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[ABSTRACT] Although many fibrinolytic agents have been developed and used for clinical purposes, thromboembolic
diseases remain the leading cause of adult morbidity and mortality in the world. Developing effective agents for clinical
application from various unusual animal species has received more attention in recent years. A group of fibrinolytic en-
zymes named earthworm fibrinolytic enzyme (EFE) and secreted by the alimentary tract of earthworm, have exhibited
excellent potential in the clinical treatment of blood clotting diseases. It is therefore useful to build up some correlations
with the data available in order to better explore the molecular and cellular mechanism of EFE action in the treatment of
diseases. The aspects discussed include: the purification, characterization, gene cloning and expression, structure and
function as well as clinical application of the EFEs. This review focuses on recent advances in molecular and cellular
mechanisms of EFE action and the structure activity relationship.
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1 Introduction

Thrombolytic drugs used for clinical applications are
categorized into two types: the plasminogen activators, such
as tissue-type plasminogen activator (t-PAY", urokinase!?,
streptokinase™, APSAC (anisoylated plasminogen strepto-
kinase activator complex)™* etc, which convert plasminogen
into active plasmin to degrade fibrin; and plasmin-like pro-
teins, including alﬁmeprase[s], microplasmin, TAL6003 etc,
which directly act on fibrinogen or fibrin to degrade blood
clots. Most of them suffer significant shortcomings includ-
ing large therapeutic doses, limited efficacy, short half-life
and bleeding complications. Earthworm has been used as a
fibrinolytic agent for over one thousand years in China,
Korea and Japan. Earthworm fibrinolytic enzymes (EFE)
are a group of serine proteases with strong fibrinolytic and
thrombolytic activity with molecular masses of 23-30 kDa.
To date, EFE has been confirmed with excellent potential in
the clinical treatment of blood clotting diseases, especially
in stroke!®. The capsules of the extracts of EFEs, commer-
cially referred to as Panford or Boluoke, have been widely
used in some Southeast-Asian countries, as well as in North

[Received on] 08-Jan-2010

[Research Funding] This project was supported by the National
High Technology Research and Development Program (“863”
Program) of China (No. 2008 AA02Z135).

[*Corresponding author] XU Rui-An: Prof,, Tel: 86-595-
22691632, Fax: 86-595-22690952, E-mail: ruianxu@hqu.edu.cn

TaRKED 20107 H8HE 4

American countries such as Canada and the United States.
Because of their pharmacological properties, EFEs have
attracted increasing research interest in recent years. How-
ever, the details of the relationship between the structure
and activity of EFEs remain obscure.

2 Origin of EFEs

Lumbricus rubullus and Lumbricus bimastus, are the
important resources for fibrinolytic agents in South-
east-Asian countries, such as Japan, Korea and China and
so on. Wu et al, in 1986, firstly isolated a set of lum-
brokinase components from Eisenia fetida, with activating
plasminogen and degrading fibrin properties. In a recent
inventory of EFEs, many direct acting fibrin(ogen)olytic
enzymes were described, some also with strong
anti-oxidative and anti-bacterial activities!”.. Inspection of
the distribution of the fibrinolytic enzymes in the earth-
worm would contribute to a better understanding of these
isozyme functions. Zhao et al. have detected that EfP-I1 and
EfP-III-1 are localized in the epithelial cells of the alimen-
tary canal around the clitellum of E. fetida., and suggested
that the relatively broad substrate specificity of EfP-II and
EfP-III-1 is needed for earthworm to digest different mi-
cro-organisms and proteins™.

