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1. Introduction 

Sparc/ osteonectin, cwcv, and kazal-like domains proteoglycan 1 (SPOCK1) is a 

chondroitin sulphate-heparan sulphate proteoglycan (CSHS-PG) that was first isolated 

and characterized from seminal plasma in 1992. The following year, it was cloned from 

human testicular complementary deoxyribonucleic acid (cDNA) libraries, leading Patrick 

M. et al. to propose the name testican (1,2). Since then, two other testican-like proteins 

have been identified the protein is now known as testican-1. Another name of the protein 

is Sparc/ osteonectin, cwcv, and kazal-like domains proteoglycan 1 reflecting its modular 

structure (3). It has recently attracted considerable interest because of its involvement in 

several types of cancer, but little is known about its role in the normal liver, in the 

controlled proliferation of the hepatocytes during liver regeneration or in liver cirrhosis 

and hepatocellular carcinoma (HCC). This study aims to elucidate the role of the 

SPOCK1 in these physiological and pathological processes of the liver. 

1.1. Liver regeneration 

Acute ingestion of toxins (e.g. acetaminophen), trauma and fulminant hepatitis can cause 

extensive parenchymal necrosis which initiates liver regeneration (4). The regulation of 

liver regeneration is a complex process and most of our knowledge originates from animal 

experiments. 

The most widely used animal model for liver regeneration is the traditional partial 

hepatectomy, which consists of surgical removal of two-thirds of the liver mass in rodents 

(5). The most important signaling pathways identified are: (a) epidermal growth factor 

receptor (EGFR) signaling (ligands relevant to liver regeneration are epidermal growth 

factor (EGF), amphiregulin, transforming growth factor (TGF)α and heparin-binding 

EGF- like growth factor) and (b) hepatocyte growth factor (HGF)/MET (4). Within 

minutes after partial hepatectomy, urokinase type plasminogen activator initiates ECM 

remodeling mediated by plasminogen and metalloproteinases (6). The extracellular 

matrix (ECM) of the liver contains very high levels of HGF and matrix degradation 

produces active two-chain HGF, which stimulates hepatocytes to enter the cell cycle. 

Elimination of both EGFR and HGF/MET signaling pathways completely abolishes liver 

regeneration (7). Many auxiliary signals play an important role in regeneration such as 
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noradrenaline, bile acids, interleukin 6, insulin, serotonin, leptin and ablation of any of 

these signals can delay the recovery (4,7). 

PGs have an important role in the restoration of normal liver structure. Undulating 

changes in the ribonucleic acid (RNA) expression of the syndecan-1, perlecan, syndecan-

2, and decorin have been observed after partial hepatectomy in rats (8). For example, 

decorin peaked at 30 minutes, 24 hours and 96 hours, while perlecan peaked at 4 hours 

and 24 hours after partial hepatectomy. Syndecan-1 had oscillatory dynamic in the first 

24 hours and syndecan-2 had decreasing levels throughout the period tested (8). Endocan 

is a circulating dermatan sulphate PG and its level decreases after partial hepatectomy in 

the liver with an increase in serum levels (9). There is currently no data on the 

involvement of SPOCK1 in the liver regeneration. 

In human liver two distinct morphological patterns of regeneration have been 

distinguished after fulminant hepatic failure, depending on the cause and the extent of the 

parenchymal necrosis (10). (a) If significant viable parenchyma remains the surviving 

hepatocytes dedifferentiate, organize into acinar structures, and start to proliferate. 

Interestingly these hepatocytes begin to express the oncofetal marker alpha-fetoprotein 

(AFP) and glypican-3 which can be explained by hepatocyte dedifferentiation (10). So 

far there is no animal model which reliably reproduce the dedifferentiation, acinar 

arrangement and proliferation of the hepatocytes seen in this type of regeneration. (b) If 

the surviving parenchyma is negligible, the regeneration is accomplished by the 

progenitor cells (10). These cells are located in the proximal branches of the biliary three, 

in the canal of Hering and express the Epithelial cell adhesion molecule (EpCAM) 

marker. The liver progenitor cells are activated when hepatocytes fail to regenerate the 

liver (11). Prominent periportal ductular reaction is characteristic for this subtype of 

regeneration. Enlarged cells resembling hepatocyte morphology with pale eosinophilic 

cytoplasm, low cytokeratin 19 (CK19) and higher arginase-1 and hepatocyte nuclear 

factor 4 alpha expression appear at the distal portion of the ductules. The round clusters 

of hepatocytes form regenerative foci of variable size (10). The animal model of the 

progenitor cell mediated regeneration is the 2-acetylaminofluorene-partial hepatectomy 

model in rats. 2-acetylaminofluorene forms DNA adducts in hepatocytes inhibiting their 

proliferation and the regeneration is accomplished through the oval cells (liver progenitor 

cells in rats) (12). 
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1.2. Hepatocellular carcinoma 

Primary liver cancer is the sixth most common neoplasm and the third leading cause of 

death worldwide with global incidence of 866 136 and mortality of 758 725 (13–15). The 

incidence varies widely worldwide, with the highest reported in Eastern Asia. HCC is the 

most common primary liver cancer representing 80% of the cases (16). The global 

epidemiology of HCC is changing due to the increasing incidence of metabolic 

dysfunction-associated steatotic liver disease (MASLD) and the decreasing prevalence of 

hepatitis B-virus (HBV) and hepatitis C-virus (HCV) related liver disease (15,16). 

The strongest risk factor for HCC is chronic liver disease leading to cirrhosis (17). 

Cirrhosis is the diffuse nodular transformation of the liver after a long period of 

inflammation resulting in replacement of the normal liver parenchyma with fibrotic tissue 

and cirrhotic nodules (18). It starts with formation of porto-portal and porto-central 

fibrotic septa which divide the liver parenchyma. In response to the parenchymal 

extinction ductular progenitor cells differentiate and form round clusters of hepatocytes 

(19). The expanding regenerative nodules cannot reproduce the normal lobular structure 

of the liver, also they compress the hepatic veins leading to portal hypertension (20). 

Cirrhosis of any etiology can promote hepatocarcinogenesis, and in 41.0% of the HCC 

cases occur in the setting of HBV infection, 28.5% in HCV infection, 18.4% in alcoholic 

liver disease, 6.8% in MASLD and in 5.3% in other less-common risk factors (16). 

For surveillance, current guidelines recommend ultrasound-based examination with 

measurement of AFP levels every 6 months in patients with compensated cirrhosis (21). 

In non-cirrhotic patients biopsy and histopathological examination is always 

recommended for the diagnosis (22). In patients with previous diagnosis of HCC or with 

high risk of HCC (presence of cirrhosis, chronic HBV infection) a new hepatic nodule 

can be diagnosed as HCC based on contrast-enhanced imaging (multiphasic computed 

tomography, dynamic contrast-enhanced magnetic resonance imaging) and/or 

histopathological examination (22). Imaging-based diagnosis relies on vascular 

derangement occurring during hepatocarcinogenesis, resulting in changes in lesion 

appearance in the arterial-, portal venous-, or delayed phase. It presents as 

hyperenhancement in the arterial phase and wash-out on portal venous and/or delayed 
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phase. It has a sensitivity of 67% and a specificity of 93%, but the performance is lower 

in lesions smaller than 2 cm (23,24). 

The most frequent morphological patterns observed in HCC are: steatohepatitic, 

trabecular, pseudoglandular, scirrhous, solid and macrotrabecular. Other features include 

lack of the portal triad, increased arteriolisation with unpaired arteries. Hepatocyte plates 

expand and the normal reticulin framework reduce (23,25). 

The most frequent genetic alteration found in HCC was a telomerase reverse transcriptase 

promoter mutation, present in 65% of the cases. CTNNB1 mutation, identified in 40% of 

the cases, was associated with a well-differentiated phenotype, microtabecular or 

pseudoglandular pattern without inflammatory infiltrates. Low AFP expression, low cell 

proliferation rate were also characteristic (26). CTNNB1 mutation and TP53 mutations 

were mutually exclusive, the latter was found in 21% of the tumors and was associated 

with poor differentiation, high proliferation rate and frequent vascular invasion (26,27). 

The macrotrabecular-massive growth pattern is associated with TP53 mutations and this 

subtype correlates with poor prognosis and is a predictor of early and overall recurrence 

after surgical resection or radiofrequency ablation (28). Fibroblast growth factor (FGF)19 

amplification is often seen in this entity, as well as high levels of AFP expression (26). 

The scirrhous subtype has a prominent fibrous stroma and is characterized by tuberous 

sclerosis complex1/2 mutation. The steatohepatitic subtype is typically well-

differentiated and represents a less aggressive histological phenotype with a lack of 

satellite nodules. It is frequently associated with activation of the IL6/JAK/STAT 

signaling pathway (25). Fibrolamellar carcinoma is characterized by tumor cells with 

abundant eosinophilic cytoplasm and prominent nucleoli embedded in a dense fibrous 

stroma. Intracytoplasmic hyaline bodies are also common. This rare subtype 

predominantly affects young patients without cirrhosis. Recent studies have identified the 

DNAJB1-PRKACA fusion protein as the key genetic driver in fibrolamellar carcinoma. 

Currently, morpho-molecular subtyping of the HCC does not have a major impact on 

clinical decision making (25,29). 

Surgical resection, organ transplantation and ablation are considered curative therapies 

for HCC. Liver resection is the recommended therapeutic option for patients with single 

HCC lesion and without cirrhosis (22). Liver resection also can be considered in cirrhotic 
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patients with single lesion, preserved liver function (Child-Pugh class A with total 

bilirubin <1 mg/dL; Model for End-Stage Liver Disease score <9) and absence of portal 

hypertension. Perioperative mortality is less than 5%, and postoperative decompensation 

rages between 10-12% (30). Liver transplantation provides the best long-term oncological 

outcome. For those who meet the Milan criteria, the 10 year survival rate after liver 

transplantation is 61.5% and the recurrence rate is 13.3% (31). Ablation induces necrosis 

of the tumor by temperature change or chemical agents. Radiofrequency ablation is the 

most commonly used, but microwave ablation, cryoablation or ethanol are also effective. 

