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Cell-selective delivery of antifibrotic drugs may be an effective strategy to treat 
liver fibrosis. The hepatic stellate cell (HSC) is the main target cell for such therapies, 
and new HSC-selective carrier systems have become available in recent years. The 
aim of this study was to examine the selective targeting of the apoptosis-inducing 
drug 15d-PGJ2, using two different HSC-carriers; Mannose-6-phosphase human 
serum albumin (M6P-HSA) and pPB-HSA, recognizing either insulin-like growth 
factor II/ M6P (IGF-II/M6P) or Platelet Derived Growth Factor (PDGF) receptors 
respectively. After coupling, both 15d-PGJ2-conjugates remained pharmacologically 
active and studies showed specific binding to HSC in vitro. However, a selective 
scavenger receptor antagonist reduced the binding of 15d-PGJ2-M6P-HSA to HSC. 
This effect was not detected with 15d-PGJ2-pPB-HSA. Both conjugates rapidly and 
massively accumulated in fibrotic livers in vivo. Intrahepatic analysis revealed that 
15d-PGJ2-M6P-HSA was mainly taken up by HSC, and to a less extend by Kupffer 
cells. 15d-PGJ2-pPB-HSA was also predominantly taken up by HSC, but some 
uptake in all other resident hepatic cell-types was found. Assessment of target 
receptors in human cirrhotic livers revealed that IGF-II/M6P-receptor expression was 
enhanced in fibrogenic cells. PDGF-�-receptor expression also massively increased 
on fibrogenic cells within fibrotic livers. In conclusion, these studies show that 15d-
PGJ2 coupled to HSC-selective drug carriers is specifically taken up in vitro and in 
vivo by the designated target cells and is highly effective in vitro within these cells. 
Both carriers differ with respect to receptor specificity in vitro, leading to differences in 
intrahepatic distribution during fibrosis. Nevertheless, both carriers can be applied to 
deliver the apoptosis-inducing drug 15d-PGJ2 to HSC in vivo. 
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INTRODUCTION 
Liver fibrosis may occur as a response to chronic liver injury and may lead to 

cirrhosis. The Hepatic Stellate Cells (HSC) plays a pivotal role in this fibrogenic 
process. This cell starts to proliferate and accumulate within the injured liver. During 
this activation process, increased amounts of extra cellular matrix compounds and 
inhibitors of matrix degradation are produced by these HSC, thereby strongly 
affecting the liver architecture and eventually liver functioning 1,2. 

Up till now, no pharmaceutical intervention is available to treat this fibrotic 
disease. The application of antifibrotic drugs has not been successful, partly because 
these drugs do not accumulate in the target cell in the diseased liver or cause side 
effects elsewhere in the body. A potential antifibrotic therapy may therefore apply a 
drug-targeting approach to alter the pharmacokinetics of the drug. This leads to 
increased accumulation of the drug at the desired site, while it reduces the adverse 
effects after systemic administration of the drug. 

In recent years, three different HSC-selective carrier systems have become 
available 3-5. One system uses the sugar Mannose-6-Phosphate which is coupled to 
the protein Human Serum Albumin (HSA) to form M6P-HSA. This carrier binds 
specifically to the Insulin Like Growth Factor II / Mannose-6-Phosphate receptor (IGF-
II/M6P) receptors present on HSC 6. The expression of these IGF-II/M6P receptors 
increases as a result of HSC activation during liver fibrosis enabling rapid 
accumulation of M6P-HSA in the HSC of fibrotic rats 3,6,7. However, some studies 
suggested uptake of this carrier by other hepatic cells, probably via their scavenger 
receptors 3,8. 

The other two HSC delivery systems contain small cyclic peptides that mimic 
the binding site of Platelet Derived Growth Factor BB to its PDGF-� receptor or the 
collagen type VI receptor. These peptides are chemically coupled to the protein HSA. 
In particular the carrier homing to the PDGF-� receptor is thought to be very relevant 
since PDGF BB is the major cytokine involved in the proliferation of HSC during the 
fibrotic process. As a result, the PDGF-� receptor is highly upregulated on activated 
HSC 9,10. The formed pPB-HSA carrier protein preferentially homed to the HSC of 
fibrotic rat, although accumulation in hepatocytes has been reported 5. 

