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ABSTRACT

Background/Aim: Non-alcoholic fatty liver disease (NAFLD) is an increasingly prevalent cause of chronic
liver disease worldwide. A number of these patients progress to nonalcoholic steatohepatitis (NASH) which
carries significant morbidity and mortality. The aim of this study is to evaluate the diagnostic value of serum
levels of transforming growth factor beta-1 (TGF-B1) matrix metalloproteinase-1 (MMP-1), and insulin
resistance as predictors of fibrosis in Egyptian NAFLD patients. Patients and Methods: Fifty patients with
NAFLD and different stages of fibrosis were studied. Serum levels of TGF-p1, MMP-1, and fasting serum
insulin were measured; calculation of the homeostasis model assessment for insulin resistance (HOMA-IR)
was done. Results: TGF-B1 gives a sensitivity of 100% and specificity of 94.4% for stage 1 fibrosis, 100%
and 93.9%, respectively, for stage 2 fibrosis, and 97.7% and 100%, respectively, for stage 3 fibrosis. MMP-1
showed sensitivity and specificity of 88% and 81.8%, respectively, for stage 2 fibrosis, 90.9% and 55.56%,
respectively, for stage 3 fibrosis, but it is of no diagnostic value in stage 1 fibrosis. Conclusion: Serum
TGF-$1, MMP-1, and insulin resistance (HOMA-IR) proved to be potentially useful noninvasive markers

in predicting fibrosis in NASH patients.
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Non-alcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease. NAFLD is probably the most
common liver disease in many countries affecting 10% to
24% of the general population and its incidence is rising
worldwide. Amongst the obese persons, the prevalence
rises to 57-74% and 25-75% amongst obese diabetics. Non-
alcoholic steatohepatitis (NASH) can be considered as the
3" most common cause of liver disease after hepatitis C
and alcohol abuse.!" Histologically, NAFLD is a spectrum of
disease from steatosis, steatohepatitis, to periportal and/or
perisinusoidal fibrosis, to cirrhosis. The natural history is a
dynamic one which may be stable, progressive, or regressive.
Liver biopsy is the “gold standard” for grading, staging
and documenting or excluding the presence and relative
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contribution of other causes to liver pathology, which
has a prognostic value and aids in tailoring management
strategies. However limitations to biopsy are many; pain,
bleeding, representing only 1/50000% of liver, sampling
error, inter- and intra-observer error and imposing of
categorical variables in an ordinal scale on a process that is
a continuous variable. Lastly, it may be refused by patients,
contraindicated and it is not possible to conduct biopsy on
every patient with NAFLD. Furthermore, transaminases,
clinical and anthropometric parameters may underestimate
significant disease justifying liver biopsy.!*

Non-invasive predictors of liver fibrosis include direct
and indirect fibrosis biomarkers. The direct markers are
pathophysiologically derived from extra cellular matrix
turnover and/or from changes of the fibro genic cell types,
in particular hepatic stellate cells and myofibroblasts. They
reflect the fibrogenic and/or the fibrolytic process, and their
selection, therefore, is hypothesis driven.’! The indirect
biomarkers include a rapidly increasing, wide variety of
biochemical scores and multi-parameter combinations or
panels selected by various statistical models and mathematical
algorithms. The parameters included in more than 20 scores
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have no pathophysiological relation to fibrogenesis but
may have an indirect relation to it and their selection is,
therefore, empiric. Compared to liver biopsy, 40% of results
were correct, a fraction of about 50-70% was inaccurate and
a small fraction was even incorrect.® Transient elastography
(TE) has limitations in NASH patients due to the high
prevalence of obesity, considering that a BMI > or = 28 is
independently associated with failure of TE examination and
the inter-observer agreement was found to be lower in the
presence of moderate or severe steatosis.”!

