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ORIGINAL ARTICLE
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Oral therapy with proteolytic enzymes decreases excessive TGF-f

levels in human blood

Abstract Therapy with oral proteolytic enzymes (OET)
with combination drug products containing papain,
bromelain, trypsin, and chymotrypsin has been shown to
be beneficial in clinical settings such as radiotherapy-
induced fibrosis, bleomycin pneumotoxicity and immu-
nosuppression in cancer, all of which are nowadays
known to be accompanied by excessive transforming
growth factor-f (TGF-p) production. It has been dem-
onstrated that proteolytic enzymes reduce TGF-f levels
in serum by converting the protease inhibitor 2 mac-
roglobulin (z2M) from the “slow” form into the “fast”
form, whereby the ‘““fast” form binds and inactivates
TGF-p irreversibly. In this study we have investigated
the effect of OET on the concentration of TGF-f1 in
serum of patients with rheumatoid arthritis (RA)
(n = 38), osteomyelofibrosis (OMF) (n = 7) and herpes
zoster (HZ) (n = 7). Seventy-eight healthy volunteers
served as controls. TGF-f1 levels in serum were assessed
by enzyme-linked immunosorbent assay (ELISA). We
have demonstrated that in healthy volunteers and in
patients there exists a correlation between active and
latent TGF-f1 in serum (r=0.8021; P <0.0001).
Treatment with OET had no significant effect on TGF-
f1 concentration in healthy volunteers or patients with
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a normal level of TGF-f1. In patients with elevated
TGF-f1 concentration (>50 ng/ml serum), OET
reduced TGF-f$1 in RA (P <0.005), in OMF (P <0.05)
and in HZ (P <0.05). Conclusion: These results support
the concept that OET is beneficial in diseases charac-
terized in part by TGF-f1 overproduction.
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Introduction

The multifunctional cytokine TGF-f which belongs to a
family of polypeptide growth factors has pleiotropic
effects on embryogenesis, cell growth, differentiation,
tissue repair and remodeling [39]. Three distinct iso-
forms of the peptide (TGF p1-3) exist in mammalian
species. TGF-f1 is the prototype of this family [3], and
has the ability to stimulate the activity of its own pro-
moter via AP-1 sites, an activity which leads to a positive
autocrine loop after an initial stimulus [25]. Local
overproduction of TGF-f results in an increase in the
expression of adhesion molecules, in the production of
extra cellular matrix proteins and in the proliferation of
fibroblasts [40, 47, 51]. Thus profibrotic and immuno-
suppressive effects based on overproduction of TGF-f
are involved in several clinical conditions, which are
characterized by prolonged tissue repair or chronic in-
flammatory reactions e.g., fibrosis following irradiation
or bleomycin therapy, and also severe burns [I].
Furthermore, an inhibition of the cytotoxicity of



macrophages, granulocytes and natural killer- and LAK
cells leads to immunosuppression, which is observed
during certain bacterial and viral (HIV, HZ, hepatitis C)
infections, and also in cancer patients [39, 52]. Tumor
cells as well as tumor infiltrating effector cells
(macrophages, T-cells) have been shown to produce high
amounts of TGF-f [8, 58].

Several efforts have been made to develop therapeutic
strategies in order to reduce overproduction of TGF-f
and other growth factors. TGF-f antagonists such as
decorin [20, 23, 55] or soluble TGF-f receptors [17]
successfully inhibit the development of fibrosis and
sclerosis in many different animal models; reviewed by
[5, 33, 35].

The principle of OET was developed by Wolf and
Ransberger [53]. Pharmaceutical preparations which
contain trypsin, chymotrypsin, bromelain and papain
show promising effects in the treatment of diseases which
are obviously associated with TGF-f overproduction.