For patients with advanced unresectable HCC, atezolizumab (anti-programmed death-

ligand 1) and bevacizumab (anti–vascular endothelial growth factor) became the standard 

of care and proved to be superior to Sorafenib (multikinase inhibitor) with overall survival 

at 12 months of 67.2% versus 54.6%, median progression free survival of 6.8 months 

versus 4.3 months (32). 

1.3. Proteoglycans 

A PG is a core protein covalently attached to glycosaminoglycan (GAG) chains. They are 

synthetized in the endoplasmic reticulum and Golgi. GAGs are repetitive sulphated 

disaccharide units comprising a galactose or uronic acid (glucuronic acid or iduronic acid) 

and an amino-monosaccharide (N-acetylglucosamine or N-acetylgalactosamine) (33,34). 

The variation in the monosaccharide and the presence or absence of the sulphation results 

in different categories of GAGs, such as CS, dermatan sulfate, keratan sulfate and 

HS/heparin. A variable number of GAGs can be attached to the core protein, hybrid PGs 

also carry more than one type of GAG chain. Based on their cellular localization PGs can 

be classified into intracellular, cell surface and extracellular groups. Generally, most 

HSPG are membrane type or intracellular PGs, whereas most CSPG are extracellularly 

localized (35,36). 

PGs regulate the activity of several extracellular enzymes, interact with growth factors 

such as FGF, bone morphogenetic protein, Wnt proteins, insulin-like growth factor, and 

thus regulating signaling pathways (37). They can modulate the mechanical properties of 

the tissues by increasing ECM stiffness and bulkiness of the glycocalyx, promoting the 

malignant transformation (38). HSPGs also serve as binding site for viruses such as severe 
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acute respiratory syndrome coronavirus 2 (SARS-CoV-2) or HCV, thus facilitating their 

cellular entry (39,40). 

GAG composition of the liver is altered in cancer. In HCC, CS levels increase 24 fold 

compared to normal liver, whereas HS level decreases during hepatocarcinogenesis, and 

this correlate with the differentiation status of HCC (41,42). 

Under normal conditions, the liver contains predominantly HSPGs. One of the major 

HSPGs in the liver is syndecan-1, which is expressed on the basolateral surface of the 

hepatocytes and cholangiocytes. Its levels are elevated in cirrhotic livers particularly in 

cirrhosis of HCV etiology. Its high expression in HCC correlated with well differentiated 

phenotype and lack of extrahepatic metastasis (43). Moreover, HCC development is 

delayed in syndecan-1 transgenic mice in the diethylnitrosamine (DEN)- induced 

hepatocarcinogenesis model (44). 

1.4. SPOCK1 

SPOCK protein family consists of three proteoglycans: SPOCK1, SPOCK2 and 

SPOCK3. They show high homology and share several domains: N-terminal testican-

specific domain, follistatin-like domain, extracellular calcium-binding domain, thyropin 

domain and domain V (45). SPOCK2 is detected mainly in brain, lung, adrenal gland and 

testes of mice and it plays a regulatory role in development of the central nervous system 

(46,47). SPOCK3 mRNA restricted to the brain in adult mice and is associated with 

protease inhibitory function (45,48). 

The human SPOCK1 gene is located on chromosome 5q31.2 and consists of 11 exons 

(49). As a matricellular protein, SPOCK1 has an increased number of splice variants. The 

ENSEBL database includes ten human splice variants for SPOCK1, three of which 

encode potentially functional proteins (SPOCK1-201, SPOCK1-208, SPOCK1-203) 

(50,51). 

SPOCK1 belongs to the ‘secreted protein acidic and rich in cysteine’ (SPARC) family. 

Beside SPOCK1, other members include SPARC, Hevin, SPOCK-2, and -3, SMOC-1 

and -2, and FSTL-1. They share three domains: the signal peptide, follistatin-like domain 

and calcium binding domain. In addition to these, the SPOCK and SMOC proteins also 

share a tyropin domain homology. They are expressed during development, tissue repair 
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or in response to stress or injury (52,53). They play role in the regulation of connective 

tissue assembly and deposition, counter-adhesion, effects on extracellular protease 

activity, and modulation of growth factor/ cytokine signaling pathways (54). 

1.4.1. Protein structure and predicted function 

SPOCK1 encodes a protein precursor of 439 amino acids organized in modular structures 

(Figure 1A). The six identified domains are as follows (Figure 1B): 

N-terminal hydrophobic signal sequence: contains a signal sequence at the amino 

terminal of the PG, which is characteristic for extracellular proteins (55). This ensures the 

insertion of the protein into the endoplasmic reticulum membrane during translation and 

directs the protein to the secretory pathway. The signal sequence is co-translationally 

cleaved from the protein between amino acids 21S and 22R. SPOCK1 has been shown to 

be secreted into the blood plasma, seminal plasma and cerebrospinal fluid (56,57). 

N-terminal region: unique to testicans and not yet associated with any function. 

Follistatin-like domain: encoded by exons 5 and 6. Consists of five disulfide bridges in 

the region between cysteine 86 and cysteine 182, three of which are located within the 

Kazal-like domain. It has been associated with serine protease inhibitory function (58). 

The Extracellular (EC) calcium binding domain shares homology with the calcium 

binding domain of osteonectin, and consists of an EF-hand pair. In osteonectin, calcium 

binding promotes alpha-helical conformational changes and facilitates binding to 

multiple collagen types. Compared to the similar domain of osteonectin, the EC domain 

in SPOCK1 has more sequence deletions, significantly lower affinity for calcium and no 

evidence for collagen binding (59,60). 

Thyropin domain homology covers the region between 310 and 379 amino acids encoded 

by exons 9 and 10. Is a cysteine rich module containing a type 1 thyroglobulin repeat with 

two highly conserved motifs (QC and CWCV). Thyropins are potent cysteine protease 

inhibitors, and studies have shown that SPOCK1 is a potent competitive inhibitor of the 

lysosomal cysteine protease, cathepsin L. (61,62). 

Domain V: during the post-translational modification, GAG chains are linked to this 

carboxyl terminal domain. SPOCK1 carries both CS and HS (CS is dominant), in contrast 

to SPOCK2 and SPOCK3, which are pure HSPGs (45). This domain contains two serine 
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residues at positions 383 and 388, surrounded by specific sequence elements required for 

glycosylation (Ser-Gly) (2,63). 

Figure 1. (A) SPOCK1 protein structure generated from AlphaFold Protein Structure 

Database (64,65). (B) Schematic representation of the modular structure of SPOCK1. 

1.4.2. Physiological function and expression of SPOCK1 

SPOCK1 messenger ribonucleic acid (mRNA) is highly expressed in the human brain 

(thalamus, nucleus accumbens, caudate nucleus and in the post synaptic regions of the 

hippocampal pyramidal cells) (66,67). It has also been detected in the heart, placenta, 

skeletal muscle, kidney, pancreas, spleen, thymus, prostate, testis, small intestine, colon, 

with reduced levels observed in the ovary (68). 

The increase in SPOCK1 expression in mice during the embryonic period corresponds to 

the major steps in neuronal development, in areas active in cell proliferation, cell 

migration, axonal outgrowth and synaptogenesis (69). 

Interestingly, SPOCK1 deficient mice did not show morphological and behavioral 

abnormalities and had normal life span (70). After cryo-injury of the brain SPOCK1 

expression increases in the region surrounding the necrotic tissue. Its co-expression with 

FGF2 suggests a permissive role for regenerating axons in reactive astrocytes (71). This 

correlates with the fact that, in general mice deficient in matricellular protein result in 

mild phenotype, differences compared to wild type mice are only seen in response to 

injury or stress (54). 
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High expression of SPOCK1 was measured during adipocyte differentiation in the 

conditioned media in vitro, also recombinant SPOCK1 upregulated genes associated with 

adipocyte differentiation. SPOCK1-transgenic mice (SPOCK1 expressed under the 

cytomegalovirus enhancer element and chicken beta-actin promoter) showed increased 

maturation in epididymal and inguinal adipose tissues and SPOCK1 was highly expressed 

in adipose tissues of mice fed with high fat diet (72,73). 

1.4.3. Genetic alteration 

So far, only one spontaneous mutation in the human SPOCK1 gene was associated with 

a human phenotype. Whole exome sequencing has revealed a missense mutation on 

chromosome 5q31: c.239A>T (p.D80V). “Her features include intellectual disability with 

dyspraxia, dysarthria, partial agenesis of corpus callosum, prenatal onset microcephaly 

and atrial septal defect with aberrant subclavian artery”. Online predictive tools have 

suggested it as a deleterious mutation. No other genetic alteration has been identified that 

could be associated with her condition (74). 

1.4.4. The role of SPOCK1 in cancer 

Overexpression of the SPOCK1 has been observed in several cancer types. Several 

studies have found a correlation between increased SPOCK1 expression and cancer cell 

proliferation, invasion, metastasis and drug resistance. 

According to The Cancer Genome Atlas (TCGA) SPOCK1 expression was significantly 

higher in cancer tissues compared to normal in cholangiocarcinoma, pancreatic 

adenocarcinoma, prostate adenocarcinoma, gastric adenocarcinoma, colon 

adenocarcinoma, head and neck squamous cell carcinoma, renal cell carcinoma, and 

squamous cell lung cancer. Higher SPOCK1 expression correlated with shorter overall 

survival in colon adenocarcinoma, head and neck squamous cell carcinoma, renal cell 

carcinoma, lung adenocarcinoma and uveal melanoma (75–77). 