A candidate drug to target specifically to activated HSC should inhibit its 

proliferation and reduce its collagen synthesis. In this respect, 15-deoxy-∆12,14-
Prostaglandin J2 (15d-PGJ2) could be an interesting drug. Recently, it was shown that 
this prostaglandin, mediated by cyclooxygenase 2 (COX-2) activity, strongly induced 
apoptosis of human hepatic myofibroblasts (hMF) 11. Sub-apoptotic concentrations of 
15d-PGJ2 strongly inhibited the expression of interstitial collagens in human hMF as 
well as its proliferation in vitro 12,13. 15d-PGJ2 was also found in vivo at sites of 
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inflammation during the resolution phase of the disease, suggesting that it might 
function as a negative feedback regulator of the inflammatory process 14. 

However, the pharmacokinetic properties of prostaglandins including 15d-
PGJ2 limit their therapeutic use. Prostaglandins are locally acting mediators that are 
rapidly metabolized by the lung 15 or in plasma 16 and cleared from the body via renal 
excretion, resulting in a very short half life 17. For example, PGE2 (dinoprostone) has 
a plasma half-life (t½) of less than 1 minute and PGI2 (epoprostenol) has a t½  of 2-3 
minutes 18. Also the high protein binding of prostaglandins in serum 19 might prevent 
15d-PGJ2 to effectively reach the essential cells within the liver after systemic 
administration. 

The aim of this study was therefore to couple 15d-PGJ2 to HSC-selective drug 
carriers and study the uptake and pharmacological effects within the target cells. Two 
different HSC-selective carriers i.e. M6P-HSA and pPB-HSA will be compared in 
these studies. 

 
 

MATERIALS AND METHODS 
 
Materials 

Human Serum Albumin (HSA) was purchased from the central laboratory of the blood 
transfusion services (Sanquin Blood Supplies, Amsterdam, The Netherlands). 15-deoxy-�12,14-
Prostaglandin J2 (15d-PGJ2) was purchased from ITK Diagnostics (Uithoorn, The Netherlands). All 
other chemicals used were of analytical grade. 
 
Animals 

Male Wistar rats (Harlan, outbred strain, Horst, The Netherlands) were housed under standard 
laboratory conditions and had free access to food and water. This study was performed in accordance 
with ethical regulations imposed by Dutch legislation. 

 
Human liver tissue 

Human liver tissue was obtained from redundant parts of donor livers after reduced-size liver 
transplantation. Cirrhotic human livers were obtained from patients undergoing liver transplantation. 
The use of human liver tissue was approved by the Medical Ethical Committee of the University 
Medical Centre Groningen (UMCG), The Netherlands. 
 
Synthesis 

M6P-HSA: HSA was modified with mannose 6-phosphate groups as described earlier to 
obtain the drug carrier M6P-HSA 3,7. The monomeric fraction was separated from the dimeric and 
polymeric fraction by size-exclusion chromatography on a HiLoad 16/60 Superdex 200 column (GE 
Healthcare, Uppsala, Sweden). 

pPB-HSA: The cyclic peptide C*SRNLID*C was prepared by Ansynth Service BV 
(Roosendaal, The Netherlands) and covalently coupled to HSA according to Beljaars et al 5.  
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Conjugation of 15d-PGJ2 to the carrier: The carboxylic group of 15d-PGJ2 (10 mg dissolved in 
150 µl Dimethyl Formamid [DMF]) was activated with 11.7 mg N,N-Dicyclohexylcarbodiimide (DCC,  
Sigma, St. Louis, MO, USA) dissolved in 80 µl DMF and stirred for 1 hour (RT). This 15d-PGJ2/DCC 
solution was subsequently added to 20 mg M6P-HSA or pPB-HSA (dissolved in PBS, 4 mg/ml) and 
the mixture was stirred at RT during 16 hours. The mixtures were extensively dialyzed (Slide-A-Lyzer 
10K, Pierce Biotechnology, Rockford, IL, USA) against milliQ water at 4 °C to remove all low molecular 
weight compounds (including excess of uncoupled 15d-PGJ2) and the conjugates were lyophilized and 
stored at -20 °C. Six molecules of 15d-PGJ2 were coupled to M6P-HSA and 8 molecules of 15d-PGJ2 
were coupled to pPB-HSA, as measured by 15d-PGJ2 correlate-EIA kit (Assay Designs, Ann Arbor, 
Michigan, USA). 
 