Evidence exists that OET reduces the extent of
fibrosis after bleomycin treatment in patients with head
and neck cancers [41]. Furthermore OET reduces
symptoms in RA [34, 45] and in several animal models
of collagen Il-induced arthritis [15]. OET reduces side
effects of radiotherapy in humans [31, 46]. In rats OET
reduces development of nephrosclerosis and tubuloin-
testinal fibrosis of Goldblatt hypertension model [43].
Furthermore OET reduces TGF-f overproduction in
glomeruli after streptozotocin-induced diabetes mell-
itus, and also after 5/6 nephrectomy [36, 42]. In mice,
OET reduces the development of fibrosis after bleo-
mycin (S. Tamhankar et al., manuscript in prepara-
tion). In humans, OET reduces blister development in
HZ [26].

In vitro and in vivo polyenzyme preparations and
their constituents stimulate cytotoxic activity in granu-
locytes, monocytes [56] and NK cells [30] in vitro. In
TAMs and in melanoma cell lines polyenzyme prepa-
rations reduce TGF-$1 production in vitro both at
mRNA and protein levels [10, 57]. The polyenzyme
preparations are readily adsorbed via the gastrointesti-
nal tract [4, 6, 27]. In clinical studies with OET only few
side effects have been found [12].

In the present study we demonstrate in patients with
elevated TGF-f1 serum levels such as RA, OMF and
HZ, that this cytokine was reduced after OET. In heal-
thy volunteers OET had only a transient effect on serum
TGF-p1 concentration.

Patients and methods

Subjects

In our studies 29 healthy volunteers, 87 patients with RA, 7 pa-
tients with OMF and 21 patients with HZ were treated with OET.
Patients with OMF and HZ received two tablets t.i.d. of an enzyme
combination drug (WM, Mucos Pharma, Geretsried, Germany)
containing 100 mg papain, 40 mg trypsin and 40 mg chymotrypsin.
Chemotherapy in patients with OMF was hydroxyurea 1-2 g/day
p.o. Patients with RA, and healthy volunteers, received two tablets

S11

t.i.d. of an enzyme combination drug (PE, Mucos Pharma, Ge-
retsried, Germany) containing 90 mg bromelain, 40 mg trypsin and
100 mg rutoside. Serum samples of a cohort of 78 healthy volun-
teers (mean age 42 + 15 years) served as controls for determining
TGF-f1 levels.

Blood sample collection

Blood was taken at the time of diagnosis, and at various time
points during the study period. Ten milliliters of blood were col-
lected between 8 and 10 a.m. from patients during the pre-study
visits (baseline) and after enzyme application. The serum was
separated by centrifugation, and samples were immediately frozen
at =70 °C until use.

TGF-f1 determination
ELISA

For TGF-p1 determination, latent TG-Ff was activated with 1N
HCI. Twenty microliters of serum were diluted in 900 ul PBS/BSA
with 40 pl HCI for 1 h. Following this incubation, acidified samples
were neutralized to pH 7.0-7.5 with 40 ul IN NaOH. To distin-
guish between latent and active TGF-f1 present in the sera, both
acid treated and untreated samples were analyzed. All TGF-f1
concentrations given are the mean values of duplicates, performed
in at least two independent TGF-f1 immunoassays.

A murine monoclonal antibody specific for human TGF-f1
(R&D Systems, MAB 240) was coated onto the 96-well polysty-
rene microtiter plates (Maxisorp, Nunc-Immuno Plate, Nalge
Nunc Int.). One hundred microliters of standards (recombinant
human TGF-f1, R&D Systems, 240-B) in the range of 63—
4,000 pg/ml or serum samples were added to test wells. Plates
were incubated for 2 h at room temperature, and than washed
with phosphate buffer. One hundred microliters of the biotiny-
lated detection antibody (chicken) specific for TGF-f1 (R&D
Systems, BAF240) were added to each well, and plates were in-
cubated over night at 4 °C. After three washes each well was
incubated with 100 pl of strepatavidin HRP (Zymed Lab., San
Francisco) for 20 min at room temperature, and after three
washes 100 pl of substrate solution (R&D Systems, DY999) were
added to each well, incubated for 10-15 min at room tempera-
ture, and then stopped with 50 pul of 5N H,SO,4. The optical
density was determined within 30 min, using a microplate reader
(Anthos htIl) set to 450 nm with wavelength correction set at
540 nm. Color development was proportional to the amount of
TGF-f1 bound to the capture antibody.