Increased SPOCK1 expression was also observed in human cirrhotic livers and in HCC, 

compared to normal controls. SPOCK1 was overexpressed in the tumor area compared 

to adjacent tissue and increased expression was associated with advanced clinical stage 

and metastasis (78,79). 
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CHD1L is the only known transcription factor of SPOCK1. It is a potent anti-apoptotic 

and pro-proliferative factor coded in the 1q21 region, that is frequently amplified in HCC. 

It activates transcription by binding to the promoter region of SPOCK1 (nt-1662 to +34). 

In human HCC samples, a positive correlation between SPOCK1 and CHD1L has been 

established. (78,80). 

In the following section signaling pathways will be discussed in which SPOCK1 is 

involved. Downstream targets of SPOCK1 are members of matrix metalloproteinases 

(MMPs, MMP2, MMP9), proteins involved in the epithelial-mesenchymal transition 

(EMT), members of Wnt/β-catenin and phosphoinositide 3-kinase (PI3K)/ Protein kinase 

B (AKT) signaling pathways. 

1.4.4.1. SPOCK1 in EMT 

EMT plays a role in embryonic development and wound healing but also contributes to 

fibrosis and cancer progression. During this process, cells switch from immotile epithelial 

to a motile mesenchymal phenotype. TGF-β plays an important role in the induction of 

EMT and this switch in cell differentiation is driven by a set of transcription factors: Snail, 

Slug, Twist-related protein 1, zinc-finger E-box-binding homeobox 1 (ZEB1) and ZEB2 

(81). Several studies have found that SPOCK1 is involved in EMT (82). The addition of 

TGF-β to the culture medium induced the expression of SPOCK1 in A549 non-small cell 

lung cancer (NSCLC) cell line (83). Similar findings  has been observed in lung 

adenocarcinoma, breast cancer and pancreatic ductal adenocarcinoma cells (84–86). 

Alshargabi et al. found that SPOCK1 transgenic mice develop gingival hyperplasia and 

observed changes in markers of EMT, such as downregulation of E-cadherin and 

upregulation of vimentin in gingival tissue (87). Concomitantly, TGF-β, connective tissue 

growth factor (CTGF), Slug, a repressor of E-cadherin, was significantly upregulated. It 

was also found that TGF-β stimulation induced SPOCK1 expression in gingival 

keratinocytes but not in gingival fibroblasts (87). 

Silencing of SPOCK1 in xenografts of the PC-3M prostate cancer cell line decreased the 

expression of Snail and Slug (88). Silencing of SPOCK1 in pancreatic cancer cell lines 

increased the expression of E-cadherin, and decreased the expression of vimentin and the 

EMT transcription factors (Snail, Slug, ZEB1 and ZEB2) (75). SPOCK1 overexpression 

induced Snail and Slug expression in the Caki-1 clear cell renal carcinoma cell line (89). 
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1.4.4.2. Participation of SPOCK1 in ECM remodeling 

Degradation of the ECM is a key event in the process of tumor cell invasion, intravasation 

and extravasation. In SPOCK1 transgenic mice staining for type IV collagen revealed 

altered integrity of the gingival basement membrane. Higher levels of active-MMP2 and 

active-MMP9 were observed, with no change in the levels of the inactive form (87). 

Similar effects were observed in the QGY-7703 HCC cell line, where SPOCK1 

overexpression promoted the expression and activation of MMP9. MMP9 inhibitor could 

reverse the effect of SPOCK1 overexpression on invasion (78). Transfection of an MMP2 

expressing plasmid into the Caki-1 clear cell renal carcinoma cell line reversed the effects 

of SPOCK1 silencing on invasion. String analysis revealed that MMP14 and MMP16 

were two of the top ten interactors of SPOCK1, both of which contribute to the activation 

of MMP2 and MMP9 (89). Berger et al. found that silencing SPOCK1 in BALB/c mice 

worsened the outcome of bacterial keratitis following P. aeruginosa-induced ocular 

infection. As a mechanism they identified lower MMP2 mRNA and protein levels in the 

SPOCK1 silenced mice, which is indispensable for wound healing and repair (90). 

1.4.4.3. Wnt/ β-catenin signaling pathway 

Knockdown of SPOCK1 in U87 MG glioma cell line significantly suppressed the 

expression of the Wnt and its downstream targets c-Myc and cyclin D1. This resulted in 

an increased cell fraction in G1 phase (91). Similar findings were observed in NSCLC 

cell lines, where SPOCK1 silencing decreased the levels of β-catenin, c-Myc and cyclin 

D1 together with decreased proliferation, migration and invasion rates (92). 

1.4.4.4. PI3K/AKT signaling pathway 

In-vitro SPOCK1 overexpression promoted proliferation and foci formation in QGY-

7703 and PLC-8024 HCC cell lines trough Akt (78). Knockdown of SPOCK1 in the 

U87MG glioma cell line significantly downregulated the p-PI3K and p-Akt levels (91). 

Similar findings were observed in HCT116 colorectal cancer cells (93). Recombinant 

SPOCK1 protein activated the Akt signaling pathway in clear cell renal carcinoma cells 

(89). Platelet-derived growth factor (PDGF)-BB significantly increased SPOCK1 

expression in the Lx2 cell line and in isolated rat hepatic stellate cells, which could be 

reversed by the PI3K inhibitor LY294002. In these cells, Three putative binding sites for 

FoxM1 were identified in the promoter region of SPOCK1. This suggests an upregulation 
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of SPOCK1 expression through the PI3K/Akt/FoxM1 pathway (79). SPOCK1 

overexpression or recombinant SPOCK1 promoted Akt phosphorylation and 

consequently the expression of Cyclin B1, cyclin D1, MMP2, and MMP9. Furthermore, 

in rats, hepatic stellate cell-specific SPOCK1 knockdown ameliorated the thioacetamide-

induced liver fibrosis (79). 

1.4.4.5. Interaction of SPOCK1 with integrin α5β1 

Immunoprecipitation of Lx2 lysate with anti-SPOCK1 antibody revealed that SPOCK1 

interacts with integrin α5 and β1, suggesting a role as a SPOCK1 receptor. Blocking the 

integrin α5 and β1 receptors reversed the effects of recombinant SPOCK1 on proliferation 

and migration and on the expression of MMP2, MMP9 and on the phosphorylation of Akt 

in Lx2 cell line (79).  
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2. Objectives 

Based on previous studies showing that overexpression of SPOCK1 is associated with 

poor prognosis in various cancer types, our hypothesis was that SPOCK1 is actively 

involved in the development and progression of the HCC. To address this hypothesis, first 

we aimed to evaluate the localization and physiological function of SPOCK1 in the liver. 

Second, we studied the role of SPOCK1 in carcinogenesis and progression of HCC, 

deciphering the underlying signaling pathways, and evaluated its potential as a diagnostic 

marker. 

The specific objectives of our study were: 

• To investigate the cellular localization and expression of SPOCK1 in normal 

human, mouse and rat livers. 

• To study the SPOCK1 expression in human liver regeneration massive hepatic 

necrosis. 

• To evaluate the SPOCK1 expression in cirrhotic human livers of various etiology, 

in HCC and in mouse DEN hepatocarcinogenesis model. 

• To analyze the serum concentration of SPOCK1 in HCC patients. 

• To develop SPOCK1 knock-in and knock-down in vitro models to perform 

functional assays and analyze the changes in signaling pathways. 
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3. Methods 

3.1. Cell Cultures 

HepG2 (ATCC HB-8065, purchased from American Type Culture Collection), HLE, 

Huh7 (JCRB0404, JCRB0403 respectively, purchased from Japanese Collection of 

Research Bioresources Cell Bank) HCC cell lines were maintained in Dulbecco’s 

Modified Eagle Medium (DMEM) Low Glucose (D5546, Merck KGaA), supplemented 

with 10% fetal bovine serum (FBS; FB-1001B/500, Biosera), 2 mM L-glutamine (XC-

T1715/100; Biosera), 100 units/ml penicillin, and 100 µg/ml streptomycin (P0781-

100ML, Merck KGaA) (94). 

3.2. SPOCK1 Silencing in HLE and Huh7 Cell Lines 

SPOCK1 silencing in HLE and Huh7 cell lines was carried out using 

Lipofectamine™3000 (L3000008, Life Technologies, Carlsbad, CA, USA) and ON-

TARGETplus Human SPOCK1 small interfering ribonucleic acid (siRNA, L013724-01-

0005, Dharmacon Inc., Lafayette, CO, USA). We used the following  target sequences to 

construct the siRNA: “CCUACAAAGAACAUCGUAA”, 

“GGGUUGGACCUUCGAAUUU”, “CGAUGGAGCCACAUUAAUA”, and 

“GGUGUAAUGAGGAGGGCUA”. Cells were seeded in 6-well plates at a density of 

1.5 × 105 cell/well, 1 × 105 cell/well in case of Huh7 and HLE respectively and cultured 

for 24 hours before transfection. According to the manufacturer’s instructions 6 µl of 

transfection reagent and 50 pmol of SPOCK1 siRNA or scrambled siRNA was used in 

2000 µl of growth medium. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 

siRNA was used to evaluate the transfection efficacy. Cells were harvested 48 hours post-

transfection for further analysis (94). 

