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tissues
Tomasz Gogiel*, Zofia Galewska and Lech Romanowicz
Department of Medical Biochemistry, Medical Academy of Białystok, Poland

The extracellular matrix components are differentially 
distributed among various structures of the umbilical 
cord. Wharton’s jelly is especially rich in collagens and 
growth factors. Cathepsin B is a major cysteine protease 
involved in collagen degradation, as well as in the ac-
tivation of precursor forms of other collagenolytic en-
zymes and growth factors. We assessed the activity and 
expression of cathepsin B in the umbilical cord arteries, 
veins and Wharton’s jelly. Extracts of separated umbili-
cal cord components were subjected to an activity assay 
with the use of specific fluorogenic substrate. The ex-
pression of cathepsin B protein was qualitatively evalu-
ated by Western immunoblotting and quantitatively de-
termined with an immunoenzymatic method. The total 
cathepsin B activity and content calculated per gram of 
DNA were higher in Wharton’s jelly than in the umbilical 
cord vessels, and the latter parameter was the lowest in 
the umbilical cord arteries. Moreover, the expression and 
the activity of latent cathepsin B (following activation by 
pepsin digestion) calculated per gram of DNA were the 
highest in Wharton’s jelly and the lowest in the umbili-
cal cord arteries. High expression and activity of latent, 
pepsin-activatable cathepsin B related to DNA content in 
Wharton’s jelly seem to reflect the stimulation of its cells 
by high amounts of collagen I and growth factors.
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INTRoDuCTIoN

The intrauterine development of the foetus is strongly 
influenced by the vascular system of the mother and of 
the placenta. The umbilical cord (UC) forms a struc-
ture connecting the foetus with the placenta. It contains 
two arteries and one vein embedded in Wharton’s jelly 
(WJ), which is covered by simple amniotic epithelium 
(Bańkowski, 1999). The umbilical cord arteries (UCAs) 
transport deoxygenated blood and metabolic waste prod-
ucts from the foetus to the placenta, whereas the umbili-
cal cord vein (UCV) delivers oxygen and nutrients to the 
foetus (Kliman, 1998). The extracellular matrix (ECM) in 
the vascular wall provides many macromolecules (colla-
gens, elastin, proteoglycans and structural proteins) nec-
essary for the structural and functional properties of the 
vessel wall (Jacob et al., 2001).

Wharton’s jelly is a jelly-like substance consisting 
of very few cells immersed in abundant ECM compo-
nents, mainly collagen, hyaluronate and several proteo-
glycans containing various sulphated glycosaminoglycan 

chains (Nanaev et al., 1997; Sobolewski et al., 1997; 
Bańkowski, 1999; Gogiel et al., 2003). Additionally, many 
peptide growth factors have been detected in this tis-
sue (Sobolewski et al., 2005; Małkowski et al., 2008). 
The high ECM content has been suggested to provide 
hydration, elasticity and mechanical resistance to com-
pression and extension, sufficient to prevent the occlu-
sion of the UC vessels caused by foetal movements and 
uterine contraction (Takechi et al., 1993; Nanaev et al., 
1997; Sobolewski et al., 2005). The cells of WJ were pre-
viously described as myofibroblasts as they possess ul-
trastructural characteristics of both smooth muscle cells 
and fibroblasts. They may be involved in the regulation 
of umbilical blood flow due to their contractile proper-
ties and contribute to the elasticity of WJ by synthesis-
ing collagen fibres (Takechi et al., 1993; Kobayashi et al., 
1998).

Cathepsin B (EC 3.4.22.1; CATB) is a ubiquitous 
lysosomal cysteine proteinase (Mort & Buttle, 1997). It 
is synthesized as a preproenzyme containing 339 amino 
acids (Chan et al., 1986), converted to an inactive latent 
precursor, glycosylated and processed to an active sin-
gle-chain form. The conversion into an active double-
chain CATB occurs in lysosomes, the final localisation 
of the enzyme (Mort & Buttle, 1997; Cavallo-Medved & 
Sloane, 2003).