Conventional methods for the isolation and
purification of EFEs used by most researchers include cen-
trifugation, filtration, ammonium sulphate precipitation and
dialysis, ion exchange chromatography and affinity chro-
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matography. Such a complicated clarification sequence
makes the process scale-up difficult. Aqueous-two phase
systems (ATPS) is a simple and easy-to-scale-up method,
which allows process integration on account of the simul-
taneous separation and concentration of the target protein in
a clear extract being achieved. The low cost and easy
scale-up allow its potential use in large-scale downstream
processing of proteins!’. To date seven fibrinolytic enzymes
( EFE-a to EFE-g) have been purified from the earthworm
Eisenia fetida[lo], and eight glycosylated fibrinolytic prote-
ases (EfP-0-1 to EfP-III-2 ) have been isolated from the
earthworm FEisenia fetida, among the eight purified tryp-
sin-like glycoproteases, EfP-0-2 and EfP-II-2 are newly
isolated isozymes. All the eight proteases are glycoproteins
with different carbohydrate contents. It is also confirmed
that oligosaccharides are composed of mannose residues by
Dot-blotting assay with ConA!'!l. Six lumbrokinase frac-
tions (F-1-0 to F-III-2) with fibrinolytic activities are puri-

fied from earthworm Lumbricus rubellus lysates using the
procedures of autolysis, ammonium sulfate fractionation
and column chromatography. Lumbrokinases F-III-1 and
F-III-2 are of the highest activity among the six isozymes!'?].
In 1999, Sun et al. isolated a lumbrokinase (PI1239) from
Lumbricus bimastus with obvious fibrinolytic activity on
fibrin platem]. The PI239 protein has the same active and
substrate sites as those of t-PA and u-PA. The details of the
biological and physiological properties of these enzymes
are summarized in Table 1.

3 Identity of EFEs Protein

Although the enzymes are extracted from different
species of earthworms, they may have different names. For
instance, F-II alias EFEa, and EfP-III-1 alias EFE-b, one
enzyme shows high homology to the other; isozyme A
shows 36% identity with isozyme C, and both have

Table 1 The biological and physiological properties of different EFEs

Source Nomination Activity Types of proteases  pH, temperature stability or inhibitor References
Relative activity (%): 6.2, 12.8,
o EO-lto 238 316, 8.8 2.1, 125, 2.3 trypsin-like . EfP-11 and EfP-111-1 were
Eisenia fetida EfP-IT1-2 (the activity of mixture as 100). fibrinolytic enzymes in stronaly inhibited by SBTI [11]
EfP-0-2 and EfP-II-2 were glycosylated form. gy Y '
newly isolated.
Lumbrokinase ﬁbr}n_olytlc and thrombolytic 1o date proteins with isoelectric point [14]
activity in the range 4.6-7.4.
EFE-b, EFE-c and EFE-g had EFE-b, EFE-c  and
relatively  higher fibrinolytic EFE-g represent tryp-
activity. EFE-d and EFE-e had sin-like enzymes,
) _ average fibrinolytic activity, and EFE-d, EFE-e and EFE-f _ .
EFE-a to EFE-f EFE-a and EFE-f had relatively represent chymotryp- acid enzymes [15]
lower activity. EFE-a has plas- sin-like enzymes. EFE-a
minogen-activating activity and unknown.
fibrinolytic activity.
HziIS:S: If)o— All with the esterase activity, but
mogenate only fraction PI displayed ami- They belong into the PMSF at the concentration of 10-4 [16]
( G-90g) of Fis- dase activity. and the majority of tyrosine family. M inhibited PI (BAEE as substrate).
enia foetida ). activity was represented by P L.
ARSPI a plasn.nn and also a plasmino- Glyc.oprotem or glyco- inhibited by PMSF. [17]
gen activator. peptide.
The enzymes were stable at below
They can acted on elastin, fibrin trypsm—h.ke serine  pro- 60 .C over a gange of pH.2711 s m(:st
. teases with single poly- active at 55°C, on heating at 80°C
and actual fibrin clots of whole . . . ..
Isozymes A to bl . s peptide chains and are for 30min, the activity completely
18] ood in a rat’s vena cava. They . . . -
F* (formerly al talvzed the hvdrolvsis of MOt glycoproteins. disappeared they retain full activity
. named F-I1[-2, &30 c@talyzed the Aydrotysis o isozymes A, B, D, E, and for long years at room temperature
Lumbricus > various esters. Especially A and g . g ¥ mp )
F-III-1, F-1I, . F represent both tryp- high stability toward organic solvents  [12]
rubellus B have much higher strong . >
F-1-2, F-1-1, . . . .° sin-and chymotryp- and detergents , The activity of
caseinolytic and fibrinolytic ~. . R ; L7
F-I-0, respec- P h lasmi h sin-like activities, but isozymes A, B, and C was inhibited
tively) activities than  plasmin. - The isozyme C also strongly by soybean trypsin inhibitor
’ enzymes had also strong ami- 1 lik 81y DY soy vp J
dolytic activity. serves a[?g?n elastase-like and aprotinin, but the enzyme activity
enzyme' . of D, E, and F was partially inhibited
by these inhibitors.
The rank activity orders of All of them are serine F1-F4 were completely inhibited by
proteolytic activities and fibri- protease, F5 and F6 are PMSF. F5 and F6 were completely
F1 to F6 nolytic activities are F2 > F1 > trypsin-like serine pro- inhibited by aprotinin, TLCK, [20]

