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Abstract

Background. Somatostatin and its synthetic analog octreotide are suppressive hormones
that have been used in the treatment of variceal bleeding or bleeding from portal hy-
pertensive gastropathy. They are also used in the treatment of some cancers, including
hepatocellular carcinoma (HCC). Experimental evidence reported that they have potentially
useful effects on liver inflammation and fibrosis, acting on Kupffer cells (KCs) and hepatic
stellate cells (HSCs). However, clinical data is missing. Therefore, the effect of somatostatin
and octreotide was studied on several fibrosis mediators in patients with compensated
cirrhosis. Patients and Methods. Fifty-eight patients with HCV-related compensated
cirrhosis treated with either somatostatin or octreotide for bleeding from portal gastropathy
were compared with twenty-nine healthy controls matched for age and sex. Serum levels
of three metalloproteases (MMP1, MMP2 and MMP9) and their inhibitors, TIMP1 and
TIMP2, were measured. Additional fibrosis and inflammation mediators—such as nitric
oxide (NO), TNFα, soluble ICAM-1, and the CC chemokines RANTES (CCL5) and MIP1a
(CCL3)—were also measured. Results. Serum levels of MMP1, MMP2, MMP9 and TIMP1
were significantly decreased in cirrhosis (p < 0.01). TIMP2 levels were increased (p < 0.01).
RANTES levels were also significantly decreased (p < 0.01), but NO, TNFα, MIP1a and
sICAM-1 were significantly increased (p < 0.01). Administration of somatostatin had no
effect on MMP2 or MMP9 but significantly decreased all other mediators. Octreotide had
similar but milder effects, but it had no effects on MIP1a and sICAM-1 were demonstrated.
Conclusions. Somatostatin and octreotide modulate factors implicated in the progression
of fibrosis in the short term. Whether they could be used in the long term as treatment
for liver diseases with progressive fibrosis or in cases with intense inflammatory reactions,
such as alcoholic hepatitis, requires further investigation.

Keywords: MMPs; TIMPs; ICAM-1; nitric oxide; CC chemokines; TNFα; somatostatin;
octreotide

1. Introduction
Fibrosis and cirrhosis are common results of chronic liver diseases, irrespective of

etiology [1]. The critical initiating event of fibrosis is injury to hepatocytes, leading to sterile
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inflammation and the activation of inflammasomes caused by damage-associated molecular
patterns (DAMPs) [2]. The progression of fibrosis is regulated by several exogenous and
endogenous factors [3], such as serum exosomes, which may either favor the activation of
HSCs through miR-574-5p [4] or ameliorate fibrosis through the release of anti-apoptotic
factors caused by natural killer cells [5]. Whatever the mechanisms might be, liver fibrosis
is the result of the accumulation of extracellular matrix (ECM) due to an imbalance between
increased synthesis and decreased degradation of ECM, which is regulated by matrix
metalloproteinases (MMPs) and their natural tissue inhibitors (TIMPs) [6,7].

MMPs are a group of zinc-dependent peptidases that degrade ECM and basement
membrane collagen [8]. MMPs are highly regulated either at the level of gene expression or
by the conversion of latent pro-MMPs into active enzymes in the extracellular environment.
MMP activity is regulated by TIMPs, which form conglomerates with active MMPs [9].
Twenty-four MMPs have been described in humans so far. They are classified into six
classes. The first two classes, namely collagenases and gelatinases, have been extensively
studied in association with fibrosis [10]. MMP-1 (EC 3.4.24.7) degrades native collagen. The
initial degradation of fibrillar collagens caused by MMP-1 allows for further degradation
into smaller fragments caused by gelatinases [11,12]. MMP-2 (gelatinase A; EC 3.4.24.24,
72-kDa) and MMP-9 (gelatinase B; EC 3.4.24.35, 92-kDa) are involved in the degradation of
collagen IV in the basement membranes and, therefore, are involved in the early steps of
fibrosis development in chronic liver disease [10,13]. Dysregulated MMPs are implicated in
cirrhosis irrespective of etiology [12,14,15]. A detailed review of the functions of MMPs in
liver disease has recently been published [16].

Four physiological inhibitors (TIMPs 1–4) regulate the proteolytic activities of MMPs
and participate in ECM accumulation [8]. TIMP-1 binds to the active form of MMP-9 in a 1:1
ratio [17]. Moreover, a second pro-fibrotic mechanism has been attributed to TIMP-1. It was
shown that TIMP-1 inhibits the apoptosis of activated HSCs, thus favoring the continuation
of fibrosis [18].