3.3. SPOCK1 Expression Plasmids and Transfection of HepG2 Cells 

Wild-type SPOCK1 expression plasmid was generated through polymerase chain 

reaction (PCR) cloning. The full-length open reading frame (ORF) of human SPOCK1 

was amplified in two steps using Phusion High-Fidelity polymerase. Initially, outer 

primers (Forward (F)-out: 5′ GGCGGCGTGTGGCAGGAG 3′ and Reverse (R)-out: 3′ 

TAGAGAGCAACAATGGAGAAGAGACC 5′) were used for 30 cycles, utilizing cDNA 

derived from HLE cells as a template. In the subsequent PCR, inner primers (ORF-F: 5′ 
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TTTTTGGATCCGAAATGCCTGCTATCGCGGTG 3′ and ORF-R: 3′ TTTTTC 

TCGAGCTACCATATGTACCCGACCTCATC 5′) were used, the product of the initial 

PCR serving as the template. The gel-purified fragment from the second PCR was 

inserted into a pcDNA™4/TO mammalian expression plasmid (V102020 Life 

Technologies, Carlsbad, CA, USA) through BamHI and XhoI restriction sites. 

Transfection was performed using the 100 µl tip of Neon Transfection System 

(MPK5000, Life Technologies) with 2 × 10⁵ cells and 5 μg of either SPOCK1 

pcDNA™4/TO or empty vector pcDNA™4/TO with the following parameters: 1,200 V, 

50 ms, and 1 pulse. The cells were then seeded in 6-well plates with DMEM containing 

20% FBS and 2 mM L-glutamine. Stable transfectants were selected in a growth medium 

supplemented with 500 μg/ml of Zeocin. Individual colonies were expanded, and the one 

with the highest SPOCK1 expression was selected and cultured for further experiments 

(94). 

3.4. Bromodeoxyuridine (BrdU) Assay 

SPOCK1 silencing or overexpression was performed as described above. The cells were 

cultured on coverslips in 6-well plate in complete growth medium for forty-eight hours 

after transfection. BrdU (B5002, Merck KGaA) was added to the culture medium in a 

concentration of 10 μM and incubated for 30 min at 37°C. The cells were fixed in 

methanol on -20°C for 10 min and washed. For DNA denaturation 2N HCl was used for 

10 min at room temperature. The samples were washed and incubated with Anti-BrdU 

antibody for 1 h at room temperature. The slides were incubated with Alexa Fluor 488 

secondary antibody and 4′,6-diamidino-2-phenylindole (DAPI, 1:200, D9542, 20 mg/ml 

stock concentration) (see antibodies used in Table 1). The stained slides were scanned 

with 3DHistech Pannoramic Confocal scanner and analyzed using CaseViewer CellQuant 

2.2 (3DHISTECH Ltd., Budapest, Hungary) (94). 

Table 1. Antibodies used 

Primary 
Antibody 

Host Species, 
Isotype 

Manufacturer, 
Location 

Catalog 
No. 

Dilution 
(IHC, ICC, 
Blot, WES) 

Anti-BrdU 
Mouse, 

monoclonal 
(clone B44) 

Becton, 
Dickinson and 

Company (BD), 
347580 1:50 (ICC) 
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Franklin Lakes, 
NJ, USA 

CDK4 

Mouse, 
monoclonal 

(clone DCS-31 
+ DCS-35) 

Thermo Fisher 
Scientific, 

Fremont, CA, 
USA 

MS616P0 
1:1000 

(Western 
Blot) 

CHD1L Rabbit, 
polyclonal 

Merck KGaA, 
Darmstadt, 
Germany 

HPA028670 1:1000 (IHC) 

Cleaved 
Caspase-3 

Rabbit, 
monoclonal 

(clone 5A1E) 

Cell Signaling 
Technology, 

Danvers, MA, 
USA 

9664 
1:1000 

(Western 
Blot) 

Cross-
Adsorbed 
Secondary 
Antibody, 

Alexa Fluor 
568 

Goat anti-Rabbit 
IgG 

Invitrogen, CA, 
USA A11011 1:200 

GAPDH 
Rabbit, 

monoclonal 
(clone 14C10) 

Cell Signaling 
Technology, 

Danvers, MA, 
USA 

2118 1:50 (WES) 

Highly Cross-
Adsorbed 
Secondary 
Antibody, 

Alexa Fluor 
488 

Goat anti-Mouse 
IgG 

Invitrogen, CA, 
USA A11029 1:200 (ICC) 

Highly Cross-
Adsorbed 
Secondary 
Antibody, 

Alexa Fluor 
488 

Donkey anti-
Rabbit IgG 

Invitrogen, CA, 
USA A21206 1:200 (ICC) 

p21 

Rabbit, 
monoclonal 

(clone 
EPR18021) 

Abcam, 
Cambridge, UK ab188224 

1:1000 
(Western 

Blot) 

p27 Rabbit, 
polyclonal 

Abcam, 
Cambridge, UK ab64949 

1:1000 
(Western 

Blot) 

p53 
Rabbit, 

monoclonal 
(clone EP155Y) 

Abcam, 
Cambridge, UK ab33889 

1:1000 
(Western 

Blot) 
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pAKT (T308) 
Rabbit, 

monoclonal 
(clone C31E5E) 

Cell Signaling 
Technology, 

Danvers, MA, 
USA 

2965 
1:1000 

(Western 
Blot) 

SPOCK1 Rabbit, 
polyclonal 

Merck KGaA, 
Darmstadt, 
Germany 

HPA07450 

1:100 (IHC), 
1:200 (ICC), 

1:1000 
(Western 

Blot), 1:50 
(WES) 

Syndecan-1 
Mouse 

monoclonal IgG, 
clone MI15 

Dako M7228 1:100 (IF) 

β-Actin 
Mouse, 

monoclonal 
(clone AC-74) 

Merck KGaA, 
Darmstadt, 
Germany 

A2228 
1:2000 

(Western 
Blot) 

β-Catenin Rabbit, 
polyclonal 

Cell Signaling 
Technology, 

Danvers, MA, 
USA 

9562 
1:1000 

(Western 
Blot) 

Vimentin 
Mouse, 

monoclonal 
(clone V9) 

Agilent DAKO M0725 1:200 (IF) 

3.5. Primary rat hepatocyte isolation 

Fisher F344 rats were purchased from Charles River Laboratories (É cully, France) and 

housed in plastic cages (556 × 334 mm, AnimaLab, Poznań , Poland) under standard 

conditions: 12 h of light–dark cycles, constant temperature (23°C), and humidity (22%). 

Standard rodent chow (V1535000, SSNIFF, Soest, Germany; 15-mm pellets) was 

provided ad libitum. Hepatocyte isolation was performed using a two-step collagenase 

perfusion method. The animals were anesthetized and the abdomen was opened with a 

midline incision through the linea alba. The intestines were moved to the right side to 

access the portal vein. This was canulated and an incision was made on the vena cava 

inferior. The liver was perfused with pre-warmed (37°C) Leffert’s buffer (10 mM HEPES, 

3mM KCl, 130 mM NaCl, 1 mM NaH2PO4, 10 mM D-glucose, pH7.4) containing 0.5 

mM EGTA for 5 minutes followed by perfusion with Leffert’s buffer for 2 minutes. 

Collagenase (C5138, Merck KGaA, 0.33 mg/ml) was dissolved in Leffert’s buffer 

containing 5 mM CaCl2.2H2O. The livers were dissociated in cold Leffert’s buffer 

containing 5 mM CaCl2.2H2O. The cells were filtered through a 100-μm nylon filter, and 

then the suspension was centrifuged for 5 min at 50g to separate hepatocytes from non-
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parenchymal cells. The pellet was resuspended and centrifuged three times in total. The 

hepatocytes were co-cultured with Lx2 hepatic stellate cell line (a kind gift from Dr. Scott 

Friedman) on coverslips in 2 to 1 ratio in Williams’ Medium E (W4128, Merck KGaA) 

supplemented with 1x Insulin-Transferrin-Selenium (41400045, Life Technologies), 

2mM L-glutamine and 4% FBS. After 24h the cells were washed with phosphate-buffered 

saline (PBS) and fixed with ice cold methanol for 10 minutes. The cells were washed and 

were incubated with the primary antibodies overnight at 4°C. The coverslips were washed 

and were incubated for 1h at room temperature with Alexa Fluor 488- and Alexa Fluor 

568-conjugated secondary antibodies and DAPI (1:200, D9542, 20 mg/ml stock 

concentration). The samples were mounted using Fluoromount (F4680; Merck KGaA) 

(94). 

3.6. Diethyl-nitrosamine Induced Hepatocarcinogenesis 

Animal experiments were approved by the Ethics Committee of the Animal Health Care 

and Control Institute, Csongrád County, Hungary (protocol code XVI/03047-2/2008) and 

conducted as described previously (44). DEN hepatocarcinogenesis model was carried 

out by a single intraperitoneal dose of DEN in 15 days old C57/Black mice at 15 μg/ g 

body weight. 26 DEN-treated wild-type C57/Black mice and 16 untreated C57/Black 

controls were studied and sacrificed at 9-months post-exposure. The liver samples were 

formalin-fixed paraffin-embedded (FFPE) and used for immunohistochemistry (94). 

3.7. Human Samples 

Surgical liver specimens were obtained and handled following the guidelines of the 

Semmelweis University Regional and Institutional Committee of Science and Research 

Ethics (TUKEB, permit number: 155/2012) and the Medical Research Council 

Committee of Science and Research Ethics (permit number: 61303-2/2018/EKU). 