F5 > F6> F3 > F4
F6>F2>F5>F3>F1>F4
rately.

and tease. iso-enzymes. F1 is TPCK, SBTI LBTI, and leupeptin.
sepa- chymotrypsin-like
tease.

pro- the six iso-enzymes were stable at
pH 4-12.
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high identity (30%-38%) with mammalian serine prote-
ases!'®l. The sequence alignment indicates that EFE-a shares
35% identity with F-ITI-1 or F-I1I-2". The cDNA sequence
of P1239 shows 89.5% homology to F-III-1/2 and EFE-II"").
It may be explained in the way that enzymes supplied by
most of earthworms belong to the same family of earth-
worm's taxonomy. In contrast, the enzymes from the same
earthworm usually have different structures. EFE-a and
EFE-b are both extracted from FEisenia fetida“sl, but they
have different structures. Such a phenomenon may be due
to the edaphic conditions of different areas varying from
each other, the earthworm therefore needs multiple genes to
encode different kinds of enzyme to digest the nutrition
needed for its survival. Trypsin belonging to the primordial
Ser195:TCN /Ser214: TCN / Pro225 linkage (EFE-b also
belongs to this linkage!?") is the ancestor of the chymotryp-

sin family!*!

, while EFE-b from the earthworm (a very
ancient animal) might be the intermediate stage in the evo-
Iution of vertebrate chymotrypsin and most non-digestive
trypsin-like proteases (both consisting of two chains) from
their ancestor (consisting of one chain). This may be useful
for investigators to understand the structures and evolution-

ary paths of EFEs.
4 Generation of Recombinant EFEs

EFEs capsules have been made from the extract of
earthworms. But the extract is still a mixture of different
components which can cause side-effects after administra-
tion. It is difficult to isolate and prepare only one ingredient
by the conventional purification methods. The successful
expression of the recombinant EFEs provides a way to ob-
tain single component with fibrinolytic activity.

In the past decade, P. pastoris has been developed in-
to as an efficient, heterologous gene expression host®].
With the use of the alcohol oxidase promoter and yeast
endogenous signal peptide, or that of the gene of interest,
the yields of many recombinant proteins have been fairly
high®. In 2001, Manabu and Nobuyoshi expressed lum-
brokinase F-III-2 for the first time in P. pastoris GS115
with the use of the pPICZa(B) vector®). EFE PM,44 (Gen-
Bank Accession No. AY178854) was expressed by the re-
combinant pPIC6aA-PM246 plasmid transformed into P.
pastoris X-33, and produced about threefold more protein
than the flasks in the condition of YPM culture and 96 h
suitable methanol induction time. The fibrinolytic activity
indicates that purified EFE PMy,4 is not only as a direct
fibrinolytic enzyme, but also as a plasminogen activator.
High density fermentation broth of recombinant lum-
brokinase (rPI239) was developed in the yeast Pichia pas-
toris, using the yeast expression vector pPICZa(A) and the
P. pastoris KM71 host strain, and the total supernatant pro-
tein content is 0.174 g-L’l. Both in vivo and in vitro, this

