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Summary.

The development of murine HA-1 hepatoma was accompanied by increased activity of cathepsin B in ascitic cells, cathepsin D and procathepsin B in ascitic fluid. There were also some changes of cysteine proteinases activity in liver and spleen. The most prominent changes included the decreased content of cysteine proteinase inhibitors cystatin C and stefin A in ascitic cells and - to a lesser degree - in liver tissue; the content of stefin A was decreased also in the spleen. Serum cystatin C concentration in the tumor-bearing mice decreased by 3-times compared to intact mice. Treatment by antitumor drug Ukrain increased life span of mice with HA-1 hepatoma and decreased the daily tumor mass increment. The administration of Ukrain increase the number of macrophages, decreased the number of tumor cells in ascitic fluid and had no effect on the activity of cathepsin B and L. It is suggested that anticancer effect of Ukrain is related to the increased content of endogenous cysteine proteinase inhibitors (like cystatin C) in the tumor cells. 
Introduction.

Cathepsins B and L, along with serine and aspartate proteinases and metalloproteinases, take part in the proteolytic cascade causing extracellular matrix destruction, cancer cells dissemination and metastasing (1). The activity of cysteine proteinases, specifically cathepsins B and L, is increased in a number of human cancers (2-4) and murine lymphosarcoma (5). Activity and expression of cathepsins B and L are noticeably higher in metastasing tumors (6). Moreover, cathepsin B can also activate proteases which digest extracellular matrix (7). Cathepsin D mediates release of interferon-γ and tumor necrosis factor-α (8). 
Proteinases activity is under control of intra- and extracellular inhibitors. Abnormal proteinase secretion in tumors is accompanied with increased consumption of inhibitors, impaired proteinases/proteinase inhibitors ratio and inhibitors depletion with following uncontrolled tumor growth (9). 
Aim of this study: to evaluate the activity of cysteine and aspartate proteinases (cathepsin B, L and D) as well as the content of main cysteine proteinase inhibitors – extracellular one, cystatin C; and intracellular one – stefin A, in HA-1 hepatoma bearing mice with and without antitumor treatment. 
Methods

Animals: male A/Sn mice, aged 3-4 months (Institute of Cytology and Genetics, Siberian Branch of Russian Academy of Science). Tumor: hepatocarcinoma HA-1, first induced with ortho-aminoazotoluene in a male A/He mouse (10). The tumor was transformed into an ascitic form and cryoprotected. Unfrozen tumor was adapted on the animals using 1-2 intraperitoneal passage. Developed ascitic cells were transplanted into the study mice. After the tumor had been transplanted, the animals were divided into 6 groups, 8-10 animals in each. 
On the day 3 after transplantation, the group 1 was administered with Ukrain at a dose of 0.5 mg/20 g body weight; the group 2 was administered with normal saline, 0.5 ml/20 mg body weight; the group 3 was treated with Ukrain at the same single dose, total five administration on alternate days; the group 4 was treated with normal saline in a similar manner. The group 5 contained intact mice without tumor. On the scheduled date animals were sacrificed, blood was sampled, liver and spleen were removed. The efficacy of the treatment was evaluated on the ascitic fluid volume as compared to the control. 
Therapeutic efficacy of the drugs was evaluated on the life span of the study animals and on the growth rate of experimental metastases in the liver. In these experiments, HA-1 hepatoma cells were washed out from ascitic fluids and 105 cells diluted in 0.5 ml normal saline were then intravenously transplanted to mice. Ukrain was administered as described above. Cis-platin (St. Petersburg Chemical-Pharmaceutical Academy) is effective against this tumor and was used as a positive control agent. Cis-platin was administered intravenously (tail vein). The tumor mass in the liver was calculated as 
(HIt – HIc) / (p x 1000), where