Statistical analysis
Data are expressed as mean + SD. For statistical evaluation,

a Kruskal-Wallis test with Dunn’s multiple comparison and a
Wilcoxon matched pairs test were used.

Results

Correlation between active and latent TGF-f1 in human
serum: The conversion of “slow” form «2M into the
“fast” form by OET and the subsequent clearing of
TGF-f may alter the balance between latent and active
TGF-p in enzyme-treated subjects. In such case it would
be inappropriate to simply analyze the total TGF-f se-
rum levels for comparison against untreated subjects.
We therefore analyzed the correlation between active
and latent TGF-f1 in human serum in patients before
and after therapy with proteolytic enzymes, and in
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healthy subjects by determining the concentration of
total TGF-f1 (latent +active) after acidification proce-
dure as well as the active form of TGF-f1. Figure 1
displays the correlation found between active and latent
TGF-p1, which was found to be r = 0.8021; P <0.0001.

TGF-p1 concentration in serum of healthy volunteers
and of patients before enzyme therapy: We determined
serum concentrations of TGF-f1 in 78 healthy volun-

r=0,8033 p<0,0001
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Fig. 1 Correlation between the concentration of latent TGF-f1
(total —active) and the active form of TGF-f1
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Fig. 2 Concentration of TGF-f1 in serum of healthy controls, in
serum of patients with HZ, with RA and in serum of patients with
OMF. TGF-p1 by ELISA in duplicates, results as ng TGF-f1/ml

serum

teers, in patients with HZ (n = 33), with RA (n = 87)
and with OMF (n=7) before OET. Mean TGF-p1
concentrations in patients with RA (P <0.001) and with
OMF (P <0.01) were found to be significantly elevated
in comparison with controls (Fig. 2).

TGF-p1 concentration in serum of healthy volunteers
after enzyme treatment: In healthy volunteers
(TGF-p1 <50 ng/ml serum), TGFf1 concentration was
determined 4 h, 6 h and 24 h after PE administra-
tion (1 x 10 tablets). After 4 h and after 6 h, the
concentration of TGF-f1 was significantly lower than at
start; 24 h later no change to baseline was observed
(Table 1).

TGF-p1 concentration in serum after enzyme therapy
for a period of 28 days in volunteers with normal TGF-
p1 level: Nine volunteers received PE (3 X 4 tablets per
day) over a period of 4 weeks. Before and weekly during
this treatment, blood was collected and prepared as
described in Patients and methods. TGF-f1 level was
unchanged during time of investigation (Table 2).

RA: The TGF-f1 concentration in 87 patients with
RA before therapy was determined. TGF-f1 was sig-
nificantly (P<0.001) higher than in controls (Fig. 1).
Thirty-eight patients of this group were treated by PE
(3 x 2 tablets daily for 3 months). We examined TG-
Ff1 concentration in serum before and after 3 months
(Fig. 2). Patients (n = 23) with high TGF-$1 concen-
tration at start (>50 ng/ml serum) were distinguished
from patients (n = 15) with low TGF-f1 concentration
(<50 ng/ml serum). In patients >50 ng TGF-f1/ml
serum, after treatment with PE TG-f1 concentrations
decreased from 80.11 + 24.49 ng/ml serum to
67.84 £ 24.81 ng/ml serum (P <0.005). No changes of
TGF-p1 concentration were observed in the group with
<50 ng TGF-f1/ml serum (baseline: 39.03 + 6.6; end:
41.48 + 8.5, Fig. 3).

OMF: The serum concentrations of TGF-f1 in all
patients (n = 7) with OMF was significantly elevated
(P<0.001). Additionally to chemotherapy they received
WM for 1 year (n = 6) and/or 2 years (n = 3). The dif-
ference in TGF-f1 concentrations before and during
treatment was significant (P <0.05), (Fig. 4).