recombinant protein has similar fibrinolytic activity®®..
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Lumbrokinase-3, first cloned from the earthworm FEisenia

foetida by yeast pPICOK expression vector, was trans-

formed into the Pichia pastoris GS115 cells by electropora-
tion. High level expression of LK-3 in yeast cells was con-
firmed with the different timing courses. The activity of
expressed LK-3 was observed in fibrin plates. In addition,
the expressed LK-3 protein could also dissolve fibrinogen
and bovine serum albumin'*,

Compared to other systems, the bacterial expression
system could express recombinant proteins with higher
yields in an economical and efficient way. The full-length
cDNA of Lumbricus rubellus lumbrokinase fraction 6 (F6)
protease was amplified by Lee, et al. using an mRNA tem-
plate, sequenced and expressed in E.coli cells. The F6 pro-
tease gene consists of pro- and mature sequences, and the
protease was translated and modified into active mature
polypeptide by N-terminal amino acid sequence analysis of
the F6 protease. F6 protease gene clones having pro-mature
sequence and mature sequence produced inclusion bodies in
E. coli cells. Animal test identifies that the F6 protease has
hemolytic activity, and it is composed of pro- and mature
regions®”). The recombinant of the EFE-3 was expressed in
E. coli as inclusion bodies, and the gene encoding of the
native form of EFE-3 was expressed in COS-7 cells in the
medium. Both the refolding product of inclusion bodies and
the secreted protease with the activities dissolve the artifi-
cial fibrin plates’®®. Two cDNA fragments (IrF1 and IrF2),
with and without signal peptide coding sequence, repre-
senting fibrinolytic enzyme gene of F-III-2, were cloned
from earthworm Lumbricus rubellus. Both IrF1 and 1rF2
proteins were produced as an inclusion body form in E. coli
BL21 (DE3) pLysE using bacterial expression vector
pET28a (+), After protein refolding and purification, the
fusion IrF1 and its derivative showed fibrinolytic activity,
but the fusion IrF2 and its derivative had no fibrinolytic
activity®®!, indicating that the E. coli expression system
could not recognize the endogenous signal peptide of
F-111-2, and the effect of the histidine tags at the N-terminus
was not significant on the fibrinolytic activity of the ex-
pressed protein.

To ascertain whether the product of a genetically
modified or newly isolated eukaryotic gene has biological
activity, the gene of interest is usually sub-cloned into a
mammalian expression vector and then expressed in an in
vitro system such as in tissue culture. The first research on
the expression and characterization of a genetically engi-
neered lumbrokinase (L. rubellus) was reported by Hu, et
al., two copies of a lumbrokinase cDNA(w) obtained by
RT-PCR and a synthesized lumbrokinase cDNA(m) with
optimized codons were cloned into a mam-
mary-gland-specific expression vector pIbCP to determine
the elements affecting the expression of lumbrokinase.
Then pIbCP-LK-LK vector preparations were directly in-
jected into the lactating goat mammary glands, both LK-w
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and LK-m were successfully expressed in goat milk. The
fibrinolytic activities of the LK-w and LK-m indicated that
the codon optimization played an important role in improv-
ing the lumbrokinase expression™". Shortly, they developed
an efficient in vivo system by employing a mam-
mary-gland-specific vector, expressing lumbrokinase cDNA
variant (LK-m) and the tissue-type plasminogen activator
(tPA) cDNA in the lactating-goat mammary glands.
High-level expression of the LK-m and tPA was detected,
and all of them had fibrinolytic activity tested by fibrinaga-
rose plate assay®!l. This bioreactor system has the potential
to be used for the production of thrombolytic proteins in
place of transgenic animals.

5 Structural Biology of the EFEs

The structure of EFEs is the basis of their fibrinolytic
mechanism, and the determination for their extraordinary
substrate specificity. Some of the EFEs isozymes such as
EFE-a, EFE-b and isozyme C have been well clarified and
can be as representative for comparison in detail.