HIt – tumor liver index of a mouse,

HIc – mean liver index of intact mice (0.046 in this experimental series),

p – body weight of a tumor-bearing mouse, g.
The content of cystatin C and stefin A as well as the activity of cathepsin B, L and D was estimated in the tumor tissue, liver and spleen homogenates, ascitic cells, ascitic fluid, and serum. 
Tissue homogenates were prepared in 0.25 M sucrose and 1 mM EDTA, pH 7.2-7.4. Triton X-100 at the final concentration of 0.1% was added to the samples. 
The activity of cathepsin B and L was estimated using fluorometric method (11) using substrates Z-Arg-Arg-MCA and Z-Phe-Arg-MCA (Vektor, Kolcovo, Russia), respectively, and a selective cathepsin B inhibitor – CA-074, 10-9 M (a gift by Prof. N. Katunuma). The probe s were incubated at 37C, pH 6.0 (cathepsin B) or 5.5 (cathepsin L9. After the enzymatic reaction had been stopped with a mixture of 0.1 M monochloroacetic acid and 0.1 acetic acid (pH 4.3), fluorescent reaction products were measured using Perkin Elmer 650-10S spectrofluorimeter (Japan) at 355 and 460 nm, respectively. Activity of cathepsins was expressed as nmol methylcoumarilamides (MCA)/min/mg protein – in tissues, and as nmol MCA/ml – in serum. To measure procathepsin B activity, the samples were diluted 16-fold and preincubated with pepsin according to Keppler et al (12) and Lah (6). 
Cathepsin D activity was measured using spectrophotometric method with 2% azocasein solution in 6 M urea (pH 5.0) as substratum; the reaction was stopped with 10% trichloroacetic acid. Optical density was measured at the wavelength 366 nm (13). Cathepsin D activity was expressed in standard units A366/min/mg protein. 
The content of cystatin C and stefin A was measured using enzyme-linked immuno assay (KRKA, Slovenia). We showed previously that murine cystatin C cross-reacts with human cystatin antibodies (14). ELISA was performed as folows: 100 µl of standard cystatin C solution or tested samples were added to polyclonal rabbit anti-cystatin antibodies immobilized on a 96-well plate. After 2h incubation at 37C, non-reacted components were washed out. 100 µl horse radish peroxidase-linked anti-cystatin C monoclonal antibodies were added. Then, 3,3’,5,5’-tetramethylbenzidine solution with 5 µl 33% oxygen peroxide was added. Color reaction products were measured using spectrofluorimeter Star 30 Plate Reader (Kenstar, USA) at the wavelength 450 nm. Data were expressed as nmol/l in serum and as nmol/g protein in tissue homogenates. Stefin A was measured in a similar way.
Data were processed using Statistica software. Statistical significance was estimated using Student’s t-test with p<0.05.
Results and discussion.