Nitric oxide (NO) is a molecule that regulates the sinusoidal tone caused by the nitric
oxide–cyclic guanosine monophosphate (NO-cGMP) system. Liver NO is produced by
sinusoidal endothelial cells (LSECs) through the action of the enzyme endothelial NO
synthase (eNOS) and in KCs by inducible NO synthase (iNOS). NO is transported to
HCSs where it activates soluble guanylate cyclase (sGC), leading to the formation of cGMP.
In cirrhosis, NO formation is compromised, which results in sinusoidal constriction and
increased intrahepatic flow resistance [19,20], but in cirrhosis, the so-called NO paradox
exists, referring to decreased hepatic NO, leading to the constriction of the sinusoids and
increased NO in the peripheral circulation [21,22]. At the same time, NO is involved in liver
fibrosis through an interplay with TNF-a. TNF-a may either induce NO or be induced by
NO. In a murine study, iNOS-derived NO caused upregulation of pro-inflammatory genes,
leading to liver inflammation by stimulating TNF-a production [23]. The balance between
NO and reactive oxygen species (ROS) under physiological circumstances maintains home-
ostasis in LSECs. ROS can suppress NO, limiting NO bioavailability, which favors liver
fibrosis. After liver damage, a switch from a pro-regenerative phenotype to a pro-fibrotic
phenotype in LSECs is observed, increasing liver fibrosis through the ERK1/2-AKT axis.
ERK1/2 switches the balance between NO and ROS toward NO-favoring regeneration.
AKT switches the balance toward ROS, leading to fibrosis [24].

Increased expression of adhesion molecules at the surface of liver sinusoidal endothe-
lial cells (LSECs), such as ICAM-1 and VCAM-1, indicates dysfunctional LSECs [25–27].
ICAM-1 and VCAM-1 on KCs are involved in direct KC-LSEC adhesion by binding to
integrins [28]. Abnormal activation of LSECs interrupts their interplay with HSCs and KCs
and promotes liver fibrosis [29].
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An additional regulator of liver fibrosis is the secretion of several chemokines. CC
chemokines, such as macrophage inflammatory protein MIP-1a (CCL3) and the regulated
on activation normal T expressed and secreted chemokine (RANTES, CCL5), recruit im-
mune cells into the liver [30]. Hepatic fat accumulation induces the production of CCL5
synthesis [31]. CCL5 is the ligand for both CCR1 on liver macrophages and CCR5 on HSCs,
leading to increased fibrosis [32,33].

Somatostatin (SST) is a hormone with various mostly suppressive effects in sev-
eral parts of the body. SST circulates in two active forms: a 14-amino-acid molecule
(somatostatin-14) and a 28-amino-acid molecule (somatostatin-28). They are high-affinity
ligands for the five receptor subtypes identified so far [34]. The synthetic SST analog
octreotide only binds to SST receptor subtypes 2 and 5, with reduced affinity to sstr3.
Somatostatin and octreotide may affect inflammation and fibrosis [35]. Octreotide was
recently shown to attenuate liver fibrosis in a rat fibrosis model [36]. Earlier in vitro stud-
ies demonstrated that octreotide significantly reduced the secretion of pro-inflammatory
cytokines and pro-fibrotic mediators by rat KCs [37,38], similarly to natural SST [39,40].
However, data from clinical studies are missing, particularly from advanced fibrosis and
cirrhosis, where somatostatin or octreotide are frequently used as a treatment of variceal
bleeding and bleeding from hypertensive portal gastropathy [41], or in trials of hepatocel-
lular carcinoma (HCC) [35]. Therefore, we studied three important metalloproteases and
their inhibitors in association with certain inflammatory mediators, such as ICAM-1, nitric
oxide, TNFα, and the CC chemokines RANTES and MIP-1a, to examine the basic levels of
these factors in a selected group of compensated cirrhosis and to see if somatostatin and its
analog octreotide have similar effects on these patients after their administration.

2. Materials and Methods
2.1. Patients

This was a retrospective clinical–laboratory cohort analysis.
Inclusion criteria: Age range, 18–70 years, HCV RNA positivity. Abstinence from

or use of alcohol less than 10 g per day for women and 20 g per day for men.
Compensated cirrhosis.

Exclusion criteria: Presence of autoantibodies related to liver diseases. Presence of
viral liver disease other than HCV. Any indication of portal vein thrombosis. Presence
of decompensated cirrhosis. Patients under 18 years old. Active infections, autoimmune
conditions, or other comorbidities known to interfere with fibrosis. Absence of metabolic
syndrome. Absence of prior informed consent for participation.

Fifty-eight patients with HCV-related compensated cirrhosis (age, 38–67 years; males,
38) received either somatostatin or octreotide for portal hypertensive gastropathy bleeding
(an intravenous bolus of 250 µg SST was followed by a continuous infusion of 250 µg/h for
4 days) [41] or a 250 µg bolus of octreotide followed by a continuous infusion of 125 µg/h
for 4 days). All patients responded to treatment, and no other supportive treatment,
including blood transfusions, was used. They were compared to 29 healthy controls
matched for age and sex, selected from the hospital staff. Demographics of patients are
presented in Table 1.

Table 1. Demographics of patients.

Somatostatin Octreotide Controls

Number 29 29 29

Age range 42–64 38–67 40–61

Sex(male/female) 18/29 20/29 20–29
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Table 1. Cont.