EFE-a from E. fetida was refined to the resolution of
0.23 nm and was detected by multiple isomorphous re-
placement (MIR). As in almost all other active chymotryp-
sin-like serine proteases, it also occurs that the a-amino
group of the EFE-a N-terminal residue (Vall6), forms an
internal salt bridge with the side-chain carboxyl group of
Asp194, which generates an oxyanion hole™”. EFE-a has a
polypeptide fold of chymotrypsin-like serine proteases with
essential S1 specific determinants characteristic of elastase.
However, a unique four-residue insertion (Ser-Ser-Gly-Leu)
after Val217 elongate f-strand at the west rim of the S1
specificity pocket, and distal P residues have additional
substrate hydrogen binding sites. EFE-a’s S1 specific
pocket was preferable for elastase-specific small hydropho-
bic P1 residues, its accommodation of long and/or bulky P1
residues was feasible when enhanced binding of the sub-
strate and induced fit of the S1 pocket were achieved?!.
Two years later, the native crystal structure of it was im-
proved to 0. 18 nm and its complex structure was deter-
mined by an inhibitor at a resolution of 0.19 nm™¥. The
final structures show that EFE-a possesses multi-substrate-
binding sites, and significant conformation adjustment takes
place at two loops binding to the N-terminal of the sub-
strates, which may enhance the interaction between the
enzyme and the substrates. These characteristics make the
substrate-specificity of EFE-a less dependent on the prop-
erty of its S1-pocket, and may endow the enzyme with the
ability to hydrolyze chymotrypsin-specific substrates and
even trypsin-specific substrates!®!. Although EFE-b was
extracted from the same earthworm Eisenia fetida as EFE-a,
the structure of EFE-b is distinct from EFE-a. It is roughly
spherical with a radius of about 2.5 nm. The structural
analysis at a resolution of 0.206 nm shows that EFE-b
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should be classified as a trypsin. However, it is a
two-chained protease, including pyroglutamated light chain
and an N-glycosylated heavy chain with an N-terminal,
which are distinct from other trypsins. Furthermore, the
heavy chain contains a novel structural motif, an
eight-membered ring resulting from a disulfide bridge be-
tween two neighboring cysteine residues, and a cis peptide
bond exists between these two cysteine residues™'.

Isozyme C, extracted from the earthworm, Lumbricus
rubellus, shows not only elastase-like activity but also tryp-
sin-like activity. The sequence similarities of isozyme C
with porcine elastase’®™ and bovine trypsin®® were 33%
and 31% respectively. The catalytic triad of the trypsin
family, His, Asp and Ser, was conserved in isozyme C. But
the same as in elastase, Asp, which was the primary sub-
strate determinant of trypsin was missing, and one of the
two Gly at the entrance of the substrate-binding pocket of
trypsin was also replaced by Val, however, the other was
replaced by Ser whereas Thr is present in elastase. In addi-
tion, the determination of ester-bond hydrolyzing activity of
isozyme C was also investigated with esterase-like activity,
which was applicable for the synthesis of useful sub-
stances!®”].

Some of the EFEs have similar function to both tissue
plasminogen activator (t-PA) and plasmin®®!, which means,
they are not only partially activated PLg (plasminogen) to
produce plasmin, but also degrade fibrin and fibrinogen
directly. The immobilized F-II cleaves human plasminogen
at four hydrolytic sites: Lys77-Arg78, Arg342-Met343,
Ala444-Ala445 and ArgS557-11e558. The last cleavage site
(Arg557-11e558) is the same as t-PA and u-PA cut PLg"**.
EfP-III-1M" and EFEa"’! also show the same hydrolytic
activity. In assay, EFEa cleaved plasminogen at five peptide
bonds, three of the P1 residues being hydrophobic and the
other two being basic (Pn and Pn’ denote the nth amino
acid at the N and C-terminals of the cleaved peptide bond;
Sn and Sn’ denote the corresponding binding sites of the
protease)!*?!, the cleavage at the peptide bond R557-1558
(plasminogen numbering) led to the generation of active
plasminm].