Rat hepatic stellate cell isolation 

Primary HSC were isolated from livers of male Wistar rats (±500 g, Harlan, outbred strain) 
according to Geerts et al 20. Briefly, the livers were digested with collagenase P, DNAse (both Roche 
Diagnostics, Indianapolis, IN, USA) and pronase E (Merck, Darmstadt, Germany). After separation of 
the HSC from other hepatic cells by density-gradient centrifugation, the HSC were collected at the top 
of a 12% Nycodenz-solution. Subsequently, the cells were cultured in DMEM (Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal calf serum (FCS), and incubated in a 5% CO2 humidified 
atmosphere at 37 °C. Cells cultured for 10 days were used for further experiments. At this time point, 
all cells have the phenotype of activated HSC 21. The phenotype of the HSC was routinely evaluated 

by microscopy and checked for the presence of α-Smooth Muscle Actin, a marker for activated HSC, 
by immunohistochemical methods. 
 
Binding to HSC 

To determine the specific binding of the conjugate to rat HSC, binding assays were performed 
7 with 125I-15d-PGJ2-M6P-HSA and 125I-15d-PGJ2-pPB-HSA, labelled according to Mather and Ward 22. 
100,000 Cells (10 days after isolation) were grown in a 6 well-plate and pre-incubated with 1% Bovine 
Serum Albumin (BSA) in DMEM to block non-specific binding. HSC were then incubated at 37°C with 
100,000 cpm of labelled conjugate in DMEM with 0.2% BSA. Furthermore, specific binding of the 
conjugates was assessed by co-incubating the cells with HSA, M6P-HSA, pPB-HSA (all 1 mg/ml) or 
Polyinosinic Acid (PIA, 10 µg/ml). After 2 hours, cells were washed with PBS and the cell-associated 

radioactivity was measured on a γ-counter (Riastar, Packard instruments, Palo Alto, USA). 
 
Biological effects on HSC. 

HSC (day 7 after isolation; 5,000/well) were incubated in a 96-well plate for 24 hours in 200 µl 
medium with serum, then washed with serum-free medium and incubated for an additional 24 hours in 
200 µl medium with or without 10% FCS. Subsequently, 15d-PGJ2, 15d-PGJ2-M6P-HSA, M6P-HSA, 
15d-PGJ2-pPB-HSA or pPB-HSA were added in increasing concentrations and the cells were 
incubated with and without 10% FCS for another 18 hours. Alamar blue (20 µl, Serotec, Oxford, UK) 
was added and the cells were incubated for an additional 24 hours (i.e. final analysis  of HSC at day 
10 after isolation). The conversion of the Alamar blue redox indicator by the metabolic activity of the 
cells reflects the number of cells (i.e. net result of proliferation and apoptosis) present in each well. The 
alamar blue conversion was measured using a fluorimeter 23. 
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Induction of fibrosis 
To induce liver fibrosis, male Wistar rats (220-240 g) were subjected to bile duct ligation (BDL) 

as described by Kountouras et al. 24. The rats were used for further experiments after ten days after 
ligation, (BDL-10d), when HSC are activated, but fibrosis is not excessive yet. 
 
Organ distribution 

Organ distribution experiments were performed in BDL-10d rats. Animals were injected i.v. 
with a tracer dose of 125I-HSA, 125I-15d-PGJ2-M6P-HSA or 125I-15d-PGJ2-pPB-HSA (1,000 000 cpm per 
rat, n=3) under anaesthesia. Fifteen minutes after injection, the animals were sacrificed by heart 

puncture. The organs were removed and the radioactivity in each organ was measured with a γ-
counter (Packard instruments). The total radioactivity measured in the total organ was corrected for 
the blood derived radioactivity according to standard procedures 4. 
 
Hepatic localization 

Anaesthetized BDL-10d rats were injected i.v. with 2 mg/kg 15d-PGJ2-M6P-HSA or 15d-PGJ2-
pPB-HSA. Fifteen minutes after administration, the rats were sacrificed and sections of the liver were 
frozen in isopentane (-80 °C) and stored until immunohistochemical examination.  
 
Immunohistochemical stainings 

Acetone-fixed cryostat sections (4 µm) of liver sections were double stained for the presence 
of the carrier with a antibody against HSA (MP Biomedicals, Irvine, CA, USA) together with an 
antibody specific for either the Kupffer cell (ED2, Serotec), Endothelial cell (RECA1, Serotec) or HSC 
(Desmin and Glial Fibrilarry Acid Protein [GFAP] simultaneously, both Sigma) 3. 