Cathepsin B exhibits broad substrate specificity at 
both acidic and neutral pH (Keppler & Sloane, 1996). It 
participates in ECM degradation and remodelling, either 
by direct proteolysis of matrix components or by acti-
vating other proteases (Cavallo-Medved & Sloane, 2003). 
Cathepsin B directly degrades various ECM proteins, 
including different collagen types, fibronectin, laminin, 
aggrecan core protein and elastin (Poręba et al., 2002; 
Baici et al., 2005; Skrzydlewska et al., 2005). The indi-
rect role of cathepsin B involves the extracellular activa-
tion of latent forms of other enzymes of the proteolytic 
cascade mediating ECM degradation, like matrix metal-
loproteinases, urokinase plasminogen activator (Schmitt 
et al., 1997; Skrzydlewska et al., 2005) and cathepsin D. 
Active forms of these enzymes participate in activation 
of other cathepsins and metalloproteinases or directly 
degrade ECM constituents, leading to the release of vari-
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ous growth factors in a form accessible to cell receptors, 
which in turn can influence the cell growth and matrix 
synthesis (Skrzydlewska et al., 2005). Cathepsin B can 
also directly activate growth factors, e.g. the latent form 
of TGF-β1 (Guo et al., 2002; Andl et al., 2010).

The distribution of cathepsin B in the umbilical cord 
has not been studied to date. We hypothesized that the 
peculiarities of WJ, such as the very low content of 
cells, abundance of ECM components (Nanaev et al., 
1997; Sobolewski et al., 2005) and peptide growth fac-
tors (Sobolewski et al., 2005; Małkowski et al., 2008), 
may influence and/ or result from specific metabolism 
of CATB in this tissue. In order to elucidate the role of 
cathepsin B in the metabolism of UC tissues, we decided 
to assess the activity and expression of this enzyme in 
Wharton’s jelly and compare them with those of the UC 
vessels — arteries and vein.

MATERIAls AND METHoDs

The investigation protocol was approved by the Com-
mittee for Ethics and Supervision on Human and Ani-
mal Research of the Medical University of Białystok.

Tissue material. Studies were performed on the um-
bilical cord arteries, umbilical cord veins and Wharton’s 
jelly taken from 10 newborns delivered by healthy moth-
ers aged 20–30. The babies were born between 36 and 
41 weeks of gestation. The mean body weight of the 
newborns was 3 540 ± 453 g. In all cases, sections (20 cm 
long) of the umbilical cords were excised beginning from 
their placental end. UC vessels were carefully separated 
from the surrounding Wharton’s jelly immediately after 
delivery. All the tissues were stored at –70°C.

Preparation of tissue extracts. Fragments of UCAs, 
UCVs and WJ were washed with ice-cold 0.9% NaCl so-
lution, cut into small pieces, blotted, weighed and sus-
pended in a cold extraction phosphate buffer (88 mM 
K2PO4, 12 mM NaHPO4), pH 6.0, containing 4 mM 
EDTA, and 0.5% (w/v) CHAPS, in the ratio of 200 mg 
of fresh tissue per 1 ml of the buffer. They were ho-
mogenized with the use of a knife homogenizer (Ultra 
Turrax; 25 000 rpm, 4 × 15 s, breaks of 15 s, at 0°C). 
The homogenates were incubated on ice (for 10 min), 
vortexed (for 5 min, at 0°C) and centrifuged (18 000 × g, 
for 30 min, at 2°C). The supernatants (tissue extracts) 
were collected, aliquoted and stored at –70°C until fur-
ther analysis was performed.