Table 1 TGF-f1 concentration

(ng/ml) in serum of healthy Start 4h 6h 24h
volunteers after enzyme TGF-pI 4.5 £ 52 35.92 £ 9.7 3826 + 4.8 43.87 + 3.2
administration (n = 6) (ng/ml serum)
(mean = SD)
P value P<0.01 P<0.01 n.s.
(Wilcoxon matched
pairs test)
Table 2 Serum concentration _ ) ) )
of TGF-B1 in healthy n=9 Day 0 Day 15 Day 21 Day 28
volunteers during PE TGF-f1 (ng/ml serum) 2729 £ 1124 324 = 152 2875 + 123 268 + 12.8
treatment over 28 days (mean + SD)
P value (Wilcoxon matched n.s. n.s. n.s.

pairs test)




Rheumatoid Arthritis: TGF-B 1 before and after OET in
patients with high or low TGF-i 1 concentration at start
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Fig. 3 Serum TGF-fi1 concentration in patients with RA with
elevated level (> 50 ng TGF-f1/ml serum; n = 23) and with normal
level (<50 ng/ml serum; n = 15) at baseline. Patients received PE
daily for 3 months, 2 x 3 tablets per day. Results are expressed as

mean + SD. Significance was determined by Wilcoxon matched-
pairs test
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Fig. 4 Serum TGF-f1 concentration in patients with OMF.
Patients received WM (2 x 2 tablets) daily for 1 or 2 years. Results
are expressed as mean + SD. Kruskal-Wallis test, Dunn’s multiple
comparison test

Table 3 TGF-f1 concentration in serum of patients with HZ be-
fore and after 2 weeks treatment with WM. Sera with high TGF-f1
(> 50 ng/ml serum) and normal (<50 ng/ml) levels of TGF-f1 at
start were separated into two groups

TGE-f1 Numbers  Start After

(ng/ml serum) 2 weeks WM

<50 ng 14 3724 £ 79 39.46 + 10
n.s.?

>50 ng 7 55.50 + 6.2 47.54 £ 5.7
P<0.05"

#Wilcoxon matched pairs test

HZ: A group of 21 patients with HZ were treated
with WM. Before and 2 weeks after treatment, levels of
TG-Fp1 were determined. Sera with high and with
normal levels of TGF-$1 at start were identified for
presentation in Table 3.
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Discussion

Oral therapy with proteolytic enzymes has been used
since 1954, but the mode of action is not yet entirely
clarified. This therapy has been proven to be beneficial in
clinical situations in which TGF-f1 overproduction has
been described. These are fibrosis induced by irradiation
or by bleomycin treatment, glomerulosclerosis and
immunosuppression in cancer or chronic inflammations
[24, 29, 54].

Studies [22] have demonstrated that protease inhibi-
tors, and especially a2M, interfere with the TGF-f1
dependent immunosuppression. Harthun et al. [21] de-
scribed a reduction of TGF-f1 activity in supernatant of
TGF-p1 producing cell lines through the induction of
the “fast” form of «2M. TGF-f1 binds to the activated
form of «2M. A subsequent phagocytosis by cells ex-
pressing the a2M receptors (LRP) eliminates the com-
plex of activated «2M + TGF-f1 [28]. Activated a2M
can function as a selective neutralizer for cytokines, and
thereby promotes the activation of NK, LAK and tu-
mor-specific CTL responses [21]. In this present study,
we determined the TGF-f1 concentration in the serum
of healthy volunteers and of patients with a variety of
diseases with presumable TGF-f1 overproduction.

In RA local TGFf1 overproduction by synovial cells
as well as elevated TGF-f1 serum concentration in later
stages has been observed [14, 16]. TGF-f1 induces the
expression of the proinflammatory cytokine IL-6 [13,
49], and seems also to be a key factor in progression and
in immunosuppression in RA patients [18]. Reduction of
elevated TGF-f1 concentration after enzyme therapy
was associated with the beneficial clinical effect of this
therapy [34].

In OMF, which is a result of chronic myeloprolifer-
ative disorders, high TGF-f1 concentrations are corre-
lated with disease progression [32, 38]. The observed
significant reduction of TGF-f1 in these patients could
explain the observed prolongation of the stable phase
after enzyme therapy (D. Holomanova, manuscript in
preparation).

