCC group than early HCC with a median of (7.13
ng/mL) and (4.01 ng/mL) respectively.

Gao et al., stated that well-differentiated hepatocellular car-
cinoma in comparison to less differentiated tumors were associated
with higher levels of MMPs. They suggested that tissue expression
of MMPs and their inhibitors could be useful markers to predict
the progression and metastasis of hepatocellular carcinoma [37].

In a previous study conducted by Ishii et al., it was found
that over expression of MMP-7 has been shown to be associated
with metastatic progression of colorectal carcinoma and cholang-
iocarcinoma, as well as hepatocellular carcinoma [39]. In a recent
study conducted by Wang et al., it was found that elevated serum
MMP-7 was highly predictive of unresectable pancreatic ductal
adenocarcinoma and nodal involvement despite favorable preop-
erative cross-sectional imaging [40].

Moreover, Gao et al., concluded that higher levels of MMP-7
expression were found as hepatocellular carcinoma progressed
from low to high grade [37]. Other authors reported that a high
expression rate of MMP-7 mRNA in HCC tissues had a significant
influence on the incidence of intrahepatic metastasis and portal
vein invasion [41]. Similarly, Ishii et al., [39] Found that MMP-7
showed significant expression in cases of portal vein invasion.
MMP-7 also tended to be highly expressed in cases of capsular
infiltration, also in cases where the tumor size exceeded Scm; the
expression of MMP-7 was highly significant, suggesting its pos-
sible involvement in the proliferation [39].

All the previous findings were in congruence with our study,
as the ROC for MMP-7 in prediction of late HCC group showed
that the best cut off value was >7.86 ng/mL with area under the
curve (AUC)= 0.685, sensitivity 46.6%, specificity 83.3%, PPV
=73.7% and NPV =61%.
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The present study finally, showed that by combining both
AFP to serum MMP-7 the sensitivity of MMP-7 for detection of
HCC increased from 43.3% to 66.6% and sensitivity of MMP-7
for detection of late HCC increased from 46.6% to 70%.

Conclusion

Serum matrix metalloproteinase 7 could provide useful tool
as a potential novel diagnostic and prognostic marker for HCC.

Acknowledgments

The authors thank all of the staff members of the HCC clinic
(Hepatoma group), Tropical Medicine and Medical Biochemistry
and Molecular Biology departments at Ain Shams University Hos-
pitals, Cairo, Egypt.

Conflict of Interest: All Authors declare to have no conflict
of interest.

Ethical approval: All procedures performed in studies in-
volving human participants were in accordance with the ethical
standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Informed consent: Informed consent was obtained from all
individual participants included in the study.

References

1. Al Knawy B, Reddy KR, Bolondi L (2009) Preface. In: Hepatocellular
Carcinoma, A Practical Approach edited by Al Knawy B, Reddy KR and
Bolondi L, in the United Kingdom by Informa Healthcare.

2. el-Zayadi AR, Badran HM, Barakat EM, Attia Mel-D, Shawky S, et al.
(2005) Hepatocellular carcinoma in Egypt: a single center study over a
decade. World J Gastroenterol 11: 5193-5198.

3. Shaker MK, Abdella HM, Khalifa MO, El Dorry AK (2013) Epidemio-
logical characteristics of hepatocellular carcinoma in Egypt: a retro-
spective analysis of 1313 Cases. Liver Int 33: 1601-1606.

4. El-Tayeh SF, Hussein TD, El-Houseini ME, Amer MA, EI-Sherbini M, et
al. (2012) Serological biomarkers of hepatocellular carcinoma in Egyp-
tian patients. Dis Markers 32: 255-263.

5. Verspaget HW, Kuyvenhoven JP, Sier CFM, van Hoek (2006) Matrix
metalloproteinases in chronic liver disease and liver transplantation.
In: Lendeckel U and Hooper NM (eds) Proteases in gastrointestinal
tissue. Netherlands: Springer 5: 209-234.