Transforming growth factor beta-1 (TGF-B1) mediates the
transformation of quiescent hepatic stellate cells (HSCs)
into myofibroblast-like cells with an increased production
of extra cellular matrix proteins including type I collagen.
TGF-B1 is secreted by activated Kupffer cells (KCs) and
by Hepatic stellate cells (IISCs). Its plasma concentration
is clevated in NASII patients compared to patients with
hepatic steatosis and healthy subjects, suggesting that this
cytokine is involved in fibrogenesis in NASH."¥) Matrix
metalloproteinase 1 (MMP-1) is another attractive candidate
marker to be studied in NAFLD as it has been shown to
affect the course of HCV virus infection and other chronic
liver disease by interfering with adequate matrix turnover.”’
The variables most commonly associated with increased risk
of fibrosis in NASH are: the presence of diabetes, increasing
age, increased homeostasis model assessment for insulin
resistance (HOMA-IR), increased AST/ALI ratio, decreased
platelets, hyaluronic acid, and increased body mass index. "
This study was conducted to evaluate the diagnostic value
of serum levels of TGF-B1, matrix metalloproteinase-1
(MMP-1), and insulin resistance, as non-invasive markers
of fibrosis in Egyptian NAFLD patients.

PATIENTS AND METHODS

This study was conducted on one hundred and fifty patients
with NAFLD, recruited from the Hepatology Clinic, Ain
Shams University Iospitals. This study was approved by
the local ethical committee and a written informed consent
was obtained from each individual before participation
in the study. Diagnosis of NAFLD was based on clinical,
biochemical, sonographic findings and histopathological
examination of liver biopsy specimens. Patients with
cirrhosis, diabetes, schistosomiasis, viral, autoimmune,
metabolic and alcohol- related liver discase were excluded.
Fifty out of 150 patients examined showed liver fibrosis
in different stages, TGF-B1, MMP-1, and HOMA-IR were
studied in that cohort of patients.

Serum level of human MMP- 1 was assayed by Enzyme-
Linked Immunosorbent Assay (ELIZA) technique using
a kit from RayBiotech, Inc. Serum level of TGF-B1 was
assayed by ELISA using TGF-B1 ELISA kit provided by
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DRG, NJ, USA, with reference number EIA-1864. Fasting
serum insulin (FSI) was assayed by Insulin Microplate
ELISA technique using a kit used for the quantitative
determination of insulin levels in human serum supplied

from Monobind, Inc. Fasting blood glucose was determined
by ordinary method and the HOMA-IR was calculated.

Liver biopsy was done under ultrasound guidance using
Baxer true cut needle (G14). The length of liver specimens
was 1 cm or longer. The specimens were fixed with 10%
formaldehyde, embedded in paraffin and stained with
following stains: haematoxylin-eosin, Periodic- acid Schiff
with diastase (PAS-d) stain for the necro-inflammatory
grading and the Masson’s trichrome stain for fibrosis and
architectural changes. Only biopsy specimens with more
than 6 intact portal tracts were considered as eligible
for evaluation. The slides were evaluated by two expert
pathologist blinded to the clinical data with grading of
steatosis, lobular inflammation, hepatocyte ballooning,
NAFLD activity scoring, and fibrosis staging according
to internationally agreed parameters.!""! Steatosis in the
liver specimens was arbitrarily graded and scored by the
percentage of hepatocytes containing fat deposits as
follows: grade 0 < 5%, grade 1; 5-33%, grade 2; 34- 66%,
and grade 3 > 66%. Lobular inflammation: was graded
on a 4-point scale as follows: grade 0; no foci, grade 1; <2
foci, grade 2; 2-4 foci, and grade 3; >4 foci. Hepatocyte
ballooning was graded as follows: grade 0; none, grade 1;
rare ballooned hepatocytes, and grade 2; many ballooned
hepatocytes. From the above scores, calculation of NAFLD
activity score (NAS) was done and then patients expressed
as follows: Not NASH: score from 0 - 2, Border line NASH:
score from 3 - 5, and Definitive NASH: score above 5.
Staging of fibrosis in the examined slides was done as
follows: F0; no fibrosis, F1; pericentral or sinusoidal fibrosis
(zone 3), F2; sinusoidal (zone 3) and periportal fibrosis
(zone 1), I'3; bridging fibrosis between zone 3 and zone 1,
and F4; cirrhosis.
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Figure 1: ROC curves for HOMA-IR, MMP-1 and TGFp1 for stage 1
fibrosis
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Correlations between histopathological parameters and
mean TGF-B1, MMP-1, and HOMA-IR using pearson
correlation, multivariate analysis was performed, and
receiver operating characteristic (ROC) curves for the
best sensitivity and specificity for predicting fibrosis were
studied for each marker. Analysis was performed by using
the Statistical Package for the Social Sciences (SPSS,
version 15, Chicago, IL, USA). A P < 0.05 was considered
statistically significant.

