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Abstract 
Background: This work aimed to assess the relationships between TIMP-

1 and disease severity in patients with chronic hepatitis C (CHC) and to 

ascertain the usefulness of TIMP-1 in differentiating individuals with 

different stages of liver fibrosis. 

Methods:286 CHCpatients were included in this study. FibroScan was 

used to diagnose liver fibrosis. 

Results:TIMP-1 was directly proportional to liver-fibrosis 

progression.Individuals with F2-F4 and F4 had significantly higher 

concentrations of TIMP-1 than patients with F0-F1 and F0-F3, 

respectively. The mean value of TIMP-1concentration was estimated to be 

117.3 and 139.1(ng/mL) in patients with F2-F4and F4 while it was67.4and 

78.9 (ng/mL) in case of patients with F0-F1 and F0-F3, 

respectively.Findings showed patients with F2-F4and F4 displayed 

1.74and 1.90-fold increase in TIMP-1over those with F0-F1and F0-F3, 

respectively. Based on ROC analysis, TIMP-1 enabled the correct 

identification of F2-F4 yielding 0.83AUCwith 75.0% sensitivity and 

66.4% specificity while it produced 0.80 AUC for the correct 

identification of F4 with 77.0% sensitivity and 71.0% specificity.  
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Conclusion: Our results 

indicated that the utilization of 

TIMP-1 facilitated the 

categorization of liver fibrosis 

with a considerable level of precision and efficacy in patients with CHC. 

Keywords: Cirrhosis, Extracellular matrix, Fibrosis, Non-invasive, TIMP-

1. 

 

Introduction  

It's interesting to note that liver fibrosis is treatable, and early intervention can reduce 

mortality and enhance quality of life. However, unchecked fibrosis can lead to permanent cirrhosis 

and ultimately liver cancer (Liu et al., 2024). Regrettably, liver fibrosis patients frequently have 

normal physical tests, no symptoms, and non-specific biochemical abnormalities. As a result, 

patients with chronic liver illnesses frequently receive a diagnosis far too late, by which time 

their prognosis for the medium term has already declined. About 78% of instances of 

hepatocellular carcinoma are at the palliative stage at the time of diagnosis, while 75% of cases 

of cirrhosis are already decompensated (Canivet and Boursier, 2022). Therefore, it is imperative 

to focus significant efforts on liver fibrosis early identification, staging, and customized 

treatment. TIMP-1, sometimes referred to as tissue inhibitor of metalloproteinases-1, is an 

essential protein that regulates a number of biological processes in the human body. The 

enzymes known as metalloproteinases (MMPs), which are in charge of rupturing the 

extracellular matrix (ECM) in tissues, are significantly inhibited by TIMP-1. TIMP-1 supports 

healthy cell activity and aids in preserving the structural integrity of tissues by blocking these 

enzymes. Studies indicate that hyperphosphorylation of TIMP-1 may be associated with a 

number of illnesses, such as cancer, heart problems, and inflammatory diseases (Arpino et al., 

2015; Rai and Baird, 2020). TIMP-1 is essential in preserving the fine balance between scar 

formation and matrix remodeling in the setting of liver fibrosis. Increased TIMP-1 has been 

linked to the development of liver fibrosis because it prevents MMP activity, which causes 

collagen and fibrotic tissue to build up. This imbalance reduces the liver's capacity to repair and 

tilts the scales in favor of fibrosis. In fact, deciphering the complex relationship between TIMP-1 

and MMPs is essential to understanding the etiology of liver fibrosis and investigating possible 

treatment options(Shan et al., 2023; Yao et al., 2022). Our study aims to assess the relationships 

between TIMP-1 and disease severity in patients with chronic hepatitis C (CHC) and to ascertain 

the usefulness of circulating TIMP-1 in differentiating individuals with different stages of liver 

fibrosis, given the crucial role that TIMP-1 plays in liver fibrosis.  