The double stained sections were quantified by two independent observers (10 fields with 
200X magnification per quantification). The total number of double positive cells (HSA and hepatic cell 
type marker positive) was counted and related to the total number of HSA-positive cells. Rat receiving 
15d-PGJ2-pPB-HSA showed a faint staining in hepatocytes, yet discrimination between positive and 
negative cells was difficult. We therefore counted only the non-parenchymal cells. 

To detect the target receptor in human tissue, acetone-fixed cryostat sections (4 µm) of human 
liver sections were stained with goat polyclonal antibodies directed against the IGF-II/M6P-receptor or 
PDGF-� receptor (both Santa Cruz Biotechnology Santa Cruz, CA, USA).  
 
Statistics 

Results are expressed as +/- SEM. Statistical analysis was performed by two tailed Student’s 
t-test. P values lower than 0.05 were considered statistically significant. 
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RESULTS 
 
Binding to HSC 

Radioactive binding studies with 125I-labeled 15d-PGJ2-M6P-HSA and 15d-
PGJ2-pPB-HSA were conducted to assess and compare the interaction of these 
conjugates with activated rat HSC.  

Studies with both conjugates showed significant binding to HSC after 
incubation (= control situation). To assess the specificity of this cellular binding, we 
examined whether M6P-HSA, HSA, pPB-HSA (all 1 mg/ml) and Polyinosinic Acid 
(PIA, 10 µg/ml) were able to compete with this interaction. PIA is a well known 
antagonist of scavenger receptors due to its polyanionic character 25. Because of the 
coupling of approximately 33 M6P molecules to HSA, the net negative charge of the 
molecule is increased. Therefore, scavenger receptor uptake might play a role in the 
uptake by HSC. 

 
 
 
 
 
 
 
 
 

 
 
Figure 1: Binding of 125I-15d-PGJ2-M6P-HSA (closed bars) and 125I-15d-PGJ2-pPB-HSA (open bars) to 
cultures of rat HSC. The effect of co-incubation with excess amounts of several receptor agonist and 
HSA was measured to asses receptor specificity. The results are expressed as the mean ± SEM (* = p 
< 0.05; n.d. = not determined). 

 
In Figure 1 it can be seen that binding of 125I-15d-PGJ2-M6P-HSA to HSC was 

significantly reduced by 81 ± 5% (P<0.05) after co-incubation with M6PHSA. Co-
incubation with PIA resulted in a reduction of cellular binding by 70 ± 10% (P<0.05). 
In contrast, preincubation with HSA only mildly affected the binding of 125I-15d-PGJ2-
M6P-HSA to the HSC. This indicates that binding to target cells is mediated by 
specific receptors, but next to the IGF-II/M6P receptor, the scavenger receptor on 
HSC is involved in the binding and uptake of this M6P-HSA conjugate. 

The binding of 125I-15d-PGJ2-pPB-HSA to HSC was significantly reduced by 
66 ± 10% by an excess of pPB-HSA compared with the control incubations, whereas 
preincubation with neither HSA, M6P-HSA nor PIA did affect the binding of 125I-15d-
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PGJ2-pPB-HSA to the HSC (P<0.05). These studies show that 125I-15d-PGJ2-pPB-
HSA binds to HSC via specific receptors not involving the scavenger receptors. In 
this respect, both constructs differ profoundly. 
 