Somatostatin Octreotide Controls

Esophageal varices 22/29 23/29

Child–Pugh score (A/B/C) 8/21/0 6/23

MELD 15 ± 6 16 ± 2

INR 2.1 ± 0.7 1.9 ± 1.1

Bil (mg/dL) 1.8 ± 0.7 2.1 ± 0.4

PLT (K/µL) 115 ± 43 130 ± 52

SGPT (UI/L) 92 ± 45 79 ± 28

Decompensated cirrhosis was excluded on the basis of the presence or history of one
or more of the following: ascites, variceal bleeding, hepatic encephalopathy, or jaundice
due to disease progression [42]. Bleeding from portal gastropathy alone was not considered
decompensation. Blood samples were collected on day 5 after drug initiation. Samples
were centrifuged at 1100 g for 10 min, and sera were stored at −80 ◦C until measured.
The research protocol was approved by the Ethics Committee of the University Hospital
(23753/2025 and 836/2025), and the study was performed in accordance with the principles
of the Declaration of Helsinki.

2.2. Materials

All chemicals were purchased from Sigma-Aldrich (Munchen, Germany). Only HEPES
was purchased from MERCK (Darmstadt, Germany).

2.3. Methods

NO serum levels were measured by the determination of their metabolite nitrite
(NO2

−) plus nitrate (NO3
−), as the parent compound is very short-lived with a half-life of

2–3 s. A slightly modified Griess reaction was used. In total, 100 µL of serum was incubated
for 30 min at 37 ◦C in an incubation mixture containing 0.2 U/mL Aspergillus nitrate
reductase, 5 µM FAD, and 0.1 mM NADPH in 50 mM HEPES buffer (total volume 500 µL)
for the conversion of nitrate into nitrite. After incubation, 5 µL of lactate dehydrogenase
(1500 U/mL) and 50 µL of 100 mM pyruvic acid were added to each tube to oxidize any
unreacted NADPH (reduced pyridine nucleotides strongly inhibit the Griess reaction).
Samples were then incubated for an additional 10 min at 37 ◦C. Finally, 1 mL of pre-mixed
Griess reagent was added to each tube. After a 10 min incubation at room temperature,
samples were measured at 543 nm with a Hitachi U-2000 Spectrophotometer (Hitachi
High-Technologies Corporation, Tokyo, Japan) [43].

Serum levels of MMP-1, MMP-2, MMP-9, TIMP-1, TIMP-2, ICAM-1, RANTES, MIP1a
and TNFα were measured using Human Quantikine ELISA kits according to the man-
ufacturer’s instructions (all from R&D Systems, Minneapolis, MN, USA). MMP2 ELISA
recognizes human active, pro-, and TIMP-complexed MMP-2. MMP9 ELISA measures
natural 92 kDa, Pro-MMP-9 and the 82 kDa active MMP-9 but not the 65 kDa form. Data
were read in a Biotek ELx800 microplate reader (Winooski, VT, USA).

MMP-2 and -9 were also measured by zymography, which recognizes both active
enzyme and pro-enzyme forms, either free or attached to TIMPs. The assay was performed
in 10% sodium dodecyl sulfate (SDS)–polyacrylamide gels containing 0.1% gelatin (Zymo-
gram ready gels, Bio-Rad Laboratories, Hercules, CA, USA). After electrophoresis, gels
were washed with 1.5% Triton X-100 for 60 min to remove SDS. After an overnight incuba-
tion in a mixture containing 50 mM Tris/HCl, pH 8.0, 200 mM NaCl, 5 mM CaCl2, 0.2% Brij
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35 at 37 ◦C, gels were stained with Coomasie brilliant blue R-250 and extensively destained
with 10% acetic acid/20% methanol in water. Clear bands of gelatin proteolysis against a
blue background were quantified using densitometry connected to a gel documentation
(Gel-doc 2000) and analysis system (QuantiscanTM, Biosoft, Cambridge, UK). Recombinant
activated MMP-2 and MMP-9 (Oncogene Research Products, San Diego, CA, USA) were
incorporated into every gel, and only the free active forms were calculated from standard
curves [44].

2.4. Statistical Analysis

Results are presented as means ± SD. Results before treatment are presented as bar
plots. Absolute biomarker levels are shown as mean ± SD, while treatment-related changes
are illustrated using group-level percent change (∆%).

2.4.1. Comparison Analysis (Baseline Group Comparisons, Before Treatment Administration)

Data distribution was assessed using the Shapiro–Wilk test, and all biomarkers were
found to follow a normal distribution.

Baseline differences between healthy controls and patients with cirrhosis were as-
sessed using independent samples t-tests. Effect sizes were calculated using Cohen’s d to
quantify the magnitude of between-group differences. A p-value < 0.05 was considered
statistically significant.

2.4.2. Paired Analysis

Data distribution was assessed using the Shapiro–Wilk test, and all biomarkers were
found to follow a normal distribution.

Within-group treatment effects were assessed by comparing pre- and post-treatment
biomarker levels separately in the somatostatin and octreotide groups using a paired
Student’s t-test.