RESULTS

TGF-B1 showed a significant positive correlation with the
grade of steatosis (r = 0.64 and P < 0.001) and stage of
fibrosis (r = 0.74and P < 0.001) [Table 1]. On multivariate
analysis, serum level of TGF-B1 was an independent
predictor of fibrosis (95% CI = 3.48-15.55, and P = 0.003)
but not for the degree of steatosis [Table 2]. TGF-B1 at a
cut off value of 14.5 ng/ml gives an area under the ROC
(AUROC) curve, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
diagnostic accuracy of 0.94, 100%, 94.4%, 96.97%, 100% and
96% respectively for the diagnosis of stage 1 fibrosis, and
at a cut off value of 26 ng/ml, 0.96, 100%, 93.9%, §9.47%,
100%, and 96%, respectively for the diagnosis of stage 2
fibrosis, but at a cut off value of 36.6 ng/ml, 0.97, 97.7%,
100%, 100%, 85.7%, and 98%, respectively for the diagnosis
of stage 3 fibrosis [Figures 1-3].

MMP-1 showed a positive correlation with the degree
of steatosis (r = 0.55 and P < 0.001) but a significant
negative correlation with the stage of fibrosis (r = -0.54
and P < 0.001) [Table 3]. On multivariate analysis, MMP-1
serum level was an independent determining variable for
the degree of steatosis and the stage of fibrosis (95% CI
-10.02 to-0.03, and P = 0.001), (95% CI = 0.26-0.88 and P
= 0.001), respectively [Table 4]. MMP-1 at a cut off value
of 2.7 ng/ml showed an AUROC, sensitivity, specificity,
PPV, NPV, and diagnostic accuracy of 0.90, 88%, 81.8%,
71.4%, 93% and 84% respectively for the diagnosis of stage
2 tibrosis, while at a cut off value less than 2.1 ng/ml, 0.8§,
83%, 90.9%, 55.56%, 97.56% and 90% respectively for the
diagnosis of stage 3 fibrosis, but it is of no diagnostic value
in stage 1 fibrosis giving an AUROC of 0.64 or less at any
cutoff value in this group [Figures 1-3].

HOMA-IR positively correlated with the degree of steatosis
and stage of fibrosis (r = 0.87 and P < 0.001 and r = 0.88
and P < 0.001, respectively) [Table 5]. HOMA-IR was a
significant independent predictor of the grade of steatosis
and stage of fibrosis (95% CI 0.09- 10.13 and P = 0.022
and 95% C10.71-193 and P < 0.001, respectively) [Table 6].
HOMA-IR at a cut off value of 4.1 showed an AUROC,
sensitivity, specificity, PPV, NPV, and diagnostic accuracy
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Figure 2: ROC curves for HOMA-IR, MMP-1 and TGFp1 for stage
2 fibrosis

Table 1: Correlations between histopathological
parameters and mean TGFf31 serum level (ng/ml) using
Pearson correlation (r)

Histopathological parameter r P Sig.
Grades of steatosis 0.64 <0.001 HS
Lobular inflammation 0.63 <0.001 HS
Hepatocyte ballooning 0.62 <0.001 HS
NAS 0.69 <0.001 HS
Fibrosis staging 0.74 <0.001 HS

HS: Highly significant, NAS: Nonalcoholic fatty liver disease activity score

Table 2: Multivariate analysis between histopathological
parameters according to mean TGFf1 (ng/ml)

Histopathological Regression Standard 95% CI P
parameter coefficient error

Grade of steatosis .84 2.57 -4.34 6.02 0.745
Lobular inflammation -2.01 2.87 -7.80 3.78 0.487
Hepatocyte ballooning 3.36 2.82 -2.32 9.03 0.240
Fibrosis staging 9.51 3.00 3.48 15.55 0.003

of 0.97, 100%, 88.89%, 94%, 100%, and 96%, respectively
for the diagnosis of stage 1 fibrosis, at a cut off value of
5.8 showed, 0.96, 100%, 84.85%, 77.27%, 100%, and 90%
respectively for stage 2 fibrosis, but at a cut off value
of 8.5 showed 1.0, 97.7%, 100%, 100%, 85.7%, and 98%
respectively for stage 3 fibrosis [Table 7] [Figures 1-3].