Human serum samples were collected from patients with HCC and from those without 

HCC diagnosis and handled following the guidelines of the Semmelweis University 

Regional and Institutional Committee of Science and Research Ethics (TUKEB, permit 

number: IV/2734-3/2022/EKU) and the Medical Research Council Committee of Science 

and Research Ethics (permit number: BM/12102- 3 /2023/EKU) (94). 
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3.8. Immunohistochemistry (IHC) 

FFPE human and mouse liver sections were deparaffinized and rehydrated. BOND 

Epitope Retrieval Solution 1 (AR9961, Leica Biosystems, Newcastle, UK) was used for 

heat induced antigen retrieval in a pressure cocker for 20 minutes. Endogenous 

peroxidase was blocked for 20 minutes at room temperature using 10% H2O2 in 

methanol. The sections were then rinsed with PBS with Tween-20 (0.05% Tween-20) 

followed by a 10-minute incubation with Novocastra Protein Block (RE71102, Leica 

Biosystems) at room temperature. The sections were incubated with the primary antibody 

overnight at 4°C (see antibodies used in Table 1). The following day, the sections were 

washed for 1 hour and incubated with HISTO-Labeling System (30011.R500, 

Department of Immunology and Biotechnology, Pécs, Hungary) for 30 minutes at room 

temperature. The staining was visualized using diaminobenzidine at a 1:50 dilution 

(ImmPACT DAB, SK4105, Vector Laboratories, Burlingame, CA, USA), followed by 

counterstaining with hematoxylin. Finally, the sections were dehydrated and mounted 

using BIOMOUNT (BMT-500, BIOGNOST D.O.O, Zagreb, Croatia). The stained slides 

were scanned at ×20 magnification using a Panoramic P1000 scanner, and quantitative 

analysis was conducted with CaseViewer DensitoQuant 2.2 (3DHISTECH Ltd., 

Budapest, Hungary) (94). 

3.9. Double-Fluorescent Immunocytochemistry 

The deparaffination, rehydration and the antigen retrieval of the FFPE human liver 

sections was performed as described above. The Novocastra Protein Block was applied 

for 10 minutes and the SPOCK1 and syndecan-1 primary antibodies were incubated 

overnight at 4°C (see antibodies used in Table 1). The sections were washed with PBS 

and incubated with anti-rabbit Alexa Fluor 568, anti-mouse Alexa Fluor 488 and DAPI 

(1:200, D9542) for 1 hour on room temperature. The slides were washed and mounted 

using Fluoromount (F4680; Merck KGaA) (94). 

3.10. Mitochondria labeling and fluorescent immunocytochemistry 

Huh7 cells were seeded on coverslips in 6-well plates at a density of 2 × 10⁵ cells per well 

and cultivated in complete growth medium for 24 hours. For labeling the mitochondria 

fresh medium was added containing 200nM MitoTracker® Red CMXRos (M46752, Life 

Technologies, Carlsbad, CA, USA) and cultured for 30 minutes. The cells were washed 
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in prewarmed PBS and fixed with methanol for 10 minutes on -20°C than washed with 

PBS. The samples were incubated with SPOCK1 primary antibody overnight on 4°C. The 

following day, the samples were washed three times with PBS and incubated with Alexa 

Fluor 488-conjugated anti rabbit secondary (see antibodies used in Table 1) antibody for 

1 hour at room temperature. Negative controls were prepared by omitting the primary 

antibodies. The slides were then mounted using Fluoromount (F4680; Merck KGaA) and 

were analyzed by laser scanning confocal microscopy (MRC 1024; Bio-Rad, Hercules, 

CA, USA) (94). 

3.11. Human Phospho-Kinase Array 

Relative site-specific phosphorylation of 43 kinases was determined using Human 

Phospho-Kinase Array (ARY003B, R&D Systems, Minneapolis, MN, USA). According 

to the manufacturer’s instructions, protein lysates of SPOCK1-silenced and control 

samples were incubated with the membranes, 400 μg of protein was used on each array. 

The signal was detected with iBright FL1000 Imaging Systems and analyzed with 

Carpentier G. Protein Array Analyze for ImageJ (2010) available online: 

http://rsb.info.nih.gov/ij/macros/toolsets/ Protein Array Analyzer.txt (94). 

3.12. Automated Western Blotting System (WES™) 

WES™ (ProteinSimple, San Jose, CA, USA, a Bio-Techne Brand) automated capillary-

based electrophoresis instrument was used to analyze the relative changes in target 

proteins according to the manufacturer’s instructions. The cells were harvested at 70%–

80% confluency in lysis buffer containing 20 mM Tris, 150 mM NaCl, 2 mM EDTA (pH 

8), and 0.5% Triton X-100 supplemented with protease and phosphatase inhibitors 

(P8340, Merck KGaA). After sonication and centrifugation, the supernatant was stored 

on -80°C for further analysis. Conditioned media were collected and concentrated using 

10,000 NMWL centrifugal filters (Amicon Ultra-4, UFC801024, Merck Millipore, 

Burlington, MA, USA). Protein Assay Dye Reagent Concentrate (500-0006, Bio-Rad, 

CA, USA) was used to measure the protein concentration. The protein samples were 

diluted to a concentration of 1 μg/μl in 0.1× Sample Buffer (ProteinSimple, 042-195) and 

Fluorescent Master Mix was added in a 1:4 ratio and incubated for 5 minutes at 95°C. 

Equal amount of protein sample, the primary and secondary antibodies (see antibodies 

used in Table 1), and all the reagents were loaded onto the plate according to the 
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manufacturer’s instruction. The electrophoresis was performed using the 12230 kDa of 

Separation Module (SM-W004, ProteinSimple) with the following settings: separation 

(395V, 30 min), blocking (5 min), incubation with primary antibody (30 min), incubation 

with secondary antibody (30 min), and chemiluminescent detection (15 min). The images 

were analyzed using Compass software (San Jose, CA, USA) (94). 

3.13. Enzyme-linked immunosorbent assay (ELISA) 

Human SPOCK1 Sandwich ELISA Kit (LS-F25604, Vector Laboratories, Inc., Newark, 

CA, United States) was performed according to the manufacturer’s instructions. Briefly, 

100µl per well of blank, standard and serum sample was added and incubated 1 hour at 

37°C. The liquids were aspirated from each well and 100µl “Detection Reagent A” 

working solution was added and incubated 1 hour at 37°C. The liquids were aspirated, 

and the wells were washed three times. 100µl “Detection Reagent B” was added and 

incubated 30 minutes at 37°C. The liquids were aspirated, and the wells were washed five 

times. 90μl of TMB Substrate solution was added to each well and incubated 15 minutes 

than 50μl of Stop Solution was added. The optical density value was determined at 450 

nm using Labsystems Multiskan MS 352 microplate reader (94). 

3.14. Quantitative reverse transcription PCR (RT-qPCR) 

Total RNA was extracted using the RNeasy Plus Mini Kit (74134, Qiagen, Germany). 1 

µg RNA was used for reverse transcription with High-Capacity cDNA Reverse 

Transcription Kit (4368814, Life Technologies) following the manufacturer's 

instructions. TaqMan Fast Advanced Master Mix (4444556, Life Technologies) was used 

to determine the expression level of SPOCK1 (TaqMan Gene Expression Assay, assay 

ID: Hs00270274_m1; Life Technologies) with the following protocol: UNG incubation 

at 50°C for 2 minutes, polymerase activation at 95°C for 2 minutes, followed by 40 cycles 

of denaturation at 95°C for 1 second, and annealing and elongation at 60°C for 20 

seconds. β-actin (4326315E, Life Technologies) was used as endogenous control to 

normalize the relative expression level (94). 

3.15. Statistical Analysis 

Statistical analysis was performed with GraphPad Prism Version 10.3.1 (GraphPad 

Software, La Jolla, CA, USA), using two-tailed unpaired t-tests, one-way ANOVA with 
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Dunnett's multiple-comparison tests and Mann Whitney U test. Significance was defined 

as *p < 0.05, **p < 0.01, and ***p < 0.001. The correlation between the SPOCK1 

expression and survival was assessed using KM plotter (https://kmplot.com/analysis/) 

and compared with the log rank test and the hazard ratios and the 95% confidence 

intervals were estimated by Cox proportional hazards model (94).   

https://kmplot.com/analysis/
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4. Results 

4.1. SPOCK1 expression in normal human liver 

We evaluated the baseline SPOCK1 expression in normal human livers. For this purpose, 

we used normal area from peritumoral tissues where the normal lobular structure of the 

liver was preserved (Figure 2A, 2C). Hepatocytes adjacent to both central and portal vein 

exhibited intense granular SPOCK1 expression (Figure 2B, 2D). The smooth-muscle 

cells in the arterial wall showed intense positive reaction as well, thus we used this as 

internal positive control (Figure 2E, 2F). 

Figure 2. Expression of SPOCK1 in normal liver. The normal, lobular structure of the 

liver was preserved (A, C). Intense, granular staining pattern was seen in hepatocytes 

around the central vein (CV) and the portal vein (PV) on SPOCK1 IHC (B, D). Arterial 

wall at higher magnification (E), which showed intense positivity on SPOCK1 IHC (F), 

and we used as an internal positive control. Scale bar A-D 100 µm; E-F 20 µm. 
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4.2. SPOCK1 expression of isolated rat hepatocytes 

We isolated primary rat hepatocytes and co-cultured with Lx2 human hepatic stellate cell 

line to evaluate the SPOCK1 expression in these two cell types. We performed SPOCK1 

fluorescent immunocytochemistry and we used vimentin as a fibroblast marker. High 

SPOCK1 expression and a granular staining pattern was observed in the hepatocytes, 

however no SPOCK1 expression was detected in the hepatic stellate cell line (Figure 3). 

Figure 3. SPOCK1 expression in a co-culture model comprising primary rat hepatocytes 

and the Lx2 hepatic stellate cell line. Hepatocytes expressed high level of SPOCK1 (red) 

and it showed granular cytoplasmic staining pattern. Lx2 cells identified by vimentin 

positivity (green) showed no SPOCK1 expression. Blue – DAPI (95). 

4.3. Subcellular localization of SPOCK1 

The granular staining pattern suggest that the intracellular localization of the SPOCK1 is 

related to a cellular organelle. To verify this, we labeled the mitochondria using 

MitoTracker® Red CMXRos in Huh7 human cells line (Figure 4B) and carried out 

SPOCK1 fluorescent immunostaining (Figure 4A) on these samples. We observed the co-
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localization of the two markers (Figure 4C), suggesting that the SPOCK1 is localized to 

the mitochondria. 