2.4.3. Between-Treatment Comparison

Differences in treatment response between somatostatin and octreotide were evaluated
using independent samples t-tests based on pre-to-post-treatment changes. Effect sizes
were reported as Cohen’s d.

All statistical tests were two-sided, and a p-value < 0.05 was considered statistically
significant. Exact p-values are reported. All statistical analyses were predefined and
performed on a per-biomarker basis using targeted pairwise (1-vs.-1) comparisons, using
independent or paired Student’s t-tests, following confirmation of normal data distribution
by the Shapiro–Wilk test. No omnibus testing or post hoc multiple comparisons were
conducted, and each biomarker represented an independent, hypothesis-driven endpoint.
Therefore, a formal correction for multiple testing was not applied.

Given the retrospective design of the study and the limited sample size in certain
subgroups, no a priori power calculation was performed. The potential risk of type II
error, particularly in non-significant comparisons, is acknowledged and considered in the
interpretation of the results.

3. Results
3.1. MMP2 Zymography

Mean values for the total number of patients with cirrhosis (58) were 292.9± 116.6 ng/mL.
They were significantly lower (p < 0.01) compared to normal controls (426 ± 44), with a large
effect size (Cohen’s d = 1.3). There was no difference (p = 0.95) before (330.5 ± 150.3) or
after somatostatin administration (329.7 ± 142.7) or before (287.4 ± 72.3) or after octreotide
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administration (280.6 ± 75.2, p = 0.6). No statistical change in response was also found
between somatostatin and octreotide (p = 0.7) (Figure 1).

Figure 1. (Left) Zymography. Baseline serum levels of MMP2 in cirrhotic patients (58) and healthy con-
trols (29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect
of somatostatin (29 patients) and octreotide administration (29 patients) on the serum levels of
MMP2. Sample sizes are similar in all subsequent figures. Bars represent the difference (∆) between
pre-treatment and post-treatment levels. ** p < 0.01.

3.2. MMP2 ELISA

Mean values for the total number of patients with cirrhosis (58) were 830.8 ± 313.6 ng/mL.
They were significantly lower (p < 0.05) compared to normal controls (1554 ± 410), with a large
effect size (Cohen’s d = 2). There was a significant difference (p < 0.01) before (937.2 ± 259.4)
or after somatostatin administration (558.8 ± 293.3) but not before (784.4 ± 330.8) or
after octreotide administration (677.8 ± 252.6, p = 0.6). There was a statistical difference
in the response between somatostatin and octreotide (p < 0.03), with a large effect size
(Cohen’s d = 1.2) (Figure 2).

3.3. MMP9 Zymography

Mean values for the total number of patients with cirrhosis (58) were 2.7 ± 0.46 ng/mL.
They were significantly lower (p < 0.01) compared to normal controls (5.4 ± 1.7), with a
very large effect size (Cohen’s d = 2.5). There was no difference (p = 0.90) before (2.8 ± 0.36)
or after somatostatin administration (2.9 ± 0.22) or before (2.3 ± 0.97) or after octreotide
administration (2.1 ± 0.71, p = 0.8). No statistical difference in response was also found
between Somatostatin and octreotide (p = 0.7) (Figure 3).
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Figure 2. (Left) ELISA. Baseline serum concentrations of MMP2 in cirrhotic patients (58) and
healthy controls (29) before treatment. Serum levels are presented as mean ± Standard Deviation.
(Right) Effect of somatostatin and octreotide administration on the serum levels of MMP2. Bars
represent the difference (∆) between pre-treatment and post-treatment levels. * p < 0.05.

Figure 3. (Left) Zymography. Baseline serum levels of MMP9 in cirrhotic patients (58) and healthy con-
trols (29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect
of somatostatin and octreotide administration on the serum levels of MMP9. Bars represent the
difference (∆) between pre-treatment and post-treatment levels. ** p < 0.01.

3.4. MMP9 ELISA

These results were similar to the zymography results. Mean values for the total
number of patients with cirrhosis (58) were 23.4 ± 7.2 ng/mL. They were significantly
lower (p < 0.01) compared to normal controls (63.4 ± 9.7), with a very large effect size
(Cohen’s d = 4.9). There was no difference (p = 0.84) before (21.3 ± 6.8) or after somato-
statin administration (19.3 ± 7.3) or before (24.6 ± 5.5) or after octreotide administration
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(26.9 ± 7.1, p = 0.70). No statistical difference in response was also found between somato-
statin and octreotide (p = 0.69) (Figure 4).

Figure 4. (Left) ELISA. Baseline serum concentrations of MMP2 in cirrhotic patients (58) and
healthy controls (29) before treatment. Serum levels are presented as mean ± Standard Deviation.
(Right) Effect of somatostatin and octreotide administration on the serum levels of MMP9. Bars
represent the difference (∆) between pre-treatment and post-treatment levels. ** p < 0.01.