Methods 

This study comprised 286 Egyptian patients who had received a diagnosis of CHC in a 

consecutive manner, verified by laboratory testing as well as clinical diagnosis. These patients 

were prospectively recruited from the Mansoura University hospitals in Mansoura's Tropical 

Medicine Department. After being thoroughly informed about the diagnostic procedures and the 

nature of their condition, every patient provided their informed consent. The study protocol 

adhered to the ethical guidelines set forth in the 1975 Helsinki Declaration.The staging of liver 

fibrosis was determined by FibroScan (Sandrin et al., 2003) (Echosens, Paris, France).Five 

different groups were created out of the CHC patients.A total of 36 cases (12.6%) exhibited no 

fibrosis (F0), 48 cases (16.8%) displayed minimal fibrosis (F1), 67 cases (23.4%) displayed 

severe fibrosis (F3), and 121 cases (42.3%) demonstrated liver cirrhosis (F4). In all, 188 patients 

(65.7%) had advanced fibrosis (F3-F4), 202 patients (70.6%) had considerable fibrosis (F2-F4), 

and 121 patients (42.3%) had cirrhosis (F4).All 286 participants met the following criteria: a 

negative test for hepatitis B surface antigen using a kit from Biomedica, Sorin, Italy; a positive 

test for anti-HCV antibodies (ETI-AB-HCVK-3, SorinBiomedica, Diagnostic, Vercelli, Italy), 



Mohamed El-Far/Afr.J.Bio.Sc.6.12(2024)                                                                   Page 5337 of 19     

                                                                                                                    

                          

 

and a positive result for the presence of HCV-RNA through quantitative polymerase chain 

reaction assay.All participants also underwent a variety of laboratory evaluations, including a 

complete blood count performed on blood treated with EDTA-K3, an analysis of the tumor 

marker alpha fetoprotein (AFP) from CanAg Diagnostics AB, Gothenburg, Sweden, and liver 

function tests (albumin, total bilirubin, AST, and ALT) using an automated biochemistry 

analyzer (A15, Biosystem, Spain) 

GraphPad Prism package v.5.0 (GraphPad Software, San Diego, CA) and SPSS 20.0 for 

Microsoft Windows (SPSS Inc.) were two examples of statistical software packages used for the 

statistical studies. Descriptive statistics were presented as mean ± SD and range or number 

(percentage) of patients with a particular condition. The student t-test was utilized to assess 

differences in continuous data, while the Chi-square (X2) test was applied to categorical 

variables. All tests were two-tailed with statistical significance set at the 0.05 level. The odds 

ratios were calculated using logistic regression models, and the Pearson correlation coefficient 

was used to evaluate correlation. Furthermore, the area under the receiver operating 

characteristic (ROC) curves was used to calculate the diagnostic accuracy of different variables. 

Results 

According to the study results, there were statistically significant differences in liver 

fibrosis stages between age groups (P<0.0001). Patients under 50 years old were more likely to 

have mild to moderate fibrosis, whereas those over 50 years old were more likely to have more 

advanced stages. In addition, patients with more advanced stages of fibrosis had greater body 

mass indices than those with milder stages. Furthermore, a significant negative connection 

(P<0.0001) was found between the platelet count and the rate at which liver fibrosis progresses. 

The platelet counts of patients with advanced fibrosis, cirrhosis, and substantial fibrosis 

were lower than those without these conditions, respectively. Based on P>0.05, there were no 

significant variations in fasting blood glucoseand INR amongst the various fibrosis groups as 

shown in Table1. In general, greater ALT levels (> 60 U/L) had been linked to CHC patients 

with varying stages of fibrosis. As liver fibrosis advanced, there was a non-significant rise 

(P<0.05) in total bilirubin levels and AST activity. Furthermore, the study's findings showed a 

negative correlation between albumin levels and the advancement of liver fibrosis. As shown in 

the Table 1, patients with severe fibrosis stages (F2-F4, F3-F4, and F4) had lower albumin levels 

than patients with lower or milder fibrosis stages (F0-F1, F0-F2, F0-F3).  

The subsequent step of this investigation was dedicated to evaluating TIMP-1 levels 

across various stages of hepatic fibrosis and assessing its diagnostic accuracy for different liver 

fibrosis stages.The results showed that individuals with F2-F4 had significantly higher 

concentrations of TIMP-1 than patients with F0-F1 (Figure 1A). For F2-F4 patients, the average 

TIMP-1 level was determined to be 117.3 (ng/mL), but for F0-F1 patients, it was 67.4 (ng/mL). 