EFEs have relatively broad substrate specificities,
such as trypsin (cleavage site: Lys-X and Arg-X, X repre-
sents an amino acid) and chymotrypsin (cleavage site:
Phe-X, Trp-X, Tyr-X and Leu-X)'"”). Fibrinogen is a 45 nm,
340 kDa trinodular protein present at high (24 mg-mL™",
6-12 umol-L") concentrations in plasma, and it consists of
two sets each of three different polypeptide chains: Aa,
Bf,and v, crosslinked by 29 disulfide bridges*!. EFE-II
hydrolyzes Aa-chain of fibrinogen at C-terminal region (the
same as human neutrophil elastase, HNE)¥ and the site
Val21-Glu22 of the N-terminal region. Although thrombin
can cleave fibrinogen to form fibrin clot, the Glyl17-Met51
of the Aa-chain is important N-terminal motif for thrombin
and the fibrin monomer to recognize each other and associ-
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ate into fibrin fibrils. Therefore, EFE-II is different from
thrombin, and produces soluble degraded fragments. In the
hydrolysis of fibrinogen, plasminogen and prothrombin
(Zhao and He, unpublished data), EfP-III-1 cleaves the
bonds at alkaline amino acid residues recognized by trypsin
(R—X and K-X). EfP-II, however, prefers neutral or hydro-
phobic amino acid such as V-X, G—X and A-X. This iso-
zyme also recognizes Y-S bonds™*"!.

It has been speculated that the EFEs directly hydro-
lyze thrombus in vitro. In addition, EFEs also have
anti-platelet activity by elevating cAMP level and attenuat-
ing the calcium release from calcium stores, resulting in the
platelet disaggregating®. And the anti-ischemic activity of
the EFEs was due to EFEs having anti-apoptotic effect by
the activation of JAK1/STATI1 pathway*?.
Anti-coagulation of EFEs can be summarized as Fig. 1.

Fig. 1 Diagram of anti-thrombotic of EFEs pathway

6 Intestinal Absorption of EFEs

The intestinal absorption of proteins (e.g. fibrinolytic
enzymes) remains a controversy’>. The gastrointestinal
tract acts as a barrier against the invasion of exogenous
proteins into the body. Such proteins are not easily absorbed
from the gastrointestinal tract in an intact form, so it is ex-
tremely difficult for them to arrive at certain targeting
area™. The possibilities that small molecular components
of the enzymes can enter the blood stream and act as induc-
ers of the plasminogen activator bound to the endothelium
can not be over ruled. In reality, however, the barrier func-
tion of the small intestinal epithelium in mammals is in-
complete and to a limited extent, macromolecules such as
proteins can pass from the lumen to the circulation. The
mechanisms of the absorption of macromolecules include
paracellular passage and transcellular endocytosis. In the
intracellular transport, some proteins bind to receptors on
the surface of the intestinal epithelium, which then invagi-
nate to form phagosomes engulfing the proteins. Some pro-
teins fuse to form phagolysosomes (such as lysosomers) in
which digestion might occur. The transportation of
EFE-III-1 is an intracellular process. Being a strong prote-
ase, some of EFEs (like EFE-III-1,-2P% and EFE-dare
resistant to degradation by some cellular enzymes. Thus,
they could be discharged in intact form and across the cell

TREAKE® 201047 A H8% 543

[46-51]

membrane by exocytosis. Furthermore, the N-terminal se-
quence of some proteins might also affect protein transpor-
tation. EFE-III-1 and -2 are rich in hydrophobic amino acid
residues (I-V-G-G-I-E-A-R-P-Y-E-F-P-W-Q-), which may
contribute to the membrane transportation®”). The intestinal
absorption of lumbrokinase could also be enhanced by
various enhancers. EFE-d is clinically used for the man-
agement of cardiovascular diseases. However, this protein
drug has a very low (< 0.1%) bioavailability after oral ad-
ministration®®. The water-in-oil (W/0) micro-emulsions
has been explored to enhance the absorption and efficacy
for EFE-d. The result shows that intraduodenal bioavail-
ability of EFE-d for W/O micro-emulsions was 208-fold
higher than that of control solution and the absolute
bioavailability was 17.55%. Meanwhile, there was no tissue
damage of the rats’ intestinal mucosa found. This indicates
that the /O micro-emulsion may represent a safe and ef-
fective oral delivery system for hydrophilic bioactivity
macromolecules.