3.5. MMP1

Mean values for the total number of patients with cirrhosis (58) were 67.33 ± 15.2 ng/mL.
They were significantly lower (p < 0.01) compared to normal controls (121.8 ± 47.3), with a large
effect size (Cohen’s d = 1.8). There was a significant difference (p < 0.01) before (68.45 ± 18.5)
or after somatostatin administration (49.34 ± 24.8) or before (66.8 ± 5.2) or after octreotide
administration (58.95 ± 22.6, p = 0.04). However, there was no statistical difference in
response between somatostatin and octreotide (p = 0.087) (Figure 5).

3.6. TIMP1

Mean values for the total number of patients with cirrhosis (58) were 477.7 ± 99.6 ng/mL.
They were significantly lower (p < 0.01) compared to normal controls (928 ± 180.8), with a
very large effect size (Cohen’s d = 3.43). There was a significant difference (p < 0.01) before
(496.7 ± 126.1) or after somatostatin administration (247.5 ± 69.6) or before (466.4 ± 97.5)
or after octreotide administration (282.6 ± 89.4, p < 0.01). However, there was a significant
statistical difference in response between somatostatin and octreotide (p < 0.05), with a
moderate effect size (Cohen’s d = 0.79) (Figure 6).
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Figure 5. (Left) Baseline serum concentrations of MMP1 in cirrhotic patients (58) and healthy controls
(29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect
of somatostatin and octreotide administration on the serum levels of MMP1. Bars represent the
difference (∆) between pre-treatment and post-treatment levels. ** p < 0.01.

Figure 6. (Left) Baseline serum concentrations of TIMP1 in cirrhotic patients (58) and healthy controls
(29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect
of somatostatin and octreotide administration on the serum levels of TIMP1. Bars represent the
difference (∆) between pre-treatment and post-treatment levels. * p < 0.05, ** p < 0.01.
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3.7. TIMP2

Mean values for the total number of patients with cirrhosis (58) were 117.1 ± 39.7 ng/mL.
They were significantly higher (p < 0.01) compared to normal controls (64.2 ± 23.6), with a large
effect size (Cohen’s d = 1.5). There was a significant difference (p < 0.01) before (117.9 ± 48.8)
or after somatostatin administration (84.7 ± 24.9) or before (116.7 ± 36.9) or after octreotide
administration (94.2 ± 14.9, p < 0.01). There was no statistical difference in response
between somatostatin and octreotide (p = 0.3) (Figure 7).

Figure 7. (Left) Baseline serum concentrations of TIMP2 in cirrhotic patients (58) and healthy controls
(29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect
of somatostatin and octreotide administration on the serum levels of TIMP2. Bars represent the
difference (∆) between pre-treatment and post-treatment levels. ** p < 0.01.

3.8. NO

Mean values for the total number of patients with cirrhosis (58) were 69.9 ± 16.8.
They were significantly higher (p < 0.01) compared to normal controls (43.2 ± 8.9), with
a large effect size (Cohen’s d = 1.8). There was a significant difference 4 (p < 0.02) before
(66.1 ± 16.9) or after somatostatin administration (56.4 ± 20.3) or before (72.2 ± 17.3) or
after octreotide administration (58.7 ± 16.2, p < 0.01). There was no statistical difference in
response between somatostatin and octreotide (p = 0.3) (Figure 8).

3.9. RANTES/CCL5

Mean values for the total number of patients with cirrhosis (58) were 16.7 ± 5.3 ng/mL.
They were significantly lower (p < 0.01) compared to normal controls (13.3 ± 4.4), with
a moderate effect size (Cohen’s d = 0.72). There was a significant difference (p < 0.01)
before (13.4 ± 4.1) or after somatostatin administration (8.6 ± 5.3) or before (13.2 ± 6.1) or
after octreotide administration (9.8 ± 14.1, p < 0.01). There was no statistical difference in
response between somatostatin and octreotide (p = 0.19) (Figure 9).
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Figure 8. (Left) Baseline serum concentrations of NO in cirrhotic patients (58) and healthy controls
(29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect of
somatostatin and octreotide administration on the serum levels of NO. Bars represent the difference
(∆) between pre-treatment and post-treatment levels. ** p < 0.01.

Figure 9. (Left) Baseline serum concentrations of RANTES (CCL5) in cirrhotic patients (58) and
healthy controls (29) before treatment. Serum levels are presented as mean ± Standard Deviation.
(Right) Effect of somatostatin and octreotide administration on the serum levels of RANTES. Bars
represent the difference (∆) between pre-treatment and post-treatment levels. ** p < 0.01.
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3.10. MIP1a

Mean values for the total number of patients with cirrhosis (58) were 5073.3 ± 2494.8 pg/mL.
They were significantly higher (p < 0.01) compared to normal controls (1254.4 ± 579.3), with
a large effect size (Cohen’s d = 1.8). There was a significant difference (p < 0.01) before
(4437.5 ± 1529.4) or after somatostatin administration (2972.6 ± 1437.8), but not before
(6031.8 ± 2825.4) or after octreotide administration (5075.2 ± 2796.9, p = 0.13). There was no
statistical difference in response between somatostatin and octreotide (p = 0.20) (Figure 10).