As seen in Figure 1B, these data showed that F2-F4 patients had 1.74-fold higher TIMP-1 levels 

than F0-F1 patients.Additionally, compared to F0-F2 patients, there was a discernible increase in 

TIMP-1 levels in F3-F4 patients (Figure 2A). Figure 2B illustrates a 1.79-fold increase in TIMP-

1 levels for F3-F4 patients compared to F0-F2 patients, with the mean TIMP-1 concentrations for 

these patients being 119.8 (ng/mL) and 69.6 (ng/mL), respectively.Furthermore, compared to 

non-cirrhotic individuals, the results showed a considerable rise in TIMP-1 levels in cirrhotic 

individuals (Figure 3A). For cirrhotic individuals, the mean TIMP-1 concentration was 139.1 

(ng/mL), while for non-cirrhotic persons, it was 78.9 (ng/mL). As shown in Figure 3B, it was 

found that cirrhotic patients had 1.90 times higher TIMP-1 levels than non-cirrhotic (F0-F3) 

people. 
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The ROC curve was used in the current study to assess TIMP-1's diagnostic 

effectiveness. As shown in Figure 4A, the results showed that TIMP-1 could correctly identify 

F2-F4 patients with an AUC of 0.83. TIMP-1 levels above 82.35 indicated considerable fibrosis, 

whereas levels equal to or below 82.35 showed non-significant fibrosis. A cutoff value of 82.35 

was found for the best diagnosis of significant fibrosis. TIMP-1 demonstrated a sensitivity of 

75.0% and specificity of 66.4% in identifying F2-F4 individuals at this threshold. Figure 4B 

shows a scatter/dot plot that illustrates the distribution of TIMP-1 values at this cutoff point for 

patients with F2-F4 against those without.Moreover, Figure 5 showed the correlation between a 

patient's TIMP-1 levels and the probability that they had F2-F4. A TIMP-1 value of 82.35 or 

higher indicated a higher likelihood that the patient had F2-F4, whereas a value of 82.35 or lower 

indicated a lower likelihood.Figure 6A illustrates the AUC of 0.84 that was obtained for 

identifying F3-F4. Similar to this, a cutoff value of 85.1 was found using the ROC curve to get 

the best prediction for F3–F4. TIMP-1 showed 74.0% sensitivity and 71.0% specificity at this 

level for detecting F3-F4. A scatter/dot plot in Figure 6B showed the distribution of TIMP-1 

values at this cutoff point for patients with F3-F4 versus those with F0-F2. Patient F3-F4 

likelihood increases with TIMP-1 >85.1. On the other hand, the likelihood of the patient having 

F3-F4 decreases with TIMP-1≤85.1 (Figure 7). 
TIMP-1 application on cirrhotic individuals produced an AUC of 0.80, as shown in 

Figure 8A. 88.4 was found to be the ideal cutoff value using the ROC curve to predict cirrhosis 

(F4). TIMP-1 demonstrated 77.0% sensitivity and a 71.0% specificity for cirrhosis detection at 

this threshold (F4). Figure 8B shows a scatter/dot diagram that shows the distribution of TIMP-1 

at the liver cirrhosis cutoff point in relation to liver cirrhosis patients lacking F0-F3. F4 

classification was more likely to be assigned to patients whose TIMP-1 levels were greater than 

88.4. on the other hand, individuals who had TIMP-1 levels higher than 88.4 were more likely to 

be categorized as F4. On the other hand, those with TIMP-1 ≤ 88.4 were less likely to be 
classified as F4 (Figure 9). 

Discussion 

  A chronic liver illness called hepatic fibrosis is caused by an excessive buildup of fibrous 

connective tissue in the extracellular matrix (ECM) surrounding injured tissues. Hepatic fibrosis, 

the main pathogenic factor for liver failure and a crucial feature in individuals with end-stage 

liver disease, including HCC, is the main source of chronic liver damage (Antar et al., 2023). It is 

thought that the overproduction of ECM in hepatic stellate cells causes a six-fold increase in 

ECM fragments deposited in Disse's space, which in turn causes liver damage and the 

development of liver fibrosis (Gudowska et al., 2017).In fact, among CHC patients, the chance 

of disease progression is substantially correlated with the severity of hepatic fibrosis and 

inflammation at the time of diagnosis. Furthermore, decisions about antiviral therapy and disease 

surveillance are influenced by the histologic stage in CHC patients(Ginès et al., 2022). Of note, 