Cathepsin B activity assay. CATB was determined 
according to the modified method of Barrett & Kirschke 
(1981) adapted to performing the assay in 96-well black 
microtiter plates. The final incubation mixture included 
fluorogenic substrate N-CBZ-l-arginyl-l-arginyl-7-amido-
4-methylcoumarin (Z-Arg-Arg-AMC; Peptide Institute, 
Inc.; 10 μM) in 0.1 M phosphate buffer, pH 6.0, con-
taining 2 mM EDTA and 2 mM dithiothreitol. Fluores-
cence of the released 7-amido-4-methylcoumarin (AMC) 
was followed continuously with a Tecan Infinite® 200 
PRO microplate reader (Tecan Group Ltd.) at the ex-
citation and emission wavelengths of 354 and 442 nm, 
respectively. Initial rates were monitored for less than 
5% total substrate hydrolysis. Duplicate samples addi-
tionally included a specific CATB inhibitor, 5 mM N-
l-3-trans-propylcarbamoyloxirane-2-carbonyl)-l-isoleucyl-
l-proline (CA-074; Bachem). The difference between 
values without and with CA-074 corresponded to CATB 
activity. One unit of enzyme activity (U) was defined as 
the amount of enzyme sufficient to release 1 μmol of 
product (AMC) per minute at 37°C. Latent CATB was 

activated with pepsin as previously described (Koblin-
ski et al., 2002) with the following modifications. Briefly, 
100 µl of UCV, UCA and WJ extracts, 100 μM AMC in 
the extraction buffer (standard), or the extraction buffer 
alone (negative control) were incubated with 25 μl of 
0.2 M sodium formate buffer, pH 3.3, containing 4 mM 
EDTA and 0.9 mg/ml pepsin, for 60 min at 37°C. Du-
plicate samples were incubated on ice in the absence of 
pepsin. The reaction was stopped by the addition of 275 
μl of 0.1 M phosphate buffer, pH 6.7, containing 4 mM 
EDTA. Such activated or non-activated samples were 
then used for CATB activity determination. The activi-
ties determined for samples incubated with pepsin were 
defined as total CATB activities. The values for samples 
incubated in the absence of pepsin corresponded to ac-
tive CATB activities. The differences between total and 
active CATB activities were defined as latent CATB ac-
tivities.

Western blot analysis. Tissue extracts of UCA, UCV 
and WJ were thawed, pooled and mixed with a protease 
inhibitor cocktail (catalogue number P8340; Sigma) in 
a ratio 100:1 (v/v). Then denaturing buffer containing 
SDS (1.5%) and 2-mercaptoethanol (10%; final concen-
trations) was added and the samples were heated at 95°C 
for 5 min. The samples (20 μg of protein) were electro-
phoresed on 10% SDS-polyacrylamide gel according to 
the method of Laemmli (1970), blotted to nitrocellulose 
membranes (Sigma) and blocked with 5% (w/v) non-
fat powdered milk in TBS-T (20 mM Tris/HCl buffer, 
pH 7.4, 150 mM NaCl, 0.05% (v/v) Tween 20) for 1 
hour. They were then incubated with rabbit polyclonal 
antibodies directed against human cathepsin B (catalogue 
number sc-13985; Santa Cruz Biotechnology Inc.; 1:200) 
or glyceraldehyde-3-phosphate dehydrogenase (GAPDH; 
catalogue number G9545; Sigma; 1:10 000) in the block-
ing solution, overnight at 4°C. Bound antibodies were 
detected using alkaline phosphatase-conjugated goat 
anti-rabbit secondary antibody (Sigma) and BCIP/NBT 
reagent (catalogue number B1911; Sigma). Three experi-
ments were carried out for each pooled tissue sample.

Determination of cathepsin B content. A quan-
titative analysis of CATB antigen in tissue extracts was 
performed using an ELISA kit from Biosensis (catalogue 
number BEK-2163-2P).

Determination of DNA in tissue homogenates. 
DNA determination was performed by the fluorimetric 
method of Downs and Wilfinger (1983), with the use of 
bis-benzimidazole Hoechst 33258 dye (catalogue number 
B2883; Sigma) and modifications including performing 
the assay in a 96-well plate. Herring sperm DNA (cata-
logue number 223646; Boehringer Mannheim GmbH) 
was used as a standard.

Protein assay. Protein content in the tissue extracts 
was determined by the method of Bradford (1976).