The biological effects on HSC 

We examined the effects of 15d-PGJ2 in its free form and conjugated to M6P-
HSA or pPB-HSA on the viability in cell cultures of primary isolated rat HSC. The 
influence of serum was also tested since serum components like albumin are known 
to affect the bioactivity of prostaglandins19. The addition of native 15d-PGJ2 to cells 
grown without FCS caused a significant and dose-dependent decline in viability (75% 
reduction at 20 µM 15d-PGJ2, Figure 2A). Addition of 10% FCS completely abolished 
this reduction in HSC viability (0% reduction at 20 µM 15d-PGJ2, Figure 2A). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Effect of different compounds on the viability of isolated activated HSC. A: 15d-PGJ2, B: 
15d-PGJ2-M6P-HSA and the carrier M6P-HSA alone, C: 15d-PGJ2-pPB-HSA and the carrier pPB-HSA 
alone. The experiments were performed under serum starvation (closed bars) or in the presence of 
10% FCS (open bars). The estimated concentration of 15d-PGJ2 coupled to M6P-HSA (6 molecules) 
or pPB-HSA (8 molecules) is depicted as well as the protein concentration of both conjugates. The 
control cells (incubated with vehicle) are set at 100% viability and control wells without cells are set as 
0% viability. The results are expressed as the mean ± SEM (n=3, * = p < 0.05). 
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PGJ2). In the presence of 10% FCS, both conjugates were still able to reduce the cell 
number, although the dose-response curve was somewhat shifted to the right (Figure 
2B, 69 % reduction at 250 µg/ml 15d-PGJ2-M6P-HSA; Figure 2C, 81 % reduction at 
250 µg/ml 15d-PGJ2-pPB-HSA). Both carriers alone (250 µg/ml of M6P-HSA and 
pPB-HSA) induced no effect at all on cell viability, either with or without FCS (Figure 
2B and C). 
 
The distribution in vivo in fibrotic rats 

The organ distribution of HSA, 15d-PGJ2-M6P-HSA and 15d-PGJ2-pPB-HSA 
was studied in BDL rats, 10 days after induction of the disease. Fifteen minutes after 
i.v. administration, both 125I-15d-PGJ2-M6P-HSA and 125I-15d-PGJ2-pPB-HSA 
accumulated significantly in the livers (86% and 63% of the dose respectively), 
leaving little conjugate in the blood (3 % and 16 % respectively). Less than 3% of the 
administrated 125I-15d-PGJ2-M6P-HSA and only 7% of the administrated dose of 125I-
15d-PGJ2-pPB-HSA was taken up in other organs and tissues such as the kidney, 
heart, lung and spleen (Figure 3). In contrast, organ distribution studies of 125I-HSA in 
BDL-10d rats revealed that 57% of the injected dose was still in the blood 15 minutes 
after injection and less than 8% of the injected dose was associated with other 
organs (Figure 3). In conclusion, these data indicate a rapid and almost complete 
targeting of both conjugates to the fibrotic liver. 

 
 
 
 
 
 
 
 
 
 

 
Figure 3: Quantitative analysis of in vivo distribution of 125I-labeled proteins (15d-PGJ2-M6P-HSA, 
15d-PGJ2-pPB-HSA and HSA) 15 minutes after i.v. injection in fibrotic rats (BDL day 10). 

 
The hepatic localization in vivo in fibrotic rats 

To determine the cell-specificity of 15d-PGJ2-M6P-HSA and 15d-PGJ2-pPB-
HSA within the diseased liver, we injected BDL-10d rats with the conjugates and 
examined the intrahepatic distribution immunohistochemically. Double-staining of 
liver sections with an antibody directed against HSA combined with antibodies 
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directed against different markers for hepatic cells revealed the cellular localization of 
the conjugate. 15d-PGJ2-M6P-HSA was clearly taken up by non-parenchymal cells. 
Quantitative evaluation by counting double positive cells showed that 64 % of the 
double positive cells could be identified as HSC (Table 1, Figure 4). Also Kupffer cells 
displayed substantial uptake of the M6P-conjugate (39 %), whereas endothelial cell-
uptake was low (7 %, Table 1). Quantitative evaluation of the cellular distribution of 
15d-PGJ2-pPB-HSA revealed that 57 % of the double positive non-parenchymal cells 
were identified as HSC (Table 1, Figure 4), whereas 24 % and 32 % of the HSA-
positive cells were identified as Kupffer cells and endothelial cells respectively (Table 
1). Hepatocytes also contributed to the uptake 15d-PGJ2-pPB-HSA in the fibrotic 
liver, but because of the faint non-localized staining in these cells, discrimination 
between positive and negative cells was difficult. Therefore, the scoring procedure 
did not allow good quantification of this uptake. 

 
Table 1: Estimation of the intrahepatic distribution of 15d-PGJ2-M6P-HSA and 15d-PGJ2-pPB-HSA in 
10d-BDL fibrotic rat livers, 15 minutes after injection. The number of double-stained positive non-
parenchymal cells was related (in percentage) to the total number of cells that are stained positive for 
the conjugate in the same microscopical area (n.q. = not quantified). 