Figure 10. (Left) Baseline serum concentrations of MIP1a (CCL3) in cirrhotic patients (58) and
healthy controls (29) before treatment. Serum levels are presented as mean ± Standard Deviation.
(Right) Effect of somatostatin and octreotide administration on the serum levels of MIP1a. Bars
represent the difference (∆) between pre-treatment and post-treatment levels. ** p < 0.01.

3.11. ICAM-1

Mean values for the total number of patients with cirrhosis (58) were 37.6 ± 11.3 ng/mL.
They were significantly higher (p < 0.01) compared to normal controls (15.5 ± 4.8), with a large
effect size (Cohen’s d = 2.2). There was a significant difference (p < 0.01) before (36.2 ± 16.1)
or after somatostatin administration (19.6 ± 15.6) but not before (38.2 ± 13.8) or after
octreotide administration (32.4 ± 16.1, p = 0.09). There was a significant statistical difference
in response between somatostatin and octreotide (p < 0.02), with a large effect size (Cohen’s
d = 0.93) (Figure 11).

3.12. TNFα

Mean values for the total number of patients with cirrhosis (58) were 12.6 ± 2.5 pg/mL.
They were significantly higher (p < 0.01) compared to normal controls (6.6 ± 1.3), with
a very large effect size (Cohen’s d = 2.7). There was a significant difference (p < 0.01)
before (11.9 ± 1.9) or after somatostatin administration (3.5 ± 0.8) or before (13.1 ± 3.1)
or after octreotide administration (3.3 ± 1.1, p < 0.01). There was a statistical difference
in response between somatostatin and octreotide (p < 0.03), with a moderate effect size
(Cohen’s d = 0.69) (Figure 12).
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Figure 11. (Left) Baseline serum concentrations of sICAM-1 in cirrhotic patients (58) and healthy con-
trols (29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect
of somatostatin and octreotide administration on the serum levels of sICAM-1. Bars represent the
difference (∆) between pre-treatment and post-treatment levels. * p < 0.05, ** p < 0.01.

Figure 12. (Left) Baseline serum concentrations of TNFα in cirrhotic patients (58) and healthy controls
(29) before treatment. Serum levels are presented as mean ± Standard Deviation. (Right) Effect of
somatostatin and octreotide administration on the serum levels of TNFα. Bars represent the difference
(∆) between pre-treatment and post-treatment levels. * p < 0.05, ** p < 0.01.

4. Discussion
This study demonstrated that several factors that are either implicated in ECM degra-

dation or indirectly promote fibrosis through inflammation are deranged in a select group
of HCV-related compensated cirrhotic patients. Moreover, short-term administration of
either somatostatin or its analog octreotide has a significant effect on these factors. Irrespec-
tive of the multiple molecular mechanisms leading to cirrhosis, the final outcome depends
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on the balance between the production and degradation of ECM [45,46]. It should be noted
that all patients responded to treatment, and no other supportive treatment, including
blood transfusions, was used. Therefore, the possibility that other confounding factors
were responsible for the results is minimal, although it cannot be completely dismissed.

In this study, three of the most important MMPs were studied by immunological
ELISA assays. ELISAs can accurately measure the amount of an individual MMP present
but often do not distinguish between proenzymes, active enzymes, or inhibitor-complexed
enzymes. This is why the active forms of MMP2 and MMP9 were also measured by gel
zymography. The two important natural inhibitors of MMPs were also studied, as the
enhancement of matrix degradation may be achieved by either reducing the level of TIMPs
or by increasing the concentration of MMPs [47]. Interestingly, we found decreased levels
of TIMP1 but significantly increased levels of TIMP2. Serum levels of all three MMPs were
significantly decreased in compensated cirrhosis compared to healthy controls. Moreover,
this was true for both the active forms, MMP2 and MMP9, as measured by zymography
and the levels measured by ELISAs.