Statistical analysis. The data with a normal distri-
bution (DNA content, Pro-/Active cathepsin B ratio) 
were tested with repeated measures ANOVAs. Tukey 
HSD post-hoc testing was applied to compare differences 
among results obtained for matched UCA, UCV and 
WJ samples from individual umbilical cords. The other 
data were analysed with Friedman ANOVAs and post-hoc 
analyses by multiple Wilcoxon signed-ranks tests cor-
rected by Bonferroni-Holm method. Data are presented 
as the mean values from 10 assays ± standard deviation 
(S.D.) or as the median values ± 25th and 75th quartiles 
(n=10), for repeated measures and Friedman ANOVAs, 
respectively. A P < 0.05 was considered as statistically 
significant. Statistical analysis was performed using Sta-
tistica 10 program (StatSoft, Inc; Hill & Lewicki, 2007).
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Results

DNA content

Figure 1 presents DNA content in the UC tissue ex-
tracts. Wharton’s jelly contained approximately 4.5 times 
less DNA per gram of tissue in comparison to the 
UCAs and almost 2.5 times less than the UCV (Fig. 1; 
P < 0.001 and P < 0.01, respectively).

Cathepsin B activity

The activities of cathepsin B calculated per one mil-
ligram of DNA contained in the UC tissues are de-
picted in Fig. 2. WJ demonstrated over 4 times higher 
total CATB activity in comparison to the UCAs and 
almost 2.5 times higher than in the UCV (P < 0.05). 
Active and latent CATB forms showed similar distri-
bution of activity within the UC tissues, although in 

the former case no statistically significant differences 
were found (Fig. 2, part 2; all P > 0.05). In contrast to 
that, the latent enzyme activity in WJ was almost 10 
times higher than in the UCAs and over 3 times high-
er than in the case of the UCV, and that of UCV — 
nearly 3 times higher when compared with the UCAs 
(Fig. 2, part 3; all P < 0.05).

latent/active cathepsin B ratio

The differences among the values of latent CATB 
activity of all examined tissues largely influence those 
for the total enzyme; therefore, we decided to assess 
the latent/active CATB ratios. It is apparent from Fig. 
3 that this ratio in the WJ was over 4.5 times high-

Figure 1. DNA content in umbilical cord tissues. 
Fluorimetric assay with the use of bis-benzimidazole Hoechst 
33258 dye reagent was applied. DNA contents are calculated per 
one gram of umbilical cord arteries (UCAs), umbilical cord vein 
(UCV) and Wharton’s jelly (WJ). Mean values ± standard devia-
tions (S.D.) are presented (n = 10). Data are analyzed with repeated 
measures one-way ANOVA (###P < 0.001) and post hoc Tukey HSD 
tests (**P < 0.01; ***P < 0.001).

Figure 2. Activity of cathepsin B in umbilical cord tissues. 
The extracts of umbilical cord arteries (UCAs), umbilical cord vein 
(UCV) and Wharton’s jelly (WJ) were assayed with the use of Z-
Arg-Arg-AMC as a specific substrate. The activities of total (1), ac-
tive (2) and latent (pepsin-activatable; 3) cathepsin B are calculat-
ed per one milligram of DNA contained in umbilical cord tissues. 
Median values ± 25th and 75th quartiles are presented (n=10). 
Data are analyzed with Friedman repeated-measures ANOVA 
(#P < 0.05; ###P < 0.001), post-hoc comparisons made with the Wil-
coxon’s signed-ranks test corrected for multiple comparisons us-
ing the Bonferroni-Holm method (adjusted P-values: *P < 0.05; NS, 
non-significant difference).

Figure 3. latent/active cathepsin B ratio in umbilical cord tis-
sues. 
The activities of cathepsin B in umbilical cord arteries (UCAs), um-
bilical cord vein (UCV) and Wharton’s jelly (WJ) were measured 
with the use of Z-Arg-Arg-AMC as a specific substrate. Mean val-
ues ± standard deviations (S.D.) are presented (n=10). Data are an-
alyzed with repeated measures one-way ANOVA (###P < 0.001) and 
post hoc Tukey HSD tests (**P < 0.01; ***P < 0.001).