 

Conjugate 
Cell type 

 

15d-PGJ2-M6P-HSA 
 

15d-PGJ2-pPB-HSA 

Hepatocytes - n.q. 
Hepatic Stellate Cells (%) 64 ± 5 57 ± 7 
Kupffer Cells (%) 39 ± 3 24 ± 8 
Endothelial Cells (%) 7 ± 5 32 ± 7 

 
 
 
 
 
 
 
 
 
 
 

Figure 4: Immunohistochemical double stainings of 15d-PGJ2-M6P-HSA (A) and 15d-PGJ2-pPB-HSA 
(B) with an antibody directed against HSA together with HSC-specific antibodies (desmin and GFAP) 
in BDL-10d rats, 15 minutes after i.v injection (magnification 200X). The inserts shows co-localization 
of the modified HSA together with HSC at a higher magnification (400X). 

A B 
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IGF-II/M6P and PDGF-� receptor staining in normal and cirrhotic human livers 
 Finally, we examined the expression of the designated target receptors in 
healthy and cirrhotic human livers. Normal liver sections displayed a parenchymal 
expression of the IGF-II/M6P-receptor, whereas cirrhotic livers displayed an 
increased expression of the IGF-II/M6P-receptors in the non-parenchymal cells 
(Figure 5A,D). 
 In normal human livers, PDGF-� receptor expression was found along the 
portal and central blood vessels, whereas the sinusoidal endothelium was negative. 
The PDGF-� receptor staining of cirrhotic human livers showed a massive increase in 
its expression, mainly in the fibrous bands around the portal areas. Literature data 
indicate that the activated myofibroblasts are responsible for this increased 
expression 9 and our observations are in line with this (Figure 5B,E). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Immunohistochemical staining of healthy human liver (A, D; magnification 100X) and 
cirrhotic liver (B, E; magnification 40X) for the presence of IGFII/M6P-receptor (A, B and C) and 
PDGF-� receptor (D, E and F). A high magnification (C, F; magnification 400X) shows that the 
fibrogenic cells are positive for both receptors (arrows). 
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DISCUSSION 
In this study, we compared two HSC-specific carries for their ability to deliver 

15d-PGJ2 to the fibrogenic cells in the liver. The first carrier, M6P-HSA, binds 
specifically to the IGF-II/M6P-receptor found on activated HSC 3,6. The second 
carrier, pPB-HSA, can bind to the PDGF-� receptor which is strongly increased on 
the cell-surface of activated HSC 5,9. In both carriers, HSA is applied as the core 
protein, in which the free primary amine group (�NH2) of lysine is coupled to the 
carboxylic acid group (COOH) of 15d-PGJ2. 

After coupling of 15d-PGJ2 to the carriers, the formed conjugates were still 
able to bind to HSC. This binding was inhibited by preincubating the cells with the 
carrier alone and not by HSA, indicating that this binding was specific. However, 
preincubation with PIA, a known blocker for the scavenger receptor class A 26, 
strongly reduced the binding of 15d-PGJ2-M6P-HSA to the cells. Activated HSC are 
known to express both IGF-II/M6P and scavenger class B receptors 6,27. However, 
the profound inhibitory effects of PIA (80% reduction) suggests that not scavenger 
receptor class B, but rather class A contributes to this accumulation 26. This 
scavenger receptor class A has not yet been identified on activated HSC 25, but our 
results warrant further exploration of these receptors on HSC. In contrast, binding of 
15d-PGJ2-pPB-HSA to cultured HSC was not affected by PIA, suggesting that 
scavenger receptors are not involved in the binding of pPB-HSA to HSC. Moreover, 
preincubation with M6P-HSA showed that 15d-PGJ2-pPB-HSA was not interacting 
with any of the binding domains of the M6P-carrier. 

Viability studies showed that both conjugates were able to effectively reduce 
the viability of HSC in vitro. This demonstrated that after coupling, 15d-PGJ2 
maintained its pharmacologic activity. This is an important observation because the 
amide bond formed between the prostaglandins and lysine groups within HSA may 
not be cleaved by intracellular proteases, yielding in the release of 15d-PGJ2-lysine 
within the cells. Apparently this does not seriously affect the biological activity of this 
compound. Also in the presence of serum, both conjugates effectively lowered the 
viability of the cells. Serum completely blocked the effect of free 15d-PGJ2 
demonstrating that the uptake and release of targeted 15d-PGJ2 occurs via a 
different route than in case of free 15d-PGJ2. 