Earlier results for chronic HCV are conflicting. Variations in circulating and liver
MMPs and TIMPs have been attributed to the initiation and progression of fibrosis and
cirrhosis [48,49], but the reported results are controversial. In agreement with our findings,
MMP-1 was significantly decreased in several studies of either chronic HCV or HBV,
particularly in advanced METAVIR stages [50]. MMP-9 levels were decreased in advanced
fibrosis in HCV infection, similar to our results [51], but MMP2 was increased [52]. A
zymographic study reported that levels of MMP2 and MMP9 were significantly lower in
HBV patients compared to patients with chronic HCV [53]. To avoid such differences, we
chose only HCV-related cirrhosis in our study. The opposite results have also been reported.
A gradual higher expression of MMP-9 was demonstrated in parallel with an increasing
degree of liver fibrosis [54]. Also in disagreement with our study, MMP1, MMP2, MMP9
and TIMP1 were increased in chronic HCV. However, in a longitudinal analysis according
to fibrosis stage, a non-significant decrease in MMPs was observed in advanced fibrosis,
but the discrepancy with our study remained for TIMP1 [55]. In general, levels of MMP1,
MMP2 and MMP9 were reported as being increased, reduced or similar to controls [56–59].
However, it should be noted that in the early stages of liver injury, increased levels of
certain MMPs may be related to hepatocyte damage rather than fibrosis [13,60]. This
was supported by experimental evidence in a murine model, where deletion of MMP-9
attenuated acute liver injury [61]. An increase in TIMP1 was also found in chronic HCV,
particularly in cirrhosis, unlike our findings [62]. By contrast, results for TIMP-2 agree
with our findings, as in previous studies, TIMP 2 was uniformly increased with advanced
fibrosis [63]. The reason for the discrepancies is not apparent. A possible explanation for
the conflicting results is the variability of the assays used and their capability to measure
different fractions of MMPs in serum. Inclusion criteria and fibrosis staging could also be
additional factors. It should be noted that we used the Ishak classification, which is based
on both fibrosis and inflammation. Previous studies classify patients according to fibrosis
only. Another, more plausible explanation is that the discrepancies are due to the different
fibrosis stages during which the measurements were made, as recently demonstrated. In
HCV patients, TIMP1 levels were found to be upregulated in the F0 and F1 fibrotic stages
but were downregulated in F2, F3, and F4 compared to normal controls, in agreement with
our findings. MMP2 increased in F3-F4 compared to F0, but MMP9 decreased. Interestingly,
the assessment of collagenolytic activity by zymography was significantly reduced in F2,
F3 and F4 compared to F0 and F1 [64].

However, explanations for the reduced levels of MMPs can only be speculative. They
may indicate that KCs are not functioning properly in chronic liver disease. This has been
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shown in animal experiments, where the production of MMP-9 during fibrosis resolution
was significantly reduced after the depletion of KCs [65,66]. In addition, dysregulation
of regulatory T cells may affect gelatinases and TIMPs, as shown in a murine model [67].
However, data on humans are missing. MMP-9 and TIMP-1 are expressed in other organs
as well. However, due to the fact that no concomitant diseases were present in our patients,
it is plausible that the results are due to liver disease only [68].

The effects of somatostatin or octreotide administration showed that there was no
effect on the active MMP2 and MMP9, as measured by zymography. The same results were
obtained with the MMP9 immuno-assay. By contrast, MMP2 was reduced after somatostatin
but not after octreotide when measured by ELISA. MMP1 was significantly reduced after
both somatostatin and octreotide. In vitro experiments may form the background for
these findings. Experimental in vitro evidence demonstrates that KCs secrete substantial
amounts of MMP-1 and MMP9 after lipopolysaccharide stimulation. Octreotide causes an
increase in MMP-1 production, but MMP-9 secretion is repressed by octreotide. KCs do not
produce MMP-2 [38]. Octreotide has also been reported to affect HSCs in association with
the expression of SSTRs. Activated HSCs express SSTR subtypes 1, 2A, 2B, 3 and 4 [69]. It
was demonstrated that the effects of octreotide on HSCs were influenced by the cytokine
microenvironment, but collagen production was reduced, in agreement with previous
results that used natural somatostatin on the same cell line [70].

The effects of somatostatin or octreotide administration may be beneficial in liver
fibrosis. MMP-9 is related to the severity of fibrosis, and its downregulation may attenuate
fibrosis progression [58,71]. Additionally, active MMP-2 may promote HSC apoptosis in
association with decreased levels of TIMP-1 [72,73]. TIMP-1 overexpression, on the other
hand, as found in previous reports, will promote fibrosis [74]. Therefore, a reduction in
TIMP1, in association with the unaffected levels of active MMP2, as found in the present
study, may reduce fibrosis. It has been shown that the administration of synthetic siRNA
targeting TIMP-2 attenuates fibrosis by reducing HSC activation and collagen deposi-
tion [75]. Therefore, the reduction in TIMP2 caused by somatostatin and octreotide may
also attenuate fibrosis progression.

All other factors we measured were significantly dysregulated in compensated cirrho-
sis. In our study, cirrhotic patients have significantly higher levels of NO, a finding that has
also been reported before [76,77] in both compensated and decompensated cirrhosis [78],
as well as in patients with hepatocellular carcinoma [79]. By contrast, another study on
HCV and HBV patients found reduced serum levels of NO compared to controls [80], but
they measured only nitrites and not nitrates.