Fibrosis can now be assessed using a variety of non-invasive blood and image-based assays that 

combine physiological, physical, or biological approaches, such as tissue stiffness imaging or 

serum biomarkers.(Bera et al., 2024; Patel and Sebastiani, 2020). However, these non-invasive 

tests face limitations such as variability, inadequate accuracy, and error risk (Patel and 

Sebastiani, 2020). There are very little longitudinal data that use these tests for screening. Non-

invasive test screening could be less expensive, but it needs to be validated(Serra-Burriel et al., 

2019). Therefore, there is a rising medical need for the development of non-invasive tests that 

can reliably predict the initial stage of the disease as well as the evolution of fibrosis over time. 

Therefore, the purpose of this study was to evaluate how well serum TIMP- estimates hepatic 
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fibrosis staging in CHC patients.Aminotransferase activity is a critical disease measure and 

hepatic damage indicator in CHC patients. AST is mostly present in the mitochondria and is also 

utilized as a marker of liver damage in CHC patients. ALT is found in the cytoplasm of 

hepatocytes, where it transfers amino groups(Kobayashi et al., 2011; Maulidia et al., 2020). In 

this investigation, we found a correlation between higher ALT levels (> 60 U/L) and various 

fibrosis phases in our CHC patients. Although the difference was not statistically significant, 

patients with substantial fibrosis, advanced fibrosis, and cirrhosis, respectively, had somewhat 

lower serum ALT activity than those without these conditions. As liver fibrosis advanced, there 

was a non-significant rise (P<0.05) in AST activity.  

Many growth factors that are essential for organ development, tissue regeneration, and repair 

processes are present in platelets(Kurokawa et al., 2016). Research has shown that in chronic 

liver disease, platelets release growth factors that promote tissue healing in addition to causing 

liver damage through T cell-mediated immunological responses(Meyer et al., 2015; Nowatari et 

al., 2014). Clinical data indicates that platelet count may be used to assess liver steatosis and 

fibrosis severity in patients with nonalcoholic fatty liver disease (NAFLD) as well as to 

distinguish between severe fibrosis in hepatitis C patients (Khokhar, 2003; Yoneda et al., 2011). 

Indeed, people with CHC infection typically have a lower platelet count. Numerous factors, such 

as decreased thrombopoietin production, which may hinder platelet formation in the bone 

marrow, are frequently implicated in this thrombocytopenia. Furthermore, sequestration of 

platelets might result from splenomegaly, a typical hallmark of CHC, which lowers the number 

of circulating platelets. Furthermore, an HCV infection can directly impair bone marrow 

function, which lowers the synthesis of platelets(Huang et al., 2022). According to our 

research,the pace at which liver fibrosis progresses and platelet count were significantly 

negatively associated (P<0.0001). The platelet counts of patients with F2-F4, F3-F4, and F4 

were shown to be lower than those with F0-F1, F0-F2, F0-F3, respectively. Albumin, an 

exclusive product of the liver, is the predominant protein in circulation, with 60% of the total 

albumin pool located in the interstitial compartment. This protein is vital for maintaining 

vascular oncotic pressure. A decline in oncotic pressure, attributed to reduced albumin levels, 

leads to fluid extravasation into the peritoneal cavity, resulting in ascites. Additionally, albumin 

plays a crucial role in transporting various molecules like bilirubin, free fatty acids, drugs, and 

hormones. As the only protein produced solely by the liver, albumin makes up the majority of 

the proteins in circulation; the interstitial compartment contains 60% of the total albumin pool. 

The preservation of vascular oncotic pressure depends on this protein. As a result of decreased 

albumin levels, there is a drop in oncotic pressure, which causes fluid to leak into the peritoneal 

cavity and cause ascites. Furthermore, albumin is essential for the transportation of many other 

compounds, including hormones, medicines, free fatty acids, and bilirubin (Trebicka, 2022). 