Some enzymes are degraded rapidly by the clearance
system and inactivated by some inhibitors in blood, so these
enzymes are present in the blood stream for only a short
time. LK III-1 was demonstrated to be absorbed into the
blood with intact form and the maximum activity found
after around 60 min®>>", and EFE-III-2 lost about 95% of
its initial activity in 20 min when incubated with rat plasma
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at 37°C, but the modification of it with human serum albu-
min fragments was significantly more resistant to inactiva-
tion by antibody(about 60% of the initial activity>®)). This
all indicated that some inhibitors and antibody in plasma
possibly inactivated EFE-III-2 when it was absorbed. The
effect of a,M on the activity of EFEs has been investigated,
with the results showing that the activity of EFE-III-1 in
blood decreased to 65% when 0,M was added. The mecha-
nism of a,M/EFE-III-1 interaction coincides with a com-
plicated and irreversible inhibition®®.

7 Conclusions and Perspectives

The development of useful clinical agents from vari-
ous unusual animal species has received a great deal of
attention in recent years. Earthworms have been used in
antipyretic and diuretic treatments in Chinese traditional
medicine for thousands of years. In 1983, Mihara et a/l*!
first isolated fibrinolytic enzymes from the earthworm, and
postulated their clinical potential. EFE does not only de-
grade fibrinogen, elastin and fibrin directly, but also par-
tially converts PLg into active plasmin, which is distinct
from UK, t-PA etc. In China and South Korea, the enzymes
(EFE-III-1 as a main component) were successfully made
into an oral fibrinolytic medicine in 90’s of the last cen-

tury[60]

. Earthworm can be easily raised, making EFEs a
relatively inexpensive thrombolytic agent applicable for
production, and after EFEs are made into oral-capsule, they
are stable during a long-term storage at room temperature.
A number of isozymes have been purified and studied
in details. Each enzyme may have multi-functions (like
G-90"""y and can contribute to different clinical applica-

[62]

tions, such as anti-tumor”~, antimicrobial, blood pressure

adjuster (hypertension and hypotension), solvent thrombus,
protection of cerebral ischemia!®*" cerebral infarction'®],
cardioprotective effect'®®!, etc. These would be meaningful
topics for further investigations.

Even though EFE has some advantages in pharmaceu-
tical application, there are some problems as a clinical fi-
brinolytic medicine: EFE directly dissolves fibrinogen and
fibrin, probably producing plasmin complications; it hy-
drolyzes some other proteins in vivo and the broad specific-
ity may lead to hemorrhage; The half-life of EFE should be
prolonged in circulation; The preparation process of the
EFE is complex, and the products contain some unwanted
components that might be the cause of side-effects (such as
vomiting) in clinical application®”. Pharmacological and
clinical studies should be focused on the solutions to these
problems.

Oral administration of EFE appears to have a rela-
tively slow pharmacological efficacy; therefore it might not
be suitable for the treatment of emergency of thrombus. If
EFEs are made into injection, it would be meaningful to
treat some acute diseases, thromboses in particular. How-
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ever, the hemorrhage complication and immune response of
the enzymes, and the molecular mechanism for its throm-
bolytic effect in vivo remain unclear. These obstacles might
be the biggest hindrance to making EFE into an injection
agent. Therefore it is necessary to identify and modify
EFE’s essentially functional groups while reducing its full
length in order to avoid hostile response while maintaining
the enzyme activity.
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