Figure 4. Western immunoblot analysis of cathepsin B in pooled 
extracts of umbilical cord tissues. 
Lane 1, umbilical cord artery; Lane 2, umbilical cord vein; Lane 3, 
Wharton’s jelly. The same amount of protein extract (20 μg) was 
run in each lane. Proteins were separated by SDS/PAGE (10%) 
under reducing conditions and immunoblotted with antibodies 
to human cathepsin B (upper panel) and human GAPDH (lower 
panel). Molecular masses of various cathepsin B forms were esti-
mated using pre-stained molecular mass markers (catalogue num-
ber 1610318; Bio-Rad Laboratories) which were pre-calibrated with 
low molecular weight (LMW) calibration kit (catalogue number 
17-0446-01; Pharmacia) by SDS/PAGE. The positions of molecular 
mass standards are indicated on the left. Immunolabelled cathep-
sin B bands are marked on the right: pro-CATB, procathepsin B; 
sc-CATB, single-chain mature cathepsin B; hc-CATB, heavy chain of 
fully processed double-chain cathepsin B. Western blot shown is 
representative of three independent experiments.
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er than in the UCAs and above 2 times higher when 
compared with the UCV (Fig. 3; all P < 0.001).

Expression of cathepsin B protein in the umbilical cord

Western blot analysis of cathepsin B protein ex-
pression in the UC tissue extracts is shown in Fig. 
4. Apart from bands of 42–43/46 kDa, correspond-
ing to procathepsin B (pro-CATB), the bands of two 
mature forms were detected, including those of sin-
gle-chain (sc-CATB; 34/35 kDa) and heavy chain of 
the fully processed double-chain enzyme (hc-CATB; 
26/27kDa), which was or was not glycosylated (Moin 
et al., 1992). As can be seen, the faster-migrating band 
of pro-CATB had a slightly higher apparent molecular 
mass (43 kDa) and was more intensive in WJ extracts 
(Fig. 4, lane 3) in comparison to that of UC vessels 
(42 kDa; Fig. 4, lanes 1–2). The 26/27-kDa bands 
of hc-CATB showed similar distribution of intensity 
among the UC tissues (Fig. 4). In contrast to that, the 
bands of mature sc-CATB form in WJ (lane 3) were 
less prominent than in the UCV (lane 2) and espe-
cially in the UCA (lane 1). The other bands of higher 
molecular mass (51 kDa and 62 kDa) were evenly dis-
tributed among the UC tissues (Fig. 4, lanes 1–3) and 
they probably represent non-specific reaction of the 
antibodies with CATB-unrelated molecules present in 
the umbilical cord.

In spite of the equal amounts of protein run on 
each lane, WJ showed the lowest and the UCAs — the 
highest expression of GAPDH among the UC tissues 
(Fig. 4, lower panel, lanes 1–3). These differences were 
similar to the DNA distribution among these tissues (for 
comparison see Fig. 1)

Cathepsin B content

The contents of cathepsin B protein determined by 
ELISA are presented in Fig. 5. The amount of CATB 
protein in WJ was almost 5 times higher than in the 
UCAs and about 2 times higher than in the UCV, and 
the value for the UCV was almost 2.5 higher when com-
pared with the UCAs (Fig. 5; all P<0.05).

Discussion

It is apparent from our present study that CATB 
content and its total activity, calculated per milligram 
of DNA, were the highest in WJ and the lowest in the 
UCAs. The latter parameter was mainly influenced by 
the activities of the latent, pepsin-activatable enzyme, 
which showed the highest differences among the exam-
ined tissues. These findings were confirmed by Western 
immunoblotting that showed much higher expression of 
pro-CATB in WJ than in the UC vessels. Surprisingly, 
the heavy chain of the mature double-chain form of the 
enzyme demonstrated similar distribution to that of pro-
CATB and also seemed to contribute to the activity of 
the latent enzyme (after activation), especially in Whar-
ton’s jelly. This phenomenon may be explained by pos-
sible interaction with inhibitors, which could co-localise 
with hc-CATB and prevent its excessive action. Thus, 
the activity of the mature enzyme could be largely ob-
scured by such inhibitors and only revealed after their 
degradation by pepsin.