Our results show for the first time that OET decreases
significantly TGF-f1 levels in serum of patients with
elevated TGF-f1 concentrations (> 50 ng/ml serum) at
start of treatment.

Our findings are in agreement with investigations by
Sebekova [42], who described that OET reduces TGF-
plat mRNA and protein levels in rat glomeruli, as
demonstrated in streptozotocin-induced diabetes mell-
itus and after 5/6 nephrectomy.

In in vitro experiments, we have demonstrated that
the enzyme preparations, and also their constituents,
reduce TGF-f1 production at mRNA and protein levels
in TAMs and in melanoma cell lines [18, 57] .

There have been several attempts to suppress TGF-f1
overproduction, such as interferon-alpha [7, 11] or TGF-
p antibodies. These applied drugs can suppress experi-
mentally induced glomerulonephritis [50] and reduce
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scar formation during wound healing in rats [44]. Solu-
ble TGF-f-receptors (TGF-§ RII) administration by
intra-tracheal injection reduces bleomycin-induced lung
fibrosis in mice [51].

The blockade of TGF-f signaling by adenovirus-
mediated dominant-negative type II TGF-p receptor in
the rat liver prevents liver dysfunction in dimethyl-
nitrosamine-induced liver fibrosis [37].

Fetuin, as a TGF-f Type II receptor mimic, anta-
gonizes TGF-f activity [9].

Decorin, a natural inhibitor for TGF-f, provides its
activity by interfering with TGF-f1 binding to its cell
receptor [20, 23].

The role of o2M in reducing TGF-f has been exam-
ined by Tiggelman et al. [48]. These investigators reduced
TGF-p-stimulated collagen synthesis in liver myofibro-
blasts by introducing the “fast” form of «2M. Activated
o2M neutralizes TGF-f, produced by breast-cancer cells,
and thereby promotes the activation of NK, LAK and
tumor-specific T-cell response [21] by interleukin-2. Re-
duction of TGF-f overproduction reduces TGF-f syn-
thesis [47]. It has been described by Hall et al. [19] that
proteases react with «2M in blood, and convert the
“slow” form into the ‘““fast” form. After this reaction,
o2M can recognize the receptor LRP on hepatocytes,
endothelial cells, fibroblasts etc. which is responsible for
the rapid plasma clearance of transformed «2M, whereas
the “slow” form of «2M shows no affinity for LRP [2].
o2M in the “fast” form («2M + enzymes) binds TGF-f.
TGF-p bound to the “fast” form of «2M cannot bind to
its cell receptor and this complex is phagocytized very
quickly.

We hypothesize that this mechanism contributes to
the effects of OET.

Acknowledgements We want to thank Karl Ransberger (Mucos
Pharma, Geretsried) for his support and guidance throughout this
study.

References

1. Bienkowski RS, Gotkin MG (1995) Control of collagen de-
position in mammalian lung. Proc Soc Exp Biol Med 209:
118

2. Birkenmeier G, Heidrich K, Glaser C, Handschug K, Fabricius
EM, Frank R, Reissig D (1998) Different expression of the
alpha2-macroglobulin receptor/low-density lipoprotein recep-
tor-related protein in human keratinocytes and fibroblasts.
Arch Dermatol Res 290: 561

3. Blanchette F, Day R, Dong W, Laprises MH, Dubois CM
(1997) TGF-betal regulates gene expression of its own con-
verting enzyme furin. J Clin Invest 99: 1974

4. Bock U, Kolac C, Borchard G, Koch K, Fuchs R, Streichhan
P, Lehr CM (1998) Transport of proteolytic enzymes across
Caco-2 cell monolayers. Pharm Res 15: 1393

5. Border WA, Yamamoto T, Noble NA (1996) Transforming
growth factor beta in diabetic nephropathy. Diabetes Metab
Rev 12: 309

6. Castell JV, Friedrich G, Kuhn CS, Poppe GE (1997) Intesti-
nal absorption of undegraded proteins in men: presence of
bromelain in plasma after oral intake. Am J Physiol 273:
G139