6. Mignatti P, Ritkin DB (1993) Biology and biochemistry of proteinases in
tumor invasion. Physiol Rev 73: 161-195.

7. Forner A, Llovet JM, Bruix J (2012) Hepatocellular carcinoma. Lancet
379: 1245-1255.

8. Page AJ, Cosgrove DC, Philosophe B, Pawlik TM (2014): Hepatocel-
lular carcinoma: diagnosis, management, and prognosis. Surg Oncol
Clin N Am. 23: 289-311.

9. ZhuK, Dai Z, Zhou J (2013): Biomarkers for hepatocellular carcinoma:
progression in early diagnosis, prognosis, and personalized therapy.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Biomark Res 1: 10.

Thapa BR, Walia A (2007) Liver function tests and their interpretation.
Indian J Pediatr 74: 663-671.

Kim S, Park SY, Yong H, Famulski JK, Chae S, et al. (2008) HBV
X protein targets hBubR1, which induces dysregulation of the mitotic
checkpoint. Oncogene 27: 3457-3464.

Brancatelli G, Baron RL, Peterson MS, Marsh W (2003): Helical CT
screening for hepatocellular carcinoma in patients with cirrhosis: fre-
quency and causes of false-positive interpretation. ADR Am J Roent-
genol 180: 1007-1014.

Engel CK, Pirard B, Schimanski S, Kirsch R, Habermann J, et al.
(2005) Structural basis for the highly selective inhibition of MMP-13.
ChemBiol 12: 181-189.

Benyon RC, Arthur MJ (2001) Extracellular matrix degradation and the
role of hepatic stellate cells. Semin Liver Dis 21: 373-384.

Nagase H, Visse R, Murphy G (2006) Structure and function of matrix
metalloproteinases and TIMPs. Cardiovasc Res 69: 562-573.

Remy L, Trespeuch C, Bachy S, Scoazec JY, Rousselle P (2006):
Matrilysin 1 influences colon carcinoma cell migration by cleavage of
the laminin-5-3 chain. Cancer Res 66: 11228-11237.

McGuire JK, Li Q, Parks WC (2003) Matrilysin (matrix metalloprotei-
nase-7) mediates E-cadherin ectodomain shedding in injured lung epi-
thelium. Am J Pathol 162: 1831-1843.

Roy R, Yang J, Moses AM (2009): Matrix Metalloproteinases as novel
biomarkers and potential therapeutic targets in human cancer. J Cli-
nOncol 27: 5287-5297.

Leong TY-M, Leong AS-Y (2005) Epidemiology and carcinogenesis of
hepatocellular carcinoma. HPB?: The Official Journal of the Interna-
tional HepatoPancreato Biliary Association 7: 5-15.

Hussein MM, Ibrahim AA, Abdella HM, Montasser IF, Hassan MI
(2008): Evaluation of serum squamous cell carcinoma antigen as a
novel biomarker for diagnosis of hepatocellular carcinoma in Egyptian
patients. The Indian Journal of Cancer 45: 167-172.

Sanyal AJ, Yoon SK, Lencioni R (2010) The etiology of hepatocellular
carcinoma and consequences for treatment. Oncologist 4: 14-22.

Gupta S, Bent S, Kohlwes J (2003) Test characteristics of alpha-feto-
protein for detecting hepatocellular carcinoma in patients with hepati-
tis C. A systematic review and critical analysis. Ann Intern Med 139:
46-50.

Sarwar S, Khan AA, Tarique S (2014) Validity of alpha fetoprotein for
diagnosis of hepatocellular carcinoma in cirrhosis. J Coll Physicians
Surg Pak 24: 18-22.

Durazo FA, Blatt LM, Corey WG, Lin JH, Han S, et al. (2008) Des-
gamma-carboxyprothrombin, a-fetoprotein and AFP-L3 in patients
with chronic hepatitis, cirrhosis and hepatocellular carcinoma. Journal
of Gastroenterology and Hepatology 23: 1541-1548.

Daniele B, Bencivenga A, Megna AS, Tinessa V (2004): Alpha-feto-
protein and ultrasonography screening for hepatocellular carcinoma.
Gastroenterology 127:108-112.