The opposing expression patterns of latent CATB and 
the cellular protein GAPDH in the UC tissues prob-
ably reflect much higher differences in the ability of 
their cells to synthesize and secrete the enzyme than it 
could be concluded from the CATB immunoblot alone. 
We found in this study that the abundance of cells in 
Wharton’s jelly is 4.5 times lower than in UCAs and 2.5 
times lower than in UCVs as assessed by DNA assay 
and calculated per gram of tissue. A similar difference 
between normal Wharton’s jelly and UCAs was reported 
previously (Sobolewski et al., 2005). It is consistent with 
previous findings that WJ contains very low number of 
cells immersed in high amounts of ECM components 
(Sobolewski et al., 1997; Bańkowski, 1999), whereas the 
UCV wall features in lower cell content when compared 
with that of the UCA (Nanaev et al., 1997).

It is apparent from the Western immunoblotting anal-
ysis that pro-CATB extracted from WJ tends to have a 
slightly higher molecular mass (by about 1 kDa) than in 
the case of UCV and UCAs. One may speculate that the 
slightly higher molecular mass of the smaller proenzyme 
form in WJ might result from more intensive glyco-
sylation or less efficient processing/degradation of sac-
charide chains in this tissue. This hypothesis, however, 
awaits confirmation by further studies with the use of 
deglycosylating enzymes. The double 34/35-kDa band of 
single-chain cathepsin B we obtained in this study cor-
responds to the single 33-kDa band detected in various 
human tissues (Hanewinkel et al., 1987; Mach et al., 1992; 
Eiján et al., 2003). In some studies, however, a double 
band was detected (Ryan et al., 1995; Hamer et al., 2009). 
We suggest that the slightly higher molecular mass of 
the single-chain enzyme from the UC may be a conse-
quence of tissue-specific, less extensive deglycosylation/
processing of pro-CATB and/or anomalously low mobil-
ity of sc-CATB in our SDS/PAGE gel system.

The results presented here suggest that the few cells of 
Wharton’s jelly are stimulated to produce larger amounts 
of various forms of cathepsin B, mainly the latent form 
of the enzyme, in comparison to the other tissues of the 
umbilical cord. It is of interest that WJ is proportionally 
richer in latent CATB than the UC vessels. It contrasts 
with the previous findings for the aspartic protease cath-
epsin D that was relatively less abundant in WJ and its 
total activity in this tissue was only similar to that of the 
UCAs. Moreover, whereas the latent cathepsin D activity 
appeared to be the highest in WJ, it constituted a small 
fraction of the total enzyme activity, and only slightly 

Figure 5. Content of cathepsin B protein in umbilical cord tis-
sues. 
The extracts of umbilical cord arteries (UCAs), umbilical cord vein 
(UCV) and Wharton’s jelly (WJ) were assayed by immunoenzymatic 
method (ELISA). The contents of cathepsin B are calculated per 
one milligram of DNA contained in umbilical cord tissues. Median 
values ± 25th and 75th quartiles are presented (n = 10). Data are 
analyzed with Friedman repeated-measures ANOVA (###P < 0.001), 
post-hoc comparisons made with the Wilcoxon’s signed-ranks test 
corrected for multiple comparisons using the Bonferroni-Holm 
method (adjusted P-values: *P < 0.05).
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differed from that of the UC vessels (Galewska et al., 
2005).