DISCUSSION

TGF-B serum level correlated positively with the stage of
fibrosis [Table 1], significant independent predictor of the
stage of fibrosis [Table 2], and at a cut off value of 14.5
ng/ml or more showed an adequate diagnostic value for
mild stage | fibrosis, 1.e. the presence or the absence of
fibrosis, with an AUC of 0.94, sensitivity, specificity, PPV,
NPV and accuracy of 100%, 94.4%, 96.97%, 100% and
96%, respectively. Also, at a cut off value of 26 ng/ml it
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Figure 3: ROC curves for HOMA-IR, MMP-1, TGFp1 for stage 3 fibrosis

Table 3: Correlations between histopathological
parameters and mean MMP-1 serum level (ng/ml) using
pearson correlation (r)

Histopathological parameter r P Sig.
Grades of steatosis 0.55 <0.001 HS
Lobular inflammation -0.45 0.001 S
Hepatocyte ballooning -0.37 0.008 S
NAS -0.37 0.008 S
Fibrosis staging -0.54 <0.001 HS

S: Statistically significant, HS: Highly significant, NAS: Nonalcoholic fatty liver
disease activity score

Table 4: On multivariate analysis between
histopathological parameters according to mean
MMP-1 (ng/ml)

Histopathological Regression Standard  95% ClI P
parameter coefficient  error

Grades of steatosis 0.57 0.15 0.26 0.88 0.001
Lobular inflammation -0.13 0.17 -0.48 0.21 0.44
Hepatocyte ballooning 0.05 0.17 -0.29 0.39 0.77
Fibrosis staging -0.66 0.18 -10.02 -0.30 0.001

showed adequate diagnostic value for stage 2 fibrosis with
AUC of 0.96 with sensitivity, specificity, PPV, NPV, and
diagnostic accuracy of 100%, 93.9%, 89.47%, 100%, and
96%, respectively. Moreover, at a cut off value of 36.6 ng/
ml it showed an adequate diagnostic value for the severe
advanced stage 3 fibrosis with an AUC of 0.97, sensitivity,
specificity, PPV, NPV and diagnostic accuracy of 97.7%,
100%, 100%, 85.7%, and 98%, respectively [Table 7 and
Figures 1-3]. Hence, it is suggested as a non-invasive marker
to differentiate NAFLD from NASH, to stage the severity
of fibrosis in NASH patients, to follow the course of NASH,
and to monitor the treatment efficacy of NASH.

Liver injury in NASH can be encapsulated in the ‘two
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hit” hypothesis i.c. accumulation of fat followed by
oxidative injury." Liver cell injury, oxidative stress signals,
apoptototic bodies, lipopolysaccharides and paracrine
stimuli from hepatocytes causes initiation of activation
of HSC (Kupffer cells and sinusoidal endothelial cells) via
rapid changes in gene expression and cell phenotype with
subsequent recruitment of inflammatory cells, increased
synthesis and production of TGF-B with subsequent
fibro genic actions via very complex pathophysiological
mechanisms: 1. Increased production of connective tissue
growth factor (CTGEF/CCN2) from both hepatocytes
and HSC with, 2. Production of type I collagen instead
of type 1V collagen and matrix glycoprotiens from HSC
3. Inhibition of DNA synthesis of the hepatocyte and
may serve as terminator of regenerative cell proliferation
4. Inhibition of expression of metalloprotease genes
5. Inhibition of metalloproteinases via activation of
their inhibitors 6. Negative regulation of inflammation
preventing the necessary actions of inflammatory cells
in removing potentially toxic debris, 7. Activation and
stimulation of HSC setting a positive feedback vicious circle
8. A pro-survival, anti-apoptotic action on myofibroblast via
activation of the phosphatidylinositol 3-kinase (PI3K)-AKT
pathway and 9. Regulation of fibronectin in hepatic stem
cell, which may be an important cell in liver fibrosis, via
c¢AMP and Smad pathways.!*17]