Interestingly, NO synthesized by eNOS maintains functional homeostasis and prevents
activation of HSCs [24]. However, excess NO synthesized by induced iNOS can provoke or
exacerbate hepatic pathology [81]. Inhibition of iNOS activity alleviated damage to the liver
and kidneys in bile duct-ligated rats in [82]. Apart from effects on liver fibrosis, increased
NO levels lead to systemic cardio-vascular changes that initiate a hyperdynamic state in the
circulation, characterized by high cardiac output and low peripheral resistance. In portal
hypertension, the so-called NO paradox exists, referring to decreased hepatic NO leading
to the constriction of the sinusoids and increased NO in the peripheral circulation [21,22].
As a consequence, an increased volume of blood reaches the liver, combined with increased
intrahepatic resistance, leading to clinically significant portal hypertension [83]. In our
study, both somatostatin and octreotide reduced increased levels of NO. Our findings do
not clarify the origin of serum NO in our patients. Therefore, we can only speculate that this
reduction could inhibit fibrosis by reducing HSC activation, provided that the increased
NO originates from iNOs. On the other hand, increased levels of NO produced by iNOS in
KC may be beneficial, as they maintain CD8+ T cell tolerance. Thus, increased autophagy
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in primary biliary cholangitis (PBC) led to a reduction in iNOS in KCs and the elimination
of their suppressive activity against CD8+ T cells, promoting liver disease. Whether this is
true for other liver diseases is not known [84]. In summary, therefore, a reduction in NO
could be beneficial or detrimental, probably depending on its origin. This point requires
further investigation.

TNFα is a critical mediator of liver inflammation and, therefore, an indirect mediator
of liver fibrosis as well [85]. HSCs spontaneously secrete TNF-α, which is increased
after stimulation with IL-1b and TNFα. Somatostatin suppresses the basic and TNFα-
induced production of TNF-α, repressing IL-1b and TNF-α mRNA [40]. In a previous
study, octreotide repressed TNFα production from KCs without modifying TNFα mRNA
expression [37]. In our study, TNFα was significantly increased in the cirrhosis group
compared to controls, and it was profoundly reduced by somatostatin and slightly more
reduced by octreotide. This finding suggests that octreotide could be useful in liver
diseases with increased inflammation, such as alcoholic hepatitis and viral diseases. Further
investigation is required.

There is an association of adhesion molecules, such as ICAM-1, with liver fibrosis.
Increased ICAM-1 and VCAM-1 expressions in KCs indicate direct KCs-LSECs commu-
nication contributing to hepatic fibrosis [86]. An increase in ICAM-1 in the membrane of
LSECs is considered an indication of dysfunctional LSECs [25,27]. In our study, soluble
ICAM was significantly increased compared with healthy controls. Previous studies are
in agreement with our results. Upregulated expression of ICAM was demonstrated in
alcoholic hepatitis [87] and was correlated with poor prognosis [88]. In a study of HBV-
and HCV-associated chronic hepatitis and cirrhosis patients, sICAM was increased com-
pared with the controls. Levels were higher in cirrhosis [89]. Additional studies of HCV
patients report increased serum levels of sICAM [90,91]. In HCV patients, sICAM-1 levels
decreased after 6 months of interferon alpha and ribavirin therapy in contrast to sVCAM-1
levels [92,93]. In our study, somatostatin, but not octreotide, significantly decreased sICAM-
1 levels, indicating that it could be used in severe alcoholic hepatitis where a short- term
intravenous treatment could be beneficial. Again, further investigation is required.

Chemokines, and in particular RANTES, are additional molecules that are implicated
in the induction of liver inflammation and fibrosis in chronic liver diseases [94]. Experi-
mental evidence demonstrated that LPS-stimulated KCs secreted significantly increased
amounts of chemokines such as MCP-1 and RANTES. Octreotide inhibited LPS-induced
secretion of the CC chemokines MCP-1 and RANTES but not the CXC chemokines [95].
LSECs also secrete RANTES and MCP-1 to promote HSCs activation [24]. Our study was
partially compatible with the experimental findings. Somatostatin reduced the levels of
RANTES and MIP1a (also a CC chemokine), but octreotide reduced only the levels of
RANTES. Differences were also found between RANTES and MIP1a in our patients with
cirrhosis. RANTES was reduced, and MIP1a was increased compared to healthy controls.
This may be explained by the reported discordance between the levels of RANTES in
serum and liver in PBC patients. Hepatic expression of RANTES was increased in patients
compared with controls, but it was downregulated in peripheral blood mononuclear cells
(PBMCs). This discordance may indicate that RANTES accumulates inside the liver during
inflammation [96–98], as intrahepatic RANTES was closely associated with the histological
activity in HCV [99]. This finding may explain the reduced levels of RANTES we found in
this study. Liver damage upregulates the production of inflammatory chemokines from
LSECs, including MIP-1α and RANTES, which contribute to fibrosis progression [100].

A limitation of our study is that it reflects serum changes that might be different from
the intrahepatic behavior of the same markers.
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Finally, our findings demonstrate that somatostatin and octreotide have, in general, the
same suppressive effects on fibrosis and inflammation mediators. However, octreotide is
frequently slightly less effective than natural somatostatin. Whether this may be important
in the clinical setting remains to be investigated, although an earlier study from our unit has
shown that natural SST reduces the hepatic venous pressure more effectively compared to
octreotide [43]. Moreover, it should be stressed that these results reflect a short-term effect
on factors implicated in the process of fibrosis. Whether this may be relevant in the long
term as a therapeutic modality in fibrosis requires further investigation, both experimental
and clinical.
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