Tangkijvanich P, Anukulkarnkusol N, Suwangool P, Lertmaharit S,
Hanvivatvong O, et al. (2000): Clinical Characteristics and Prognosis
of Hepatocellular Carcinoma: Analysis Based on Serum Alpha-feto-
protein Levels. J ClinGastroenterol. 31: 302-308.

Peng SY, Chen WJ, Lai PL, Jeng YM, Sheu JC et al. (2004) High a-
fetoprotein level correlates with high stage, early recurrence and poor
prognosis of hepatocellular carcinoma: significance of hepatitis virus

Volume 2016; Issue 03


http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://onlinelibrary.wiley.com/doi/10.1111/liv.12209/full
http://onlinelibrary.wiley.com/doi/10.1111/liv.12209/full
http://onlinelibrary.wiley.com/doi/10.1111/liv.12209/full
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://opp.sagepub.com/content/early/2014/04/24/1078155214532698.abstract
http://opp.sagepub.com/content/early/2014/04/24/1078155214532698.abstract
http://opp.sagepub.com/content/early/2014/04/24/1078155214532698.abstract
http://opp.sagepub.com/content/early/2014/04/24/1078155214532698.abstract
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.sciencedirect.com/science/article/pii/S1055320713001105
http://www.sciencedirect.com/science/article/pii/S1055320713001105
http://www.sciencedirect.com/science/article/pii/S1055320713001105
http://biomarkerres.biomedcentral.com/articles/10.1186/2050-7771-1-10
http://biomarkerres.biomedcentral.com/articles/10.1186/2050-7771-1-10
http://biomarkerres.biomedcentral.com/articles/10.1186/2050-7771-1-10
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ajronline.org/doi/abs/10.2214/ajr.180.4.1801007
http://www.ajronline.org/doi/abs/10.2214/ajr.180.4.1801007
http://www.ajronline.org/doi/abs/10.2214/ajr.180.4.1801007
http://www.ajronline.org/doi/abs/10.2214/ajr.180.4.1801007
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://cancerres.aacrjournals.org/content/66/23/11228.short
http://cancerres.aacrjournals.org/content/66/23/11228.short
http://cancerres.aacrjournals.org/content/66/23/11228.short
http://www.sciencedirect.com/science/article/pii/S0002944010643180
http://www.sciencedirect.com/science/article/pii/S0002944010643180
http://www.sciencedirect.com/science/article/pii/S0002944010643180
http://ascopubs.org/doi/full/10.1200/jco.2009.23.5556
http://ascopubs.org/doi/full/10.1200/jco.2009.23.5556
http://ascopubs.org/doi/full/10.1200/jco.2009.23.5556
http://www.indianjcancer.com/article.asp?issn=0019-509X;year=2008;volume=45;issue=4;spage=167;epage=172;aulast=Hussein
http://www.indianjcancer.com/article.asp?issn=0019-509X;year=2008;volume=45;issue=4;spage=167;epage=172;aulast=Hussein
http://www.indianjcancer.com/article.asp?issn=0019-509X;year=2008;volume=45;issue=4;spage=167;epage=172;aulast=Hussein
http://www.indianjcancer.com/article.asp?issn=0019-509X;year=2008;volume=45;issue=4;spage=167;epage=172;aulast=Hussein
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://annals.org/article.aspx?articleid=716520
http://annals.org/article.aspx?articleid=716520
http://annals.org/article.aspx?articleid=716520
http://annals.org/article.aspx?articleid=716520
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1746.2008.05395.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1746.2008.05395.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1746.2008.05395.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1746.2008.05395.x/full
http://www.sciencedirect.com/science/article/pii/S0016508504016026
http://www.sciencedirect.com/science/article/pii/S0016508504016026
http://www.sciencedirect.com/science/article/pii/S0016508504016026
http://journals.lww.com/jcge/Abstract/2000/12000/Clinical_Characteristics_and_Prognosis_of.7.aspx
http://journals.lww.com/jcge/Abstract/2000/12000/Clinical_Characteristics_and_Prognosis_of.7.aspx
http://journals.lww.com/jcge/Abstract/2000/12000/Clinical_Characteristics_and_Prognosis_of.7.aspx
http://journals.lww.com/jcge/Abstract/2000/12000/Clinical_Characteristics_and_Prognosis_of.7.aspx
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full