Figure 4. Co-localisation of SPOCK1 (green) and MitoTracker® (red) mitochondrial 

marker is shown. Representative images display SPOCK1 fluorescent immunostaining 

(A) and MitoTracker® Red CMXRos mitochondrial marker (B) in Huh7 cells. The 

merged image (C) shows co-localisation (appearing yellow), suggesting that SPOCK1 

localizes to mitochondria. Images were taken at 100x magnification. 

4.4. SPOCK1 expression during human liver regeneration 

We assessed the SPOCK1 expression during the controlled hepatocyte proliferation in 

regenerating human livers. We collected FFPE human liver samples from our archive, 

explanted due to acute liver failure caused by massive hepatic necrosis, and grouped them 

based on the histologic pattern (10): 1) regeneration from dedifferentiated hepatocytes 

(n=5); 2) regeneration trough progenitor cells, forming regenerative foci (n=3). In the first 

group of regeneration, surviving hepatocytes dedifferentiate and they are organized into 

acinar structures containing bile in their lumens (Figure 5A, 5C). These hepatocytes 

showed intense, diffuse staining on SPOCK1 IHC without preferential periportal or 

pericentral localization (Figure 5B, 5D). 
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Figure 5. Hematoxylin and eosin (HE) and SPOCK1 IHC in the regeneration group from 

dedifferentiated hepatocytes. (A) HE staining of massive hepatic necrosis. (B) Low 

magnification image of SPOCK1 IHC. (C) Higher magnification image showed surviving 

hepatocytes arranged in acinar structures (inset) which expressed high level of SPOCK1 

(D). Scale bar (A)(B) 200µm, (C)(D) 50µm 

In the regeneration group from progenitor cells intense ductular reaction was observed in 

the periportal area. In the ductules, larger cells were seen with pale eosinophilic cytoplasm 

resembling hepatocyte morphology (Figure 6A, 6C). These cells showed increased 

SPOCK1 expression compared to the surrounding ductular cells (Figure 6D). Besides the 

intense positive reaction of the arterial wall used as an internal control, faint staining was 

observed in the regenerative foci (Figure 6B). 
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Figure 6. SPOCK1 IHC in regeneration group from progenitor cells. (A) HE staining of 

regenerative foci (blue arrow). (B) These showed low SPOCK1 expression on IHC. (C) 

Higher magnification image showed the ductular proliferation. (D) Larger cells in certain 

ductules (red arrowhead) resembling hepatocytes showed positivity on SPOCK1 IHC 

staining (D). Scale bar (A)(C) 200µm, (B)(D) 20µm 

4.5. SPOCK1 expression in human liver cirrhosis and HCC 

We collected 58 human liver samples and prepared tissue microarray from patients 

diagnosed with liver cirrhosis and HCC of various etiology, and hemangioma surrounding 

samples as control. To evaluate the SPOCK1 expression we performed IHC. 

The normal control livers (Figure 7A) showed positive staining in hepatocytes 

surrounding the central and portal veins as described above. Increased expression of 

SPOCK1 was observed in the cirrhotic livers (Figure 7B) where the cirrhotic nodules 

showed intense granular staining pattern. Apart from the blood vessels, the connective 

tissue was mostly negative. Similar staining pattern was observed in HCC as well (Figure 

7C). 

We quantified the expression level of SPOCK1 by densitometry and calculated the H-

scores (Figure 7D). This revealed significantly higher expression in HCV-associated 
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cirrhotic and HCC samples as well as in samples of unknown etiology when compared to 

control livers. Cirrhotic and HCC samples with alcoholic etiology showed elevated 

SPOCK1 expression, however this increase was not statistically significant. Cirrhotic and 

HCC samples of the same etiology showed similar expression level in all cases. 

Figure 7. Representative images of SPOCK1 IHC on control, cirrhotic and HCC liver 

samples. (A) In control samples periportal hepatocytes showed intense positivity on 

SPOCK1 IHC. Increased expression was also observed in cirrhotic livers (B) and in HCC 

(C). Quantification of SPOCK1 expression by densitometry showed significant increase 

in case of HCV related cirrhosis and HCC also in case of cirrhosis of unknown etiology. 

Data is presented as mean ± SD, alcohol-related cirrhosis n=6; alcohol-related HCC n=6; 

HCV-related cirrhosis n=12; HCV-related HCC n=11; cirrhosis of unknown etiology 

n=11; HCC of unknown etiology n=4; control samples-hemangioma surrounding area 

n=8. Statistical analysis was performed using one-way ANOVA followed by Dunnett's 

multiple-comparison test (94). 

We validated our results by performing RNA-seq based analysis using TNMplot publicly 

available tool (www.tnmplot.com) to compare the SPOCK1 expression in HCC and 

normal control samples or in HCC and paired surrounding liver tissues. This tool uses 

datasets collected from GEO, GTEx, TCGA, and TARGET databases. Statistical analysis 

revealed significant increase in SPOCK1 gene expression in HCC samples compared to 

http://www.tnmplot.com/
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normal livers (Figure 8A). Moreover, the expression of SPOCK1 was also elevated in 

HCC samples compared to the surrounding normal area (Figure 8B). High SPOCK1 gene 

expression correlated with significantly shorter overall survival in HCC patients (hazard 

ratio 1.57 and 95% confidence interval 1.05-2.32) (Figure 8C) (96). 

Figure 8. (A, B) Comparison of SPOCK1 gene expression in HCC and normal samples 

from TNMplot database. (A) SPOCK1 gene expression showed a significant increase in 

HCC patients (n=371), compared to liver samples of non-tumorous patients (N=225), (B) 

similar trends are observed when comparing paired tumor and adjacent normal tissues 

(n=50, n=50 respectively). (C) Kaplan-Meier plots showing overall survival of HCC 

patients. High SPOCK1 gene expression was associated with significantly shorter 

survival (the patients were divided by the lower tertile). (A)(B) Statistical analysis was 

performed using Mann Whitney U test, ***<0.001. 

Syndecan-1 is the major proteoglycan of the liver, and our previous studies showed that 

overexpression of the human syndecan-1 protects against DEN induced 

hepatocarcinogenesis in mice. Thus, we aimed to compare the expression level of 

syndecan-1 and SPOCK1 in human liver cirrhosis and HCC. Syndecan-1 showed strong 

membranous staining pattern on hepatocytes in the cirrhotic nodules. The SPOCK1 was 

strongly expressed in the smooth muscle cells of the arterial wall, while faint positivity 

was observed in the hepatocytes (Figure 9A). The micro-metastases of HCC in the 

connective tissue showed high SPOCK1 expression whereas the expression of the 

syndecan-1 decreased (Figure 9B). 
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Figure 9. Expression of syndecan-1 and SPOCK1 in cirrhosis and in micro-metastases of 

the HCC. (A) Representative image of double fluorescent immunostaining in human 

cirrhotic liver. Intense membranous staining of syndecan-1 (green) was observed on the 

hepatocytes in the cirrhotic nodules, however these hepatocytes showed weak SPOCK1 

positivity (red). The arterial wall showed intense positive reaction. (B) The micro-

metastases in the connective tissue showed high SPOCK1 (red) expression whereas 

decreased syndecan-1 (green) expression was observed in these cells. DAPI – blue, (A) 

10X, (B) 20X magnification (94). 

4.6. SPOCK1 expression during DEN hepatocarcinogenesis in mice 

We designed an experimental mouse model to analyze the alteration in SPOCK1 

expression during the DEN hepatocarcinogenesis. This is a well described model where 

focal hepatic lesions are induced by 9 months. First basophilic foci appear on the HE 

staining, these are composed of altered hepatocytes (because of high cytoplasmic RNA 

content), with high nuclear to cytoplasmic ratio and crowded appearance. These lesions 

progress to trabecular hepatocellular carcinoma (97). The arterial wall, pericentral and 

periportal hepatocytes showed high expression of SPOCK1 in the control livers, similar 

staining pattern observed in normal human livers (Figure 10A). Increased SPOCK1 

expression was detected 9 months after the DEN exposure in the foci (Figure 10B). 

Intense positive reaction of the CHD1L (Figure 10C), the known transcription factor of 

the SPOCK1 on these samples further strengthens our results. 
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Figure 10. Expression of SPOCK1 in DEN hepatocarcinogenesis mouse model. (A) In 

control mouse livers SPOCK1 showed intense positive reaction on IHC in the pericentral 

hepatocytes. (B) Nine months after the DEN exposure SPOCK1 expression was detected 

in foci. (C) CHD1L IHC showed increased expression and nuclear localization at 9-month 

time point. Scale bar (A), (B) 50 µm, (C) 100 µm (94). 

4.7. Detection of secreted SPOCK1 in human HCC cell lines and serum 

from HCC patients 

SPOCK1 carries a signal sequence characteristic of extracellular proteins, and we 

investigated the localization of the SPOCK1 in cellular and extracellular compartments 

in vitro. HLE, Huh7 and HepG2 human HCC cell lines were cultured and SPOCK1 was 

detected by WES capillary electrophoresis in the cellular fraction and secreted in the 

conditioned medium (Figure 11A). Interestingly, protein electrophoresis showed strong 

bands of different molecular weight, suggesting a different glycosylation pattern of 

SPOCK1 in the three cell lines. In HLE and HepG2 the dominant form was around 66 

kDa, while in Huh7 it was at 116 kDa. 

Our results, showing that HCC cell lines secrete high levels of SPOCK1 in culture media 

prompted us to study its concentration in human serum samples. Serum samples were 

collected from patients with HCC and from those without HCC and analyzed by ELISA. 