The value of serum TGF-B1 has some limitations related to
the contamination of the sample by TGF-B from platelets,
the interference with plasmin activity in the plasma that
increases the amount of TGF-B1 through opening LAP-
TGF-B complex, the binding of TGE-p at the sites of injury
to ECM and to vascular endothelium, the sequestration by
soluble proteins and the complicated clearance of TGF-B1.
These factors explain why plasma levels of TGEF-B1 are
unlikely to be of diagnostic value.!'!

However, some studies showed a good correlation between
serum levels of total TGF-B1, and Knodell histological scores
and also a correlation with the rate of fibrosis progression.!”)
Moreover, some authors established cut-off values with
prognostic significance for patients with no progression of
fibrosis and those with progressive disease. A TGF-B1 level
below 75 ng/ml was predictive for stable disease, 115 ng/ml
+20 was predictive of progressive one, and 59 ng/ml * 20
was predictive of non-progressive disease."!

The difference between the values in our study and in that
study, even that predictive of non-progressive discase, may
be due to the different cause of chronic liver disease in the
two studies (which may suggest that extrapolation of results
of studies on one cause to other causes of liver disease
may be incorrect), different genetic background between
Egyptian and German patients or to different methods of



TGF-B1 measurement being measured by both ELISA and
bioassay in the German study compared to ELISA only in
our study, which may suggest different cutotf values for
different methods of assessment.

MMP-1 serum level showed a significant negative correlation
with the stage of fibrosis [Table 3]. On multivariate
analysis the stage of fibrosis was a significant independent
determining variable for its serum level [Table 4]. MMP-1 at
a cut off value of 2.7 ng/ml showed an AUROC, sensitivity,
specificity, PPV, NPV, and diagnostic accuracy of 0.90, 88%,
81.8%, 71.4%, 93% and 84% respectively for the diagnosis
of stage 2 fibrosis, while at a cut off value less than 2.1: 8§,
83%, 90.9%, 55.56%, 97.56%, and 90% respectively for the
diagnosis of stage 3 fibrosis, but it is of no diagnostic value

Table 5: Correlations between histopathological
parameters according to mean HOMA-IR using
pearson correlation (r)

Histopathological parameter r P Sig.

Grades of steatosis 0.87 <0.001 HS
Lobular inflammation 0.85 <0.001 HS
Hepatocyte ballooning 0.70 <0.001 HS
NAS 0.90 <0.001 HS
Fibrosis staging 0.88 <0.001 HS

NAS: Nonalcoholic fatty liver disease activity score, HS: Highly significant
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in stage 1 fibrosis. These results suggest the potential utility
of serum MMP-1 as a non-invasive marker for diagnosing
significant fibrosis in NASH patients, and segregating them
from NAFLD.

Our results could be explained by the fact that HSC is
the main source of interstitial collagenase MMP-1, and
the decrease of serum level with progression of fibrosis
may be due to decreased synthesis which help in fibrosis
progression. 2!

Many studies demonstrated that serum level of MMP-1 was
negatively correlated with fibrosis stage in chronic viral liver
discase. However, different cutoff values were suggested
which suggest that there is no best cutoff value yet to be
applied to all people of different ethnic background or
with a different etiology for the chronic liver discase. In
one study, MMP-1 at a cutoff value of 13.96 ng/ml gave a
sensitivity of 90.5% and specificity of 52% in differentiating
stage 2 from stage 1 fibrosis and at a cutoff value of 6.86
ng/ml gave a sensitivity of 70.7% and specificity of 80.9%
in differentiating stage 3 fibrosis from stage 4 cirrhosis.*?!
In another study a cutoff value of 7.49 ng/ml gave a
sensitivity of 47% and a specificity of 69% for diagnosis
of significant fibrosis in chronic viral hepatitis.”*! Those
cutoff values are quite higher than our cutoff values with