Only a small fraction of the latent cathepsin B is se-
creted by default into the extracellular fluid, although the 
liberation of newly synthesized pro-CATB can be in-
creased in response to viral transformation (Achkar et al., 
1990), malignant dedifferentiation (Qian et al., 1989) or 
inflammation (Mort et al., 1984). It is known from recent 
papers (Mitchell et al., 2003; Weiss et al., 2003; Wang et 
al., 2004) that some stromal cells of WJ have proper-
ties of potentially multipotent stem cells. Under suitable 
conditions, they can differentiate into cardiomyocytes or 
into cells of adipogenic, osteogenic (Wang et al., 2004) 
and neural (Mitchell et al., 2003) lineages. Therefore it 
cannot be excluded that, as in the case of tumour cells, 
the low differentiation level of WJ cells is one of the 
reasons of the relatively high expression of latent CATB, 
including the proenzyme, in this tissue. There is also 
some evidence that mesenchymal stem cells, able to dif-
ferentiate into (at least) adipocytes and osteoblasts, are 
also present within the UCV endothelial/subendothelial 
layer (Romanov et al., 2003). Such a phenomenon might 
then explain the intermediate expression of latent CATB 
in this tissue.

Distribution of CATB, especially of its latent form, 
positively correlated with the amount of collagen in the 
UC as it was previously reported that Wharton’s jelly 
contains about 4 times more (Sobolewski et al., 1997) 
and UCV contains 3 times more collagen (Romanow-
icz & Sobolewski, 2000) in comparison with the UCA 
wall. It is of interest that the expression and secretion of 
pro-CATB may be induced by collagen-cell interactions 
(Koblinski et al., 2002). Moreover, cultured hepatic stel-
late cells were reported to secrete substantial amounts of 
apparently double chain form of the enzyme upon trans-
formation into myofibroblasts (Moles et al., 2009). The 
cells of WJ were previously described as myofibroblasts 
(Takechi et al., 1993; Kobayashi et al., 1998), therefore 
one may suppose that their phenotypic properties are 
responsible for preferential accumulation of fully pro-
cessed 26/27-kDa form of mature CATB apart from 
the proenzyme. Additionally, it cannot be excluded that 
UCV cells similarly respond to collagen as they showed 
a higher latent CATB activity than the UCA walls, which 
contain a much lower amount of this protein (Romano-
wicz & Sobolewski, 2000).

There is some evidence that cathepsin B can be in-
volved in direct activation of growth factors, such as 
TGF-β1 (Guo et al., 2002; Andl et al., 2010). There is 
also evidence that in hepatic stellate cells CATB can in-
crease TGF-β1 expression (Moles et al., 2009). On the 
other hand, increased levels of the enzyme have been 
suggested to be caused by changes in TGF-β/BMP sig-
nalling, mainly stimulation with TGF-β1 (Reisenauer et 
al., 2007).

Moreover, some other cytokines, including PDGF, 
were proved to stimulate CATB secretion by cultured 
synovial fibroblasts (Lemaire et al., 1997). It has been 
previously described (Sobolewski et al., 2005; Małkowski 
et al., 2008) that WJ is a reservoir of many peptide 
growth factors, including TGF-β1 and PDGF. The con-
centration of the former (calculated per microgram of 
DNA) is 42-fold higher than in the UCA (Sobolewski et 
al., 2005). It has been suggested that the very sparse WJ 
cells are strongly stimulated by peptide growth factors 
such as TGF-β to produce large amounts of collagen 
and glycosaminoglycans (Sobolewski et al., 2005). One 
cannot exclude that the accumulation of this growth fac-

tor is also responsible for the increased production of 
cathepsin B in Wharton’s jelly.

A variety of pregnancy-associated syndromes, includ-
ing stricture and torsion of the umbilical cord, gesta-
tional diabetes or preeclampsia may result from mor-
phological and biochemical alterations in the umbilical 
cord vessels and in Wharton’s jelly (Bańkowski, 1999). 
One cannot exclude that the abnormal action of various 
proteases, including cathepsin B, may at least partly con-
tribute to the changes in the amount and structure of 
various proteins within the UC tissues, e.g., to collagen 
accumulation in the UCAs in preeclampsia (Bańkowski 
et al., 1994; Bańkowski, 1999). In this paper, we present 
the distribution of cathepsin B in the umbilical cord for 
the first time. Although the results of our study concern 
healthy individuals, they may facilitate future research ex-
plaining several aspects of various prenatal pathologies.
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