Reduced serum albumin levels are a sign of hepatic impairment. Serum albumin levels are not 

immediately impacted by acute liver failure, but albumin production is reduced by chronic liver 

failure, which is frequently caused by cirrhosis (Nagao and Sata, 2010). Reduced albumin levels 

are a frequent side effect of CHC, especially in cases of severe liver disease(Heybe and Mehta, 

2024). Our results showed that albumin level was inversely proportional to liver fibrosis 

progression. Patients with F2-F4, F3-F4, and F4 were accompanied by lower albumin level than 

those with F0-F1, F0-F2, F0-F3, respectively. 

It is interesting to note that liver fibrosis, which is largely defined by an imbalance in the 

synthesis and breakdown of extracellular matrix, is commonly acknowledged as a common 

consequence of many chronic liver lesions. Interstitial collagen and other matrix components 
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accumulate as a result of this imbalance. Scar tissue and liver fibrosis are the results of the 

ongoing buildup of collagen I and III in hepatic fibrosis (Zhang et al., 2016).  

In the production and degradation of collagen, MMPs and their associated inhibitors - 

specifically, TIMPs - play a critical role. TIMPs are known to perform a variety of tasks, such as 

controlling protease activity, migration, and cell development. Different TIMPs family members' 

expression patterns have been connected to a number of chronic illnesses. Several investigations 

have shown that TIMP-1 expression gradually rises as liver fibrosis progresses, reaching a peak at 

the cirrhosis stage (Busk et al., 2014; Wu et al., 2017). In fact, TIMP-1's mechanisms for 

accelerating the development of liver fibrosis entail a complicated web of interactions that 

include suppressing MMPs, encouraging cell survival, and regulating inflammatory responses, all 

of which eventually contribute to the build-up of extracellular matrix and fibrosis.The ECM is 

broken down and remodeled by MMPs, which TIMP-1 binds to and suppresses. Fibrosis results 

from TIMP-1's inhibition of MMPs, which encourages the buildup of collagen and other ECM 

components. Additionally, it has been documented that TIMP-1 can prevent hepatocytes and 

HSCs - two important components of hepatic fibrogenesis - from going through apoptosis, or 

programmed cell death. TIMP-1 keeps these cells from dying so they can continue to make 

collagen and other fibrotic components. Furthermore, TIMP-1 has the ability to promote HSC 

activation, which is the process by which collagen and other ECM components are produced. 

Fibrosis is reinforced by a positive feedback loop that is created when activated HSCs produce 

TIMP-1. TIMP-1 can also support a pro-fibrotic environment by influencing the ratio of pro- to 

anti-inflammatory cytokines. This could be a factor in the ongoing liver damage and 

fibrosis(Nalluri et al., 2015; Thiele et al., 2017; Wang et al., 2011). Furthermore, it has been 

documented that TIMP-1 gene expression in liver tissue increases with the severity of liver 

fibrosis(Nie et al., 2002). Because TIMP-1 can decrease MMP1, MMP-8, and MMP-13 activities 

in liver tissues, which encourage ECM buildup and collagen deposition and exacerbate liver 

fibrosis, these genes have been identified as biomarkers of liver fibrosis(Nie et al., 2004). Our 

results showed that the concentration of TIMP-1 was found to increase significantly with liver 

fibrosis progression. Moreover, the findings showed that TIMP-1 enabled the correct 

identification of F2-F4, F3-F4 and F4 patients showing an AUC of 0.83, 0.84 and 0.80, 

respectively. 

Conclusion 

Our results indicated that the utilization of TIMP-1 facilitated the categorization of liver 

fibrosis with a considerable level of precision and efficacy in patients with CHC. 
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Figure 1. Quantification of TIMP-1 in addition to its observed fold changes in serum of chronic 

hepatitis C patients (A) The levels of TIMP-1 and (B) The distribution of observed fold changes 

for TIMP-1 for differentiating patients with significant fibrosis (F2-F4) from those with no/mild 

fibrosis (F0-F1). P>0.05 is considered non-significant, P<0.05 is considered significant. 
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Figure 2.Quantification of TIMP-1 in addition to its observed fold changes in serum of chronic 

hepatitis C patients (A) The levels of TIMP-1 and (B) The distribution of observed fold changes 

for TIMP-1 for differentiating patients with advanced fibrosis (F3-F4) from those with non-

advanced fibrosis (F0-F2). P>0.05 is considered non-significant, P<0.05 is considered 

significant and P<0.0001 is considered extremely significant. 
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Figure 3.Quantification of TIMP-1 in addition to its observed fold changes in serum of chronic 

hepatitis C patients (A) The levels of TIMP-1 and (B) The distribution of observed fold changes 

for TIMP-1 for differentiating patients with cirrhosis (F4) from those without cirrhosis (F0-F3). 