Ascitic fluid developed after intraperitoneal implantation of the hepatoma HA-1 contains, besides tumor cells, macrophages, lymphocytes and other blood cells. In the untreated mice, ascitic fluid volume was maximal on the day 10-12 after the tumor implantation; these animals died on the day 16-20.
Cysteine proteinases (cathepsins B and L) as well as aspartate proteinases (cathepsin D) take important part in the development of various tumors (1, 7). This study showed that cathepsin B activity is higher in the HA-1 hepatoma ascitic cells than in the liver of intact mice (table 1). On the day 10 after the tumor implantation, cathepsin B activity in ascitic cells is twice as high as in the liver of tumor-bearing mice (table 1). Probably, it can - at least in part - be explained with increased number of macrophages in the ascitic fluid. 
Cathepsin B is the main macrophage proteinase, increased cathepsin B release indicates the macrophage activation (11.14). Previously, we showed the β-hexosaminidase activity – a characteristic macrophageal enzyme - was increased in the HA-1 hepatoma ascitic cells (15), confirming activation of macrophages.   
On the day 10 after the tumor implantation, cathepsin B activity was decreased in the liver of tumor-bearing mice compared with the intact animals and increased in the spleen (table 1). This is probably due of the toxic effect of the hepatoma on liver and spleen. 
Human and murine serum cathepsin B activity is very low because of the high proteinase inhibitors concentration (15). Cathepsin B substratum degradation can be also caused by other (serine) proteinases, therefore generally one says about ‘serum cathepsin-B-like activity’. Compared to the intact animals, serum cathepsin-B-like activity in the HA-1 hepatoma-bearing mice is decreased on the day 10 after the tumor implantation (table 1). Cathepsin B activity in the ascitic fluid decreased on the day 12 compared to the day 10 (table 1). 
On the day 10, procathepsin B activity in the ascitic fluid of HA-1 hepatoma-bearing mice was 1000fold higher compared to the serum activity: 5.06±0.98 vs. 0.0032±0.001 nmol MCA/min/ml, respectively. This indicates the selective procathepsin B release into ascitic fluid; this is important for the tumor malignisation (15).
Cathepsin L activity in the ascitic cells was comparable with this enzyme activity in the liver of the tumor-bearing animals and lower compared to the liver of intact mice (day 10, 12; table 2). Cathepsin L activity in the liver has been decreasing with the tumor development (p<0.01). Cathepsin L activity in the ascitic fluid and serum is respectively 100- or 20-fold higher than the cathepsin L activity (table 1, 2).
On the day 12, cathepsin D activity in the ascitic cells was almost twice as low as on the day 10. Activity of this enzyme was increased in the ascitic fluid. Cathepsin D activity in the liver and spleen did not change compared to the intact animals (table 3).
The growth of HA-1 hepatoma is accompanied with the changes of cysteine proteinase inhibitors. The content of cystatin C (extracellular cysteine proteinase inhibitor) decreased almost 10fold compared to the liver of intact animals (table 5). Stefin A (intracellular cysteine proteinase inhibitor) concentration in the hepatoma cells was 4.5 times higher than cystatin C concentration (table 4).
In the liver of mice with ascitic HA-1 hepatoma the content of cystatin C was 6 times lower and the content of stefin A was 3 times lower compared to the liver of intact animals (table 4). Cystatin C was not decreased in the spleen, whereas stefin A decreased by 3 times (table 4). Serum cystatin C concentration is 3 times lower in the HA-1 hepatoma-bearing mice than in intact animals (table 4).  
Generally, murine HA-1 hepatoma development was accompanied with increased cathepsin B activity in the ascitic cells, increased cathepsin D activity in the ascitic fluid and increased procathepsin B content in the ascitic fluid. Proteinase activity was also changed in the organs which are not involved into the tumor growth – liver and spleen. Tumor development was accompanied with decreased content of cysteine proteinase inhibitors – cystatin C and stefin A – in the tumor cells and in the liver as well. Stefin A content decreased also in the spleen. Serum cystatin C concentration in the hepatoma-bearing mice was 3 times lower compared to the intact mice. 
Ukrain, a novel semisynthetic anticancer agent of herbal origin (greater celandine, Chelidonium majus L.) was used in this study. Ukrain was previously showed to have cytostatic and cytolytic effect and is effectively used for the treatment of several experimental and human tumors (16, 17). This drug has also immune modulating and hepatoprotective effects and besides interferon-α is effective in the treatment of hepatitis, for example, human viral hepatitis C (18). The exact mode of action of Ukrain has been not fully studied so far. 
We showed that after five administrations of Ukrain to the hepatoma-bearing mice their life-span increased from 20.2±1.9 days to 26.4±2.2 days (p<0.05). The life-span of the animals treated with cis-platin was 30.0±1.8 days (p<0.01). Daily tumor mass increase in the liver was 99±10.6 mg/day for the Ukrain treated mice (5 administrations) and 68±7.5 mg/day for the mice treated with cis-platin (significantly lower than in the control group 179±19.7). 
In the untreated animals with ascitic tumor, ascitic fluid weighed 1.6±0.18 g on the day 10 and 3.7±0.61 g on the day 12. Single administration of Ukrain did not changed the mass of ascitic fluid; in the group treated with five administrations of Ukrain ascitic fluid mass decreased to 2.6±0.53 g on the day 12. Ascitic cell mass was 20.5±3.10% in the untreated animals and 16.4±1.52% (p<0.05) in the Ukrain treated group (five administrations). In the hepatoma-bearing animals, tumor cells were 25% of all ascitic cells, lymphocytes – 28%, macrophages – 31%. Ukrain treatment (five injections) decreased the content of tumor cells to 10% and lymphocytes to 7% and increased the content of macrophages to over 80%. Moreover, in the mice with ascitic HA-1 hepatoma, neutrophiles and monocytes in peripheral blood increased significantly: 56.8±3.8% vs. 16.5±2.8% in control and 2.88±1.09 vs. 1.63±0.56% in control, respectively; in the group treated with Ukrain monocyte count significantly decreased (0.57±0.3 vs. 5.25±0.62% in the intact mice).
The administration of Ukrain (1 or 5 injections) did not affect the cathepsin B and L activity in the tumor cells as well as in the liver and spleen (table 1, 2). Cathepsin D activity in the ascitic fluid increased in the hepatoma-bearing mice and after single administration of Ukrain (table 3). Single and repeated administration of Ukrain increased cystatin C content in the ascitic cells by 1.6-fold (table 5).
Repeated administration of Ukrain increased the life-span of the mice with experimental hepatoma HA-1 metastasing to the liver and decreased the daily tumor mass increase. In the ascitic tumor-bearing animals, the administration of Ukrain changed the cellular content of the ascitic fluid: tumor cells and lymphocytes decreased, macrophages increased. Single or repeated administration of Ukrain did not affect the activity of cathepsin B and L in the ascitic tumor HA-1 cells, however, increased the content of cystatin C. We suggest the anticancer effect of Ukrain is related to increased content of endogenous cysteine proteinase inhibitors, especially cystatin C. This issue will be studied in our further experiments. 
Table 1. Cathepsin B activity in the HA-1 hepatoma bearing mice treated with Ukrain.
	Group