In HCC patients the serum level of SPOCK1 increased 2.2 folds, however this change 

was not significant (Figure 11B). 
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Figure 11. SPOCK1 detection in the culture medium of the HCC cell lines and in human 

serum samples. (A) SPOCK1 was present in the cells and also in the conditioned medium 

detected with capillary electrophoresis of the three HCC cell line. Dashed line: the 

microcapillary electrophoresis was performed separately. (B) ELISA revealed elevated 

levels of SPOCK1 in the serum of HCC patients compared to control patients without 

HCC. Data is presented as the mean ± SD, control group n=6, HCC group n=15. 

Statistical analysis was performed using unpaired t-test (94). 

4.8. Effect of SPOCK1 on the proliferation of the human HCC cell lines 

We used siRNA to silence SPOCK1 expression in human HLE and Huh7 HCC cell lines. 

The SPOCK1 mRNA expression decreased by 0.07- and 0.292-fold in HLE and Huh7 

cell lines respectively, tested by RT-qPCR (Table 2). Interestingly, the intracellular level 

of SPOCK1 protein remained constant after silencing with siRNA, as measured by WES 

capillary electrophoresis. In contrast, secreted levels of SPOCK1 protein decreased in 

HLE and Huh7 cell lines (Figure 12). 

Table 2. Downregulation of SPOCK1 mRNA measured by RT-qPCR after siRNA 

silencing in HLE and Huh7 cell lines 

Cell line 
Relative quantification 

(fold change) 
95% CI 

HLE 0.07 0.046-0.109 

Huh7 0.292 0.139-0.613 
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Figure 12. Silencing SPOCK1 in HLE and Huh7 cell lines decreased the level of secreted 

SPOCK1. Expression of SPOCK1 measured by WES capillary electrophoresis showed 

similar level of intracellular SPOCK1 (“C”) after silencing using siRNA. Interestingly 

the secreted SPOCK1 was reduced in the conditioned medium (“M”) (94). 

To study the role of SPOCK1 in proliferation, BrdU incorporation assay was performed 

in silenced cell lines (Figure 13A). SPOCK1 silencing decreased the ratio of the positive 

nuclei from 39.18% to 11.52% in HLE and from 18.67% to 10.28% in Huh7 cell lines 

compared to the control siRNA transfected cells (Figure 13B). 
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Figure 13. SPOCK1 silencing reduced the BrdU labeling index in human HLE and Huh7 

cell lines. (A) Representative images of BrdU incorporation assay showed reduced 

number of labeled nuclei after SPOCK1 silencing. Blue: DAPI, green: BrdU (B) The 

BrdU labeling index was significantly reduced in SPOCK1 silenced cells. Data is 

presented as the mean ± SD, n>3/group. Statistical analysis was performed using unpaired 

t-test (94). 

To further investigate the effect of SPOCK1 on HCC cells, a SPOCK1 expression vector 

was transfected in human HepG2 cell line, resulting in a 30.517-fold increase in SPOCK1 

mRNA levels (Table 3). The intracellular protein level didn’t change after the 

transfection, but increased levels of SPOCK1 were observed in the conditioned media 

(Figure 14A). We performed BrdU incorporation assay and overexpression of the 

SPOCK1 significantly increased the proportion of positive nuclei from 33.52% to 43.73% 

(Figure 14B, 14C). 

Table 3. Upregulation of SPOCK1 mRNA after SPOCK1 plasmid transfection in HepG2 

cell line. 

Cell line 
Relative quantification 

(fold change) 
95% CI 

HepG2 30.517 16.698-55.771 
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Figure 14. Overexpression of SPOCK1 in the human HepG2 cell line increased the level 

of secreted SPOCK1 and increased the BrdU labeling index. (A) SPOCK1 levels in 

intracellular and extracellular compartments measured by WES capillary electrophoresis. 

Overexpression of SPOCK1 resulted in an increase in the secreted level (“M”) but not in 

the intracellular SPOCK1 level (“C”). (B)(C) Overexpression of SPOCK1 significantly 

increased the BrdU labeling index of the HepG2 cells as assessed by BrdU assay. Blue: 

DAPI, green: BrdU. Data is presented as the mean ± SD, n=5/group. Statistical analysis 

was performed using unpaired t-test (94). 

4.9. Effect of SPOCK1 silencing on the signaling pathways 

We used phospho-kinase array to analyze the changes in the activation/inhibition of 

signaling pathways following SPOCK1 silencing in HLE and Huh7 cell lines. 

In both cell lines, significant decreases in phosphorylated EGFR, ERK1/2, TOR(S2448) 

and Yes levels were detected (Figure 15A, 15B). Phosphorylated MSK1/2, CREB, Src, 

Lyn, Fyn, Hck and Fgr levels were also decreased.  
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Figure 15. Signaling pathways associated with SPOCK1 in human HLE (A) and Huh7 

(B) cell lines analyzed by phospho-kinase array. (A) SPOCK1 silencing significantly 

decreased the level of ERK 1/2 (T202/Y204, T185/Y187, EGFR (Y1086), MSK 1/2 

(S376/S360), TOR (S2448), CREB (S133), HSP27 (S78/S82), β-Catenin, Src (Y419), 

Lyn (Y397), Yes (Y426), PRAS40 (T246) in HLE cell line and (B) the level of p38α 

(T180/Y182), ERK 1/2 (T202/Y204, T185/Y187, EGFR (Y1086), TOR (S2448), Yes 

(Y426), Lck (Y394), p70S6K (T389) in Huh7 cell line. Data is presented as the 

mean ± SD, n=2/group. Statistical analysis was performed using unpaired t-test (94). 
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5. Discussion 

We have limited knowledge about the physiological function of SPOCK1, most of it being 

deducted from its structural homology with the members of the SPARC protein family. 

We observed the expression of SPOCK1 in the arterial wall (smooth muscle cells), 

however, further research is required to ascertain its function. So far, one study has been 

published in this regard showing that SPOCK1 secreted by neurons can regulate vascular 

permeability of the blood-brain barrier in zebrafish by altering ECM, modifying the 

expression of cell junction genes and transcytosis in endothelial cells. Wild-type spock1 

cells in the close proximity of blood vessels (10-20 µm) were able to rescue the leaky 

phenotype of spock1 mutant zebrafish. Similar observations were described in Spock1 

knock out mice during the embryonal development, however, the blood brain barrier was 

fully restored in adult mice (98). The expression of SPOCK1 by smooth muscle cells in 

the arterial wall or perivascular hepatocytes raise the possibility of similar paracrine effect 

on liver endothelial cells. 

The function of the hepatocytes depends on their localization in the parenchyma. 

Periportal hepatocytes preferentially express genes involved in gluconeogenesis, fatty 

acid metabolism and amino acid degradation, whereas pericentral hepatocytes express 

genes responsible for glycolysis, cholesterol production and xenobiotic metabolism. 

Markers related to these metabolic processes have been used to differentiate hepatocytes 

in different zones of the liver lobule. Glutamine synthetase is only expressed in pericentral 

hepatocytes in the normal liver (99), carbamoylphosphate synthase shows high 

expression in the periportal zone, cytochrome p450 (CYP450) IIE1 is preferentially 

expressed in the pericentral and midzonal region of the liver lobule (100,101). 

Interestingly, SPOCK1 expression was observed in both pericentral and periportal 

hepatocytes, with no positivity in the midzonal region. To the best of our knowledge, 

there is no marker with similar staining pattern, which raises interesting questions about 

the potential similarities in metabolic or other function. 

Our experiments show co-localization of the mitochondrial marker MitoTracker and 

SPOCK1. Generally, CSPGs localize in the extracellular space, thus it is interesting that 

SPOCK1, which is dominated by CS GAGs, was found intracellularly. This may indicate 

its physiological function. The role of SPOCK1 in mitochondria is not known, one study 
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suggests its involvement in lipid metabolism trough regulation of the expression of 

another mitochondrial protein, UCP-1 (73). So far serglycin has been the only 

intracellular PG identified in mast cells granules and is involved in the storage of the 

proteases, histamine and serotonin (35). 

Liver is well known for its high regenerative capacity. Hepatocyte proliferation during 

the regeneration is regulated by several factors. To determine whether SPOCK1 is 

involved in normal hepatocyte proliferation, we performed SPOCK1 IHC on explanted 

human liver samples after massive hepatic necrosis. We observed high expression of 

SPOCK1 in dedifferentiated hepatocytes organized into acinar structures. Previous 

studies found that these hepatocytes show focal positivity with AFP, Delta-like 1 homolog 

(DLK-1) and glypican-3 markers (10). Hepatocytes differentiating from ductular cells 

were also found to express SPOCK1. These cells show strong CYP-450 and HNF4 

positivity and weak positivity for CK19, while they were not labelled with AFP, DLK-1 

and Glypican-3 markers. At later stages these cells form round clusters of hepatocytes, 

interestingly faint SPOCK1 expression was observed in these regenerative foci. This 

raises the possibility that SPOCK1 plays a role in the early differentiation of the 

progenitor cells (10). 

Contrary to previous published data (79) on the localization of SPOCK1 in hepatic stellate 

cells, we identified hepatocytes as the main source of SPOCK1 in liver cirrhosis and 

observed faint SPOCK1 positivity in fibroblasts. This is also supported by our in vitro 

experiment where isolated primary rat hepatocytes showed strong SPOCK1 expression 

but not the Lx2 hepatic stellate cell line (79). The lack of SPOCK1 positivity in the 

fibrotic areas also suggests that secreted SPOCK1 is released into the circulation rather 

than binding to the ECM. 

We provided evidence that SPOCK1 is elevated in both cirrhosis and HCC. We observed 

a significant increase in SPOCK1 levels in in liver samples from HCV-infected patients 

with cirrhosis and HCC, as well as in cirrhotic liver samples of unknown etiology. The 

dominant GAG of SPOCK1 is CS, but it also carries HS sugar chains. It is well 

documented that HSPGs serve as docking sites for viruses. In the case of HCV, syndecan-

1 and syndecan-4 serve as entry sites for the virus (102). 