Citation: Aleem MH, Labib RA, Zaky DZ, Montasser IF, Mossoud YM, et al. (2016). Evaluation of Serum Matrix Metalloproteinase-7 (Mmp-7) In Egyptian Patients
with Hepatocellular Carcinoma. J Dig Dis Hepatol 2016: JDDH-111.

28.

29.

30.

31.

32.

33.

34.

infection, age, p53 and R-catenin mutations. International journal of
cancer 112: 44-50.

Murugavel KG, Mathews S, Jayanthi V, Shankar EM, Hari R et al.
(2008) Alpha-fetoprotein as a tumor marker in hepatocellular carcino-
ma: investigations in south Indian subjects with hepatotropic virus and
aflatoxin etiologies. Int J Infect Dis 12: e71-e76.

Arrieta O, Cacho B, Morales-Espinosa D, Ruelas-Villavicencio A,
Flores-Estrada D, et al. (2007) The progressive elevation of alpha fe-
toprotein for the diagnosis of hepatocellular carcinoma in patients with
liver cirrhosis. BMC Cancer 8: 7-28.

Ressom HW, Xiao JF, Tuli L, Varghese RS, Zhou B, et al. (2012) Uti-
lization of metabolomics to identify serum biomarkers for hepatocel-
lular carcinoma in patients with liver cirrhosis. Anal ChimActa 743:
90-100.

Murashima S, Tanaka M, Haramaki M, Yutani S, Nakashima Y, et al.
(2006) A decrease in AFP level related to administration of interferon
in patients with chronic hepatitis C and a high level of AFP. Dig Dis Sci
51: 808-812.

Sun CA, Wu DM, Lin CC, Lu SN, You SL, et al. (2003) Incidence
and cofactors of hepatitis C virus-related hepatocellular carcinoma:
a prospective study of 12,008 men in Taiwan. Am J Epidemiol 157:
674—-682.

Zhang Y, Deng ZS, Liao MM, Wang N, Zhang XQ, et al. (2012) Tumor
associated glycoprotein72 is a novel marker for poor survival in hepa-
tocellular carcinoma. PatholOncol Res 18: 911-916.

Yang HI, Lu SN, Liaw YF, You SL, Sun CA, et al. (2002). Taiwan Com-

munity-Based Cancer Screening Project Group: Hepatitis B e antigen
and the risk of hepatocellular carcinoma. N Engl J Med 347:168-174.

35.

36.

37.

38.

39.

40.

41.

Chen R, Cui J, Xu C, Xue T, Guo K, et al. (2012) The significance of
MMP-9 over MMP-2 in HCC invasiveness and recurrence of hepato-
cellular carcinoma after curative resection. Ann Surg Oncol 3: S375-
S384.

Hayasaka A, Suzuki N, Fujimoto N, lwama S, Fukuyama E, et al.
(1996): Elevated plasma levels of matrix metalloproteinase-9 (92-kd
type IV collagenas /gelatinase B) in hepatocellular carcinoma. Hepa-
tology 24: 1058-1062.

Gao ZH, Tretiakova MS, Liu WH, Gong C, Farris PD, et al. (2006)
Association of E-cadherin, matrix metalloproteinases, and tissue in-
hibitors of metalloproteinases with the progression and metastasis of
hepatocellular carcinoma. Modern Pathology 19: 533-540.

GialeliCh, Kletsas D, Mavroudis D, Kalofonos HP, Tzanakakis GN, et
al. (2009): Targeting epidermal growth factor receptor in solid tumors:
critical evaluation of the biological importance of therapeutic monoclo-
nal antibodies. Curr Med Chem 16: 3797-3804.