10.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

. Castilla A, Prieto J, Fausto N (1991) Transforming growth

factors beta 1 and alpha in chronic liver disease. Effects of
interferon alpha therapy. (Comments) N Engl J Med 324:
933

. Chang HL, Gillett N, Figari I, Lopez AR, Palladino MA,

Derynck R (1993) Increased transforming growth factor beta
expression inhibits cell proliferation in vitro, yet increases
tumorigenicity and tumor growth of Meth A sarcoma cells.
Cancer Res 53: 4391

. Demetriou M, Binkert C, Sukhu B, Tenenbaum HC, Dennis

JW (1996) Fetuin/alpha2-HS glycoprotein is a transforming
growth factor-beta type II receptor mimic and cytokine an-
tagonist. J Biol Chem 271: 12755

Desser L, Herbacek 1, Zavadova E, Mohr T (1999) Conversion
of &2 macroglobulin to the fast-form by Wobenzym interrupts
the autocrine loop of TGFf production in melanoma cells.
Proc Am Assoc Cancer Res 40: 525

. Dhanani S, Huang M, Wang J, Dubinett SM (1994) Interferon-

alpha inhibits murine macrophage transforming growth factor-
beta mRNA expression. Inflammation 18: 301

. Dittmar FW, Weissenbacher ER (1992) Therapy of adnexitis —

enhancement of the basic antibiotic therapy with hydrolytic
enzymes. Int J Exp Clin Chemother 5: 73

. Eickelberg O, Pansky A, Mussmann R, Bihl M, Tamm M,

Hildebrand P, Perruchoud AP, Roth M (1999) Transforming
growth factor-betal induces interleukin-6 expression via acti-
vating protein-1 consisting of JunD homodimers in primary
human lung fibroblasts. J Biol Chem 274: 12933
Eksioglu-Demiralp E, Direskeneli H, Akoglu T (1999) Levels
of serum transforming growth factor-beta 1 do not increase in
Behcet’s disease, in contrast to rheumatoid arthritis. J Rheu-
matol 26: 1010

Emancipator SN, Nagy NU, Chintalacharuvu SR, Petersilge
C, Stauder G (1997) Effects of oral enzymes in collagen II
induced arthritis in mice. Int J Tissue React 19: 88

Feldmann M, Brennan FM, Maini RN (1996) Role of cyto-
kines in rheumatoid arthritis. Annu Rev Immunol 14: 397
Glansbeek HL, van Beuningen HM, Vitters EL, van der Kraan
PM, van den Berg WB (1998) Stimulation of articular cartilage
repair in established arthritis by local administration of trans-
forming growth factor-beta into murine knee joints. Lab Invest
78: 133

Gresham HD, Ray CJ, O’Sullivan FX (1991) Defective neu-
trophil function in the autoimmune mouse strain MRL/Ipr.
Potential role of transforming growth factor-beta. J Immunol
146: 3911

. Hall SW, LaMarre J, Marshall LB, Hayes MA, Gonias

SL (1992) Binding of transforming growth factor-f1 to
methylamine-modified «2-macroglobulin and to binary and
ternary o2-macroglobulin-proteinase complexes. Biochem
J 281: 569

Harper JR, Spiro RC, Gaarde WA, Tamura RN, Piersch-
bacher MD, Noble NA, Stecker KK, Border WA (1994) Role
of transforming growth factor beta and decorin in controlling
fibrosis. Methods Enzymol 245: 241

Harthun NL, Weaver AM, Brinckerhoff LH, Deacon DH,
Gonias SL, Slingluff CL (1998) Activated alpha(2)-macro-
globulin reverses the immunosuppressive activity in human
breast cancer cell-conditioned medium by selectively neutral-
izing transforming growth factor-beta in the presence of
interleukin-2. J Immunother 21: 85

Huber D, Philipp J, Fontana A (1992) Protease inhibitors in-
terfere with the transforming growth factor-beta-dependent but
not the transforming growth factor-beta-independent pathway
of tumor cell-mediated immunosuppression. J Immunol 148:
277

Isaka Y, Brees DK, Ikegaya K, Kaneda Y, Imai E, Noble NA,
Border WA (1996) Gene therapy by skeletal muscle expression
of decorin prevents fibrotic disease in rat kidney. Nat Med 2:
418

Jager H (1990) Hydrolytic enzymes in the treatment of HIV
infections. Allgemeinmedizin 19: 160



25.