 45 

In HCCs, the GAG composition is shifted toward CSs. Here we show that concomitant 

with the downregulation of syndecan-1, we observed elevated SPOCK1 expression in the 

micro-metastases of the HCC. Glypican-3 and agrin are the dominant HSPGs in HCC, 

and versican has been considered as the primary source of the CS, however SPOCK1 may 

also contribute to this shift (33). 

To overcome the limitations of the small sample size in our cohort, we further 

strengthened our results by analyzing publicly available databases. This supported our 

findings and revealed higher SPOCK1 mRNA expression in HCC samples compared to 

control samples. SPOCK1 levels were also significantly higher in HCC compared to the 

tumor surrounding area. Furthermore, high SPOCK1 expression in HCC correlated with 

significantly shorter overall survival. Our observation in HCC aligns with the literature 

where high SPOCK1 expression has been associated with poor prognosis in other cancer 

types (76,103). 

The DEN-induced hepatocarcinogenesis model is widely used to investigate the 

development of liver cancer. DEN binds to the DNA and triggers mutations upon 

activation of cytochrome P450 enzymes. In our DEN injected mouse model, HCC reliably 

develops without preceding liver cirrhosis. We found upregulation of SPOCK1 

expression during hepatocarcinogenesis. The upregulation of CHD1L detected at 9-

months time-point could drive the changes seen in SPOCK1 levels. Our mouse model of 

hepatocarcinogenesis further supported that SPOCK1 is actively involved in HCC 

progression. 

SPOCK1 also plays an important role in chemo- and targeted therapy and in the 

mechanism of resistance to these drugs. In a previous study we have shown that 

neoadjuvant chemotherapy in serous ovarian carcinoma significantly reduced SPOCK1 

expression as assessed by IHC (103). By establishing Temozolomide resistant 

glioblastoma cell lines (U87 and U251) increased SPOCK1 expression was observed and 

these cells could be sensitized to Temozolomide by silencing SPOCK1 (104). Similar 

results have been observed in colon cancer cell lines (HCT116 and LoVo) by acquiring 

5-fluorouracil resistance and in lung cancer cell lines (HCC827, PC9) resistant to third‐

generation EGFR tyrosine kinase inhibitor Osimertinib (105,106). On the other hand, 

generating Gefitinib-resistant PC9 NSCLC cell line harboring the T790M mutation 
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decreased the expression of the SPOCK1, thus sensitizing the cancer cell line to 

radiotherapy (107). Our cell culture experiments showed that HCC cell lines secreted 

SPOCK1 in conditioned medium. We therefore collected serum samples from HCC 

patients and measured SPOCK1 levels by ELISA. However, our cohort was relatively 

small, we detected elevated SPOCK1 levels in the serum of patients with HCC compared 

to control samples. This correlates with our previous findings where we detected 

increased level of SPOCK1 in serum from patients with serous ovarian carcinoma. 

Interestingly, we found that chemotherapy reduced the serum concentrations when 

compared to patients not receiving treatment (103). Li et al. performed transcriptome 

analysis of serum samples from patients with pT1 lung adenocarcinoma with or without 

lymph node metastasis. A series of transcripts, including SPOCK1, have been identified 

that reliably predict lymph node metastasis (108). Taken together, this data suggests that 

SPOCK1 is a promising candidate as a biomarker, easily accessible from liquid biopsy, 

that may help to monitor disease progression or the efficacy of therapy. However, the 

interpretation of increased levels requires caution, as elevated serum SPOCK1 levels have 

also been observed in sepsis and this correlated with the severity of the septic shock (88). 

As expected, SPOCK1 promoted the BrdU incorporation of the HCC cell lines as 

measured by the BrdU incorporation assay. This finding aligns with previous studies that 

have emphasized the role of the SPOCK1 in proliferation and migration of various cancer 

cell lines (77,78,85,91,92,110,111). As a molecular background, we identified alterations 

in EGFR levels, members of MAPK signaling pathway (ERK1/2, MSK1/2, and CREB 

(S133)) and Src family kinases (SFKs) (Src, Lyn, and Yes, Fyn, Hck and Fgr), as a 

consequence of SPOCK1 silencing in HLE and Huh7 cell lines. 

In vitro knocking in or knocking down of SPOCK1 didn’t affect intracellular levels of 

PG. This suggests that the secreted form plays a role in the observed changes in signaling 

pathways. The only reported receptor for SPOCK1 is integrin α5β1 (79), although the 

mechanistic details are not known. 

Here we first reported that SPOCK1 regulates several members of SFKs, which are non-

receptor tyrosine kinases that regulate different cellular functions. They are required for 

the disassembly and turnover of focal adhesions, thus regulating cell migration (112). 

They are also implicated in the activation of MMP2 and MMP9 in cancer cells (113,114). 
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They can be activated by direct binding to the cytoplasmic tails of integrin receptor 

beta1A, beta2, and beta3 (115). Guégan et al. have shown that activation of tyrosine 

kinase Yes can also promote HCC development. Hydrodynamic injection of activated Yes 

Y537F into mice was sufficient to induce tumor formation in a YAP/TAZ dependent 

manner (116). Together, these data suggest a possible link between SPOCK1 

overexpression and activation of SFKs, and this promotes HCC. 

In summary, our findings demonstrate that SPOCK1 is expressed in the arterial wall as 

well as in pericentral and periportal hepatocytes in the normal liver. We have also 

provided evidence for its mitochondrial localization. We identified high levels of 

SPOCK1 expression in the dedifferentiated hepatocytes during liver regeneration. 

Increased SPOCK1 expression was observed not only in HCC but also in cirrhosis and 

high SPOCK1 expression correlated with shorter overall survival. Elevated level of 

SPOCK1 was detected in the serum of HCC patients. SPOCK1 increased the BrdU 

labeling index in HCC cell lines and we identified members of the MAPKs and SFKs as 

being involved.  
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6. Conclusions 

Our aim was to evaluate the role of the SPOCK1 in normal liver, regenerating liver, 

cirrhosis, and HCC. For this we evaluated the SPOCK1 expression in human and mouse 

liver samples, and measured its level in human serum samples. In addition, we assessed 

the effect of SPOCK1 on human HCC cell lines and analyzed the signaling pathways 

involved. 

Based on our study, we conclude the following new findings: 

1. In normal human liver, SPOCK1 is expressed in periportal and pericentral 

hepatocytes and in the smooth muscle cells of the arterial wall. 

2. We identified the co-localization of SPOCK1 with mitochondria in cultured cells. 

3. In human liver SPOCK1 shows a distinct expression pattern depending on the 

type of liver regeneration: 

a. It is highly expressed in the dedifferentiated hepatocytes. 

b. It is expressed in the differentiating cells with hepatocyte morphology 

derived from progenitor cells, however it is weakly expressed in the 

regenerative foci. 

4. A significantly higher SPOCK1 expression was observed in HCV related human 

cirrhotic livers and HCC. 

5. Higher SPOCK1 levels were detected in the serum samples of HCC patients. 

6. Elevated SPOCK1 expression was observed in transformed foci in DEN-induced 

mouse hepatocarcinogenesis model. 

7. Silencing SPOCK1 reduced the BrdU incorporation index of HCC cell lines (HLE 

and Huh7) and SPOCK1 overexpression increased the BrdU incorporation index 

of the HepG2 cell line. 

8. Silencing SPOCK1 reduced the levels of SFK phosphoproteins. 
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7. Summary 

SPOCK1 is a CSHS-PG that is overexpressed in several types of cancer and this correlates 

with poor prognosis. Under normal conditions it is highly expressed in certain regions of 

the brain, it has been also detected in the heart, skeletal muscle, prostate and testis, but 

not in the normal liver. It is also involved in the development of the blood-brain barrier 

and in the adipocyte differentiation and maturation. Its known transcription factor is 

CHD1L and it interact with the integrin α5β1 receptor. It is involved in the EMT, 

remodeling of the ECM trough activation of MMP2 and MMP9, and activates the AKT 

and Wnt/β-catenin signaling pathways. 

Our objective was to investigate the role of SPOCK1 in physiological and pathological 

conditions of the liver. 

We found that SPOCK1 is expressed in the hepatocytes adjacent to the portal and central 

veins in normal human liver and exhibits a cytoplasmic granular staining pattern. It co-

localizes with mitochondrial markers on immunofluorescent staining. It is highly 

expressed in isolated primary rat hepatocytes but not in the Lx2 human hepatic stellate 

cell line in co-culture. High SPOCK1 expression was observed in dedifferentiated 

proliferating hepatocytes in human liver regeneration after massive hepatic necrosis. Its 

level was significantly increased in HCV-related cirrhosis and HCC and in silico analysis 

revealed that increased SPOCK1 expression in HCC correlated with shorter overall 

survival. Increased SPOCK1 and CHD1L expression was observed in the foci in DEN 

induced mouse model of hepatocarcinogenesis. We found that SPOCK1 is secreted into 

the culture medium of the HCC cell lines, and increased levels of SPOCK1 were also 

found in the serum of patients with HCC. Overexpression of SPOCK1 in HepG2 cell line 

increased the BrdU labeling index, whereas silencing of SPOCK1 in HLE and Huh7 cell 

lines decreased the BrdU labeling index. Phosphokinase array revealed that silencing 

SPOCK1 significantly decrease the level of EGFR, ERK1/2, TOR(S2448) and Yes in 

HLE and Huh7 cell lines. 

SPOCK1 is present in the normal liver and its level is increased in liver regeneration also 

significantly increases in liver cirrhosis and HCC. Together with our in vitro data this 

suggest that SPOCK1 might contribute to the development and progression of HCC. 
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