P>0.05 is considered non-significant, P<0.05 is considered significant and P<0.0001 is 

considered extremely significant. 
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Figure 4.Diagnostic accuracy and distribution of TIMP-1 for separating patients who developed 

significant fibrosis (F2-F4) from those without significant fibrosis (F0-F1). 
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Figure 5.The probability of patients to have significant fibrosis (F2-F4) in relation to TIMP-1. 

TIMP-1 greater than 82.35 indicates F2-F4 while PIIINP/Platelets ratio equal to or less than 

82.35 indicates F0-F1. 
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Figure 6. Diagnostic accuracy and distribution of TIMP-1 for separating patients who developed 

advanced fibrosis (F3-F4) from those without advanced fibrosis (F0-F2). 
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Figure 7.The probability of patients to have advanced fibrosis (F3-F4) in relation to TIMP-1. 

TIMP-1 greater than 85.10 indicates F2-F4 while PIIINP/Platelets ratio equal to or less than 

85.10 indicates F0-F1. 
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Figure 8.Diagnostic accuracy and distribution of TIMP-1 for separating patients who developed 

cirrhosis (F4) from those without cirrhosis (F4). 

 

 

 

 

 

 



Mohamed El-Far/Afr.J.Bio.Sc.6.12(2024)                                                                   Page 5352 of 19     

                                                                                                                    

                          

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 9.The probability of patients to have cirrhosis (F4) in relation to TIMP-1. TIMP-1 greater 

than 88.35 indicates F2-F4 while PIIINP/Platelets ratio equal to or less than 88.35 indicates F0-

F1. 
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Table 1.Patients’ characteristics 

Variables 
a
 

Different hepatic fibrosis stages 

F0-F1 F2-F4 P  F0-F2 F3-F4 P  F0-F3 F4 P
*
 

Age (years) 47.5±11.0 54.5±9.1 <0.0001  48.0±10.6 54.8±9.1 <0.0001  50.9±10.6 54.8±9.1 0.001 

BMI (kg/m
2
) 24.6±7.4 32.2±11.8 0.004  26.3±8.8 32.2±11.9 0.018  30.1±13.2 29.3±5.0 0.748 

FBG (mg/dL) 105±32 111±35 0.213  104±30 111±39 0.083  109±35 109±39 0.853 

INR 1.0±0.1 1.1±0.1 0.063  1.0±0.1 1.1±0.1 0.008  1.0±0.1 1.1±0.1 0.557 

Platelets (×10
9
/L) 199±73 156±67 <0.0001  196±8 155±66 <0.0001  180±70 153±71 0.002 

AST (U/L) 60.0±34.6 65.6±35.2 0.213  59.8±34.1 66.1±35.2 0.143  62.5±36.1 66.1±33.8 0.392 

AST/ALT 1.1±0.6 1.0±0.1 0.550  1.1±0.5 1.1±0.1 0.908  1.08±0.5 1.12±0.61 0.453 

Albumin (g/dL) 4.0±0.5 3.8±0.5 0.002  4.0±0.5 3.7±0.5 0.0001  3.9±0.5 3.7±0.4 0.0001 

Total bilirubin 0.8±0.4 0.9±0.3 0.097  0.8±0.4 0.9±0.3 0.085  0.8±0.4 0.9±0.3 0.725 

Values were expressed as mean ± SD. 
a
Reference values: Body mass index (BMI) 18.5 – 24.9; Fasting blood glucose (FBG) 70-110 mg/dL; 

International normalized ratio (INR) 1; Platelet count 150-400 ×109/L.Aspartate aminotransferase (AST) (male up to 37 U/l, female up to 31 

U/l); albumin 38-54 g/dL; total bilirubin up to 1 mg/dL. 
*
P>0.05 is considered non-significant, P<0.05 is considered significant.. 