Ishii Y, Nakasato Y, Kobayashi S, Yamazaki Y, Aoki T (2003) A study
on angiogenesis-related matrix metalloproteinase networks in primary
hepatocellular carcinoma. J Exp Clin Cancer Res 22: 461-470.

Wang SC, Parekh JR, Porembka MR, Nathan H, D’Angelica MI, et
al. (2016) A Pilot Study Evaluating Serum MMP-7 as a Preoperative
Prognostic Marker for Pancreatic Ductal Adenocarcinoma Patients. J
Gastrointest Surg 20: 899-904.

Yamamoto H, Itoh F, Adachi Y, Fukushima H, Itoh H, et al. (1999) Mes-
senger RNA expression of matrix metalloproteinases and tissue inhibi-
tors of metalloproteinases in human hepatocellular carcinoma. Jpn J
Clin Oncol 29: 58-62.

Volume 2016; Issue 03


http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://onlinelibrary.wiley.com/doi/10.1002/ijc.20279/full
http://www.sciencedirect.com/science/article/pii/S120197120801374X
http://www.sciencedirect.com/science/article/pii/S120197120801374X
http://www.sciencedirect.com/science/article/pii/S120197120801374X
http://www.sciencedirect.com/science/article/pii/S120197120801374X
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-7-28
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-7-28
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-7-28
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-7-28
http://www.sciencedirect.com/science/article/pii/S0003267012010148
http://www.sciencedirect.com/science/article/pii/S0003267012010148
http://www.sciencedirect.com/science/article/pii/S0003267012010148
http://www.sciencedirect.com/science/article/pii/S0003267012010148
http://link.springer.com/article/10.1007/s10620-006-3211-2
http://link.springer.com/article/10.1007/s10620-006-3211-2
http://link.springer.com/article/10.1007/s10620-006-3211-2
http://link.springer.com/article/10.1007/s10620-006-3211-2
http://aje.oxfordjournals.org/content/157/8/674.short
http://aje.oxfordjournals.org/content/157/8/674.short
http://aje.oxfordjournals.org/content/157/8/674.short
http://aje.oxfordjournals.org/content/157/8/674.short
http://link.springer.com/article/10.1007/s12253-012-9521-0
http://link.springer.com/article/10.1007/s12253-012-9521-0
http://link.springer.com/article/10.1007/s12253-012-9521-0
http://www.nejm.org/doi/full/10.1056/NEJMoa013215
http://www.nejm.org/doi/full/10.1056/NEJMoa013215
http://www.nejm.org/doi/full/10.1056/NEJMoa013215
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://onlinelibrary.wiley.com/doi/10.1002/hep.510240513/full
http://onlinelibrary.wiley.com/doi/10.1002/hep.510240513/full
http://onlinelibrary.wiley.com/doi/10.1002/hep.510240513/full
http://onlinelibrary.wiley.com/doi/10.1002/hep.510240513/full
http://www.nature.com/modpathol/journal/v19/n4/abs/3800554a.html
http://www.nature.com/modpathol/journal/v19/n4/abs/3800554a.html
http://www.nature.com/modpathol/journal/v19/n4/abs/3800554a.html
http://www.nature.com/modpathol/journal/v19/n4/abs/3800554a.html
http://www.ingentaconnect.com/content/ben/cmc/2009/00000016/00000029/art00001
http://www.ingentaconnect.com/content/ben/cmc/2009/00000016/00000029/art00001
http://www.ingentaconnect.com/content/ben/cmc/2009/00000016/00000029/art00001
http://www.ingentaconnect.com/content/ben/cmc/2009/00000016/00000029/art00001
http://europepmc.org/abstract/med/14582707
http://europepmc.org/abstract/med/14582707
http://europepmc.org/abstract/med/14582707
http://jco.ascopubs.org/content/19/4/1118.short
http://jco.ascopubs.org/content/19/4/1118.short
http://jco.ascopubs.org/content/19/4/1118.short
http://jco.ascopubs.org/content/19/4/1118.short