26.

217.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kim SJ, Angel P, Lafyatis R, Hattori K, Kim KY, Sporn MB,
Karin M, Roberts AB (1990) Autoinduction of transforming
growth factor beta 1 is mediated by the AP-1 complex. Mol
Cell Biol 10: 1492

Kleine MW (1993) Vergleich zwischen einem hydrolytischen
Enzymkombinationspriparat und Aciclovir in der oralen
Behandlung des akuten Zoster: eine doppelblinde, kontrolli-
erte multizentrische Studie. J Eur Acad Dermatol Venerol
296

Kolac C, Streichhan P, Lehr CM (1996) Oral bioavailability of
proteolytic enzymes. Eur J Pharm Biopharm 42: 222
Kratzsch J, Selisko T, Birkenmeier G (1996) Transformed
alpha 2-macroglobulin as a low-affinity growth hormone-
binding protein. Acta Paediatr Suppl 417: 108

Lehmann PV (1996) Immunomodulation by proteolytic
enzymes. (Editorial) Nephrol Dial Transplant 11: 952
Leskovar P, Zanon R, Nachbar F, Meschik M (1993)
Zirkulierende Immunkomplexe: Immunsuppressive Wirkung
auf Monozyten und NK-Zellen und deren partielle Aufhe-
bung durch hydrolytische Enzyme. Dtsch Zschr Onkol 25:
12

Lukas J, Betka J, Klozar J, Taudy M, Honzikova M (1999)
Systemic enzyme therapy in prevention of postirradiation
complications. Otorinolaryngologie-A-Foniatrie 48: 14
Martyre MC (1995) TGF-beta and megakaryocytes in the
pathogenesis of myelofibrosis in myeloproliferative disorders.
Leuk Lymphoma 20: 39

Mavier P, Mallat A (1995) Perspectives in the treatment of liver
fibrosis. J Hepatol 22: 111

Mazourov VI, Lila AM, Shemerovskaia TG, Raimuiev RT,
Pristavskiy IN (1997) Beneficial effects of concomitant oral
enzymes in the treatment of rheumatoid arthritis. Int J Tissue
React 19: 91

McAnulty RJ, Laurent GJ (1995) Pathogenesis of lung
fibrosis and potential new therapeutic strategies. Exp Nephrol
3: 96

Paczek L, Gaciong Z, Bartlomiejczyk I, Czyzyk A, Heidland A
(1997) Beneficial effect of proteases on TGF-beta production in
glomeruli from streptozotocin induced diabetes mellitus in rats.
Int J Tissue React 19: 93

Qi Z, Atsuchi N, Ooshima A, Takeshita A, Ueno H (1999)
Blockade of type beta transforming growth factor signaling
prevents liver fibrosis and dysfunction in the rat. Proc Natl
Acad Sci USA 96: 2345

Rameshwar P, Chang VT, Gascon P (1996) Implication of
CD44 in adhesion-mediated overproduction of TGF-beta and
IL-1 in monocytes from patients with bone marrow fibrosis. Br
J Haematol 93: 22

Roberts AB, Sporn MB (1993) Physiological actions and clin-
ical applications of transforming growth factor-beta (TGF-
beta). Growth Factors 8: 1

Ruoslahti E, Yamaguchi Y, Hildebrand A, Border WA (1992)
Extracellular matrix/growth factor interactions. Cold Spring
Harb Symp Quant Biol 57: 309

Schedler M, Lind A, Schatzle W, Stauder G (1990) Adjuvant
therapy with hydrolytic enzymes in oncology: a hopeful effort
to avoid bleomycin induced pneumotoxicity? J Cancer Res Clin
Oncol 116: 697

Sebekova K, Paczek L, Ddmmrich J, Ling H, Schenk O, Ga-
ciong Z, Spustova V, Heidland A (1997) Amelioration of the
development of chronic renal failure by systemic enzyme

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

S8.