Table 6: On multivariate analysis between histopathological parameters and mean HOMA-IR

Histopathological parameter Regression coefficient
Grades of steatosis 0.61

Lobular inflammation 0.38
Hepatocyte ballooning 0.07
Fibrosis staging 1.32

Standard error 95% CI P
0.26 0.09 10.13 0.022
0.29 -0.21 0.96 0.198
0.28 -0.50 0.64 0.812
0.30 0.71 1.93 <0.001

Table 7: Diagnostic accuracy of HOMA-IR, serum MMP-1 (ng/ml) and serum TGFB1 (ng/ml) in quantifying extent

of fibrosis (staging) in patients

Stage 1 (n = 25)

HOMA MMP-1 TGF-p1 HOMA
Cut off value 4.1 14.5 5.8
Sensitivity 100.0 100.0 100.0
Specificity 88.89 94.44 84.85
PPV 94.12 96.97 77.27
NPV 100.00 100.00 100.00
LR+ 9 18 6.6
LR- 0.00 0 0
AUC 0.97 0.64 0.94 0.96
SE 0.03 0.09 0.05 0.02
95% ClI 0.92-1.02 0.47-0.81 0.84-1.05 0.91-1.01
P <0.001 0.10 <0.001 <0.001
Diagnostic 96 98 90
accuracy

Stage 2 (n=15)

Stage 3 (n=10)

MMP-1 TGF-p1 HOMA MMP-1 TGF-p1
2.7 26 8.5 <2.1 36.6
88.2 100.0 97.7 83.3 97.7

81.82 93.94 100.00 90.91 100.00
71.43 89.47 100.00 55.56 100.00
93.10 100.00 85.71 97.56 85.71
4.8 16.5 9
1.4 0 0.02 0.18 0.02
0.90 0.96 1.00 0.88 0.97
0.05 0.03 0.006 0.09 0.023
0.80-0.99 0.90-1.02 0.98-1.01 0.70-1.0 0.93-1.02
<0.001 <0.001 <0.001 0.003 <0.001
84 96 98 90 98

PPV: Positive predictive value, NPV: Negative predictive value, LR+: Positive likelihood ratio, LR-: Negative likelihood ratio, AUC: Area under curve, SE: Standard

error
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lower sensitivity and specificity which raise the question of
standardizing the measurement kits references and may be
the mistake of extrapolating results on one cause of liver
disease to another cause(s).

HOMA-IR was significantly positively correlated with the
grade of steatosis and stage of fibrosis and independently
predictive of stage of fibrosis. HOMA-IR at a cut off value
of 4.1 showed a sensitivity, specificity, PPV, NPV, and
diagnostic accuracy of 100%, 88.89%, 94%, 100%, and 96%,
respectively for the diagnosis of stage 1 fibrosis, at a cut off
value of 5.8 showed 100%, 84.85%, 77.27%, 100%, and 90%
respectively for stage 2 fibrosis, but at a cut off value of 8.5
showed, 97.7%, 100%, 100%, 8§5.7% and 98% respectively
for stage 3 fibrosis. These results suggest that HOMA-IR
determination in patients with NAFLD can be utilized as
a non-invasive tool to predict fibrosis and diagnose NASH.
This can be explained by the fact that insulin resistance
triggers fibrosis through fatty acid mobilization, generation
of reactive oxygen species, production of fibro genic
growth factors including connective tissue growth factor,
hyperleptinaemia and increased TNF-B which activate

HSC. 1241

HOMA-IR > 2.7 and platelet < 200 x 10°in HCV patients
are diagnostic of severe fibrosis [['3 and F4] in one study.*!
HOMA-IR > 8§ was an independent predictor of worsening
fibrosis in an Italian study in NASH patients.l?”! In another
study in HIV/HCV co-infected patients HOMA-IR was
not associated with fibrosis stage or fibrosis progression.*!

The lower IIOMA-IR in HCV patients and the lack of
association of HOMA-IR with fibrosis stage in HCV/
HIV co-infected patients, raise again the question of
extrapolating results of one cause of chronic liver disease
to another and extrapolating results in certain population
of ethnic background to another with different ethnic

background.
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