Measurements of the amount of 15d-PGJ2 coupled to both carriers revealed 
that 15d-PGJ2-pPB-HSA contained approximately 8 molecules of 15d-PGJ2, whereas 
15d-PGJ2-M6P-HSA contained approximately 6 molecules of 15d-PGJ2. Maybe 
because of this higher drug load, 15d-PGJ2-pPB-HSA was a more potent reducer of 
the viability of cultured HSC than 15d-PGJ2-M6P-HSA. The difference in amount of 
15d-PGJ2 molecules coupled could be a result of the amount of homing domains 
(M6P or pPB) coupled to the HSA backbone. Recent studies revealed that 28 M6P 
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molecules were chemically coupled to lysine groups to form the M6P-HSA carrier 7, 
whereas 15 pPB molecules were coupled to create the pPB-HSA carrier 5 leaving 
more binding sites available for coupling of 15d-PGJ2 compared to M6P-HSA. 

Distribution studies with 15d-PGJ2-M6P-HSA and 15d-PGJ2-pPB-HSA in 
fibrotic rats revealed an almost complete targeting to the liver (86 % and 63% of the 
injected dose respectively) with no significant uptake elsewhere in the body, whereas 
HSA remained in the blood with almost no liver accumulation.  

Analysis of the intrahepatic localization of 15d-PGJ2-M6P-HSA demonstrated a 
non-parenchymal distribution pattern. This construct predominantly accumulated in 
the HSC (64%) and Kupffer cells (39%). The high accumulation of the M6P-conjugate 
in Kupffer cells is probably a direct effect of the net negatively charged protein 
backbone of the construct which is recognized by scavenger receptors (both class A 
and B) on these Kupffer cells 26. 

In contrast, intrahepatic distribution studies of 15d-PGJ2-pPB-HSA showed 
parenchymal as well as non-parenchymal uptake. Hepatocyte uptake was probably 
relatively low, reflected by the faint staining and could therefore not be quantified. 
The non-parenchymal delivered conjugate predominantly accumulated in the HSC 
(57%) with some accumulation in the Kupffer cells and endothelial cells. It is likely 
that the pPB-conjugate follows a similar route as the growth factor PDGF-BB 5, which 
is taken up by hepatocytes after opsonization by �2-macroglobulin 28. 

The M6P-HSA carrier has already been tested in several in vivo studies 
exploring the effect of HSC-targeted drugs. Next to 15d-PGJ2, other drugs such as 
pentoxyfilline, doxorubicin and mycophenolic acid have been selectively delivered to 
the HSC during fibrosis. In all cases, significant pharmacological effects in bile duct 
ligated rats have been found. However, the fibrotic process was not completely 
resolved and much effort has yet to be undertaken 8,29,30. 

The PDGF-� receptor is involved in the progression of fibrotic diseases in a 
variety of organs including lung, kidney, liver, skin and intestine 31 and this receptor is 
increased in the fibroblast-like cells during fibrosis 9,10,32,33. Also the IGF-II/M6P 
receptor is increased during several fibrotic diseases 6,34. Although much less is 
known about its expression profile during several diseases, in both cases, blockade 
of the receptor might be beneficial. So drug carriers may contribute to the 
therapeutical effects of the conjugate. Both carriers seem therefore applicable for the 
purpose of delivery drugs to the most pivotal cells during fibrosis, yet each carrier has 
its own advantage and disadvantage. 

In summary, these studies show specific binding of two HSA-selective carriers 
in cultures of HSC. The 15d-PGJ2 coupled to M6P-HSA or to pPB-HSA was clearly 
pharmacologically active in vitro and both conjugates rapidly accumulated in vivo in 
the fibrotic liver. Receptor interactions differ between both targeted constructs, 
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leading to differences in the cellular distribution pattern within the liver (Figure 4, 
Table 1), Nevertheless, in both cases, the HSC is the main targeted cell. The 
coupling of 15d-PGJ2 to drug carriers clearly improves the pharmacokinetic profile of 
this prostaglandin and enhanced effects in the presence of serum can be 
demonstrated. In view of the antifibrotic activities of this prostaglandin, these 
constructs may be a valuable tool to attenuate the fibrogenic process within the liver. 
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