S15

treatment in the rat model 5/6 nephrectomy. Int J Tissue React
19: 97

Sebekova K, Dammrich J, Fierlbeck W, Krivosikova Z, Paczek
L, Heidland A (1998) Effect of chronic therapy with proteolytic
enzymes on hypertension- induced renal injury in the rat model
of Goldblatt hypertension. Am J Nephrol 18: 570

Shah M, Foreman DM, Ferguson MW (1992) Control of
scarring in adult wounds by neutralising antibody to trans-
forming growth factor beta. Lancet 339: 213

Singer F, Oberleitner H (1996) Ein Beitrag zur medikamento-
sen Therapie der aktivierten Arthrose. Zur Effektivitat eines
Enzymgemisches versus Diclofenac (Drug therapy of activated
arthrosis. On the effectiveness of an enzyme mixture versus
diclofenac). Wien Med Wochenschr 146: 55

Stauder G, Beaufort F, Streichhan P (1991) Strahlenthera-
peutische Nebenwirkungen bei Abdominalkrebspatienten und
deren Reduktion durch hydrolytische Enzympriparate. Dtsch
Zschr Onkol 23: 7

Taipale J, Saharinen J, Hedman K, Keski OJ (1996) Latent
transforming growth factor-beta 1 and its binding protein are
components of extracellular matrix microfibrils. J Histochem
Cytochem 44: 875

Tiggelman AM, Linthorst C, Boers W, Brand HS, Chamuleau
RA (1997) Transforming growth factor-beta-induced collagen
synthesis by human liver myofibroblasts is inhibited by alpha2-
macroglobulin. J Hepatol 26: 1220

Turner M, Chantry D, Feldmann M (1990) Transforming
growth factor beta induces the production of interleukin 6 by
human peripheral blood mononuclear cells. Cytokine 2: 211
Wahl SM (1992) Transforming growth factor beta (TGF-beta)
in inflammation: a cause and a cure. J Clin Immunol 12: 61
Wang QJ, Wang YJ, Hyde DM, Gotwals PJ, Koteliansky VE,
Ryan ST, Giri SN (1999) Reduction of bleomycin induced lung
fibrosis by transforming growth factor beta soluble receptor in
hamsters. Thorax 54: 805

Wojtowicz-Praga S (1997) Reversal of tumor-induced immu-
nosuppression: a new approach to cancer therapy. (Comments)
J Immunother 20: 165

Wolf M, Ransberger K (1968) Wirkung proteolytischer
Enzyme auf die gegenseitige Wachstumsbeeinflussung von
normalen und Tumorgeweben (Effect of proteolytic enzymes
on the reciprocal growth modification of normal and tumor
tissues). Arch Geschwulstforsch 31: 317

Wrba H (1995) Kombinierte Tumortherapie. Grundlagen,
Moglichkeiten und Grenzen adjuvanter Methoden, 2 edn.
Hippokrates Verlag, Stuttgart

Yamaguchi Y, Mann DM, Ruoslahti E (1990) Negative regu-
lation of transforming growth factor-beta by the proteoglycan
decorin. Nature 346: 281

Zavadova E, Desser L, Mohr T (1995) Stimulation of reactive
oxygen species production and cytotoxicity in human neu-
trophils in vitro and after oral administration of a polyenzyme
preparation. Cancer Biother 10: 147

Zavadova E, Desser L, Pedram E, Hauptmann E, Miksche M
(1996) Activation of malignant effusion-derived macrophages
by cytokines and a polyenzyme preparation. Eur J Inf Immu-
nol Dis 1: 45

Zavadova E, Loercher A, Verstovsek S, Verschraegen CF,
Micksche M, Freedman RS (1999) The role of macrophages in
antitumor defense of patients with ovarian cancer. Hematol
Oncol Clin North Am 13: 135