	Liver
	Spleen
	Ascitic cells
	Ascitic fluid
	Serum

	HA-1 hepatoma, 
10 days
	0.191 ± 0.024***
	1.11 ± 0.05***
	0.414 ± 0.02
	0.294 ± 0.050
	0.0132 ± 0.0029*

	HA-1 hepatoma, 10 days + Ukrain (x1)
	0.236 ± 0.015
	1.22 ± 0.03***
	0.495 ± 0.03
	0.216 ± 0.016 (10)
	0.0190 ± 0.0026

	HA-1 hepatoma, 
12 days
	0.342 ± 0.036
	1.02 ± 0.11**
	0.487 ± 0.03
	0.141 ± 0.035* P1-3<0.05
	0.0171 ± 0.0036

	HA-1 hepatoma, 12 days + Ukrain (x5)
	0.291 ± 0.024
	1.15 ± 0.12**
	0.475 ± 0.04
	0.180 ± 0.048
	0.0193 ±0.0028

	Intact animals

	0.348 ± 0.014
	0.66 ± 0.03
	-
	-
	0.0213 ± 0.0019


Number of animals in each group: 8-10. Cathepsin B activity is expressed in liver spleen, and ascetic cells: as nmol MCA/min/mg protein; in ascetic fluid: as nmol MCA/min/g protein; in serum: as nmol MCA/min/ml. Statistical significance: *p<0.05, **p<0.01, ***p<0.001 compared to the intact mice. x1 – single administration of Ukrain, x5 – five administrations of Ukrain. 
Table 2. Cathepsin L activity in the HA-1 hepatoma bearing mice treated with Ukrain. 

	Group


	Liver
	Spleen
	Ascitic cells
	Ascitic fluid
	Serum

	HA-1 hepatoma, 

10 days
	0.078 ± 0.008
	0.105 ± 0.010
	0.077 ± 0.005
	0.031 ± 0.002
	0.295 ± 0.057

	HA-1 hepatoma, 10 days + Ukrain (x1)
	0.071 ± 0.005***
	0.102 ± 0.003***
	0.089 ± 0.003
	0.029 ± 0.002
	0.429 ± 0.049

	HA-1 hepatoma, 

12 days
	0.052 ± 0.007*
	0.086 ± 0.006***
	0.059 ± 0.013
	0.024 ± 0.002
	0.272 ± 0.074

	HA-1 hepatoma, 12 days + Ukrain (x5)
	0.049 ± 0.005**
	0.098 ± 0.013***
	0 065 * 0.003
	0.020±0.002
	0.434 ± 0.051

	Intact animals


	0.101 ± 0.004
	0.047 ± 0.001
	-
	-
	0.386 ± 0.032


Number of animals in each group: 8-10. Cathepsin L activity is expressed: in liver spleen, and ascetic cells as nmol MCA/min/mg protein; in ascetic fluid as nmol MCA/min/g protein; in serum as nmol MCA/min/ml. Statistical significance: *p<0.05, **p<0.01, ***p<0.001 compared to the intact mice. x1 – single administration of Ukrain, x5 – five administrations of Ukrain. 

Table 3. Cathepsin D activity in the HA-1 hepatoma bearing mice treated with Ukrain. 

	Group


	Liver
	Spleen
	Ascitic cells
	Ascitic fluid

	HA-1 hepatoma, 

10 days
	13.4 ± 1.6
	37.7 ± 2.4
	13.5 ± 1.20
	8.3 ± 1.00

	HA-1 hepatoma, 10 days + Ukrain (x1)
	14.5 ± 1.60
	39.1 ± 1.60
	11.5 ± 0.70
	15.9 ± 1.20
p1-2<0.01

	HA-1 hepatoma, 

12 days
	11.8 ± 1.4
	40.6 ± 1.20
	6.5 ± 1.10
p1-3<0.01
	10.6 ± 1.10
p1-3<0.05

	HA-1 hepatoma, 12 days + Ukrain (x5)
	11.8 ± 1.2
	32.2 ± 5.31
	8.2 ± 1.10
p2-4<0.05
	8.2 ± 1.10

	Intact animals


	13.0 ± 2.0
	45.2 ± 10.1
	-
	-


Number of animals in each group: 8-10. Cathepsin D activity is expressed as A366/min/mg protein. 

Table 4. The content of cystatin C and stefin A in the HA-1 hepatoma bearing mice. 
	Parameter
	Cystatin C, nmol/g protein (an extracellular inhibitor)
	Stefin A, nmol/g protein (an intracellular inhibitor)

	Liver

· intact

· HA-1 hepatoma bearing
	0.450 ± 0.01
0.075 ± 0.01*
	0.470 ± 0.046
0.140 ± 0.05*

	Spleen 

· intact

· HA-1 hepatoma bearing
	0.108 ± 0.047
0.105 ± 0.020
	0.569 ± 0.087
0.188 ± 0.051*

	Ascitic cells

	0.038 ± 0.005
	0.170 ± 0.01

	Ascitic fluid1

	0.216 ± 0.002
	-

	Serum1
· intact

· HA-1 hepatoma bearing
	25.0 ± 0.022
8.8 ± 1.20*
	-


Number of animals in each group: 8-9. 1 Concentrations of cystatin C and stefin A in serum and ascetic fluid are expressed as nmol/l. *p<0.05 compared to intact mice.
Table 5. The content of cystatin C in ascitic cells 

	Group
	Ascitic cells

	
	pmol/g tissue
	pmol/g protein

	HA-1 hepatoma, 10 days + normal saline (x1)
	4.46 ± 0.86*
(8)
	35.9 ± 5.3*
(8)

	HA-1 hepatoma, 10 days + Ukrain (x1)
	5.08 ± 0.55*
(9)
	57.2 ± 7.3* (9)
p1-2<0.05

	HA-1 hepatoma, 12 days + normal saline (x5)
	2.04 ± 0.20*
(6)
	33.4 ± 3.7*
(6)

	HA-1 hepatoma, 12 days + Ukrain (x5)
	4.07 ± 0.32* (8)
p3-4<0.001
	52.0 ± 6.9* (8)
p3-4<0.05

	The liver of intact animals


	24.94 ± 1.68

(8)
	450.0 ± 10.6
(8)


*p<0.001 compared to the liver of intact mice. 
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