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APPLICATION OF RECOMBINANT
IMMUNOREGULATORY PROTEIN OF
GANODERMA LUCIDUM IN PREPARATION
OF DRUG FOR TREATING FOCAL
CEREBRAL ISCHEMIA

CROSS REFERENCE OF RELATED
APPLICATION

[0001] Thisis a U.S. National Stage under 35 U.S.C 371 of
the International Application PCT/CN2014/079816, filed
Jun. 13,2014, which claims priority under 35 U.S.C. 119(a-d)
to CN 201310402259.4, filed Sep. 6, 2013.

BACKGROUND OF THE PRESENT INVENTION

[0002] 1. Field of Invention

[0003] Thepresentinvention belongsto afield of biological
pharmacy, and relates to an application of a recombinant
immunoregulatory protein of ganoderma lucidum (tL.Z-8)
expressed by Pichia pastoris in a preparation of a drug for
treating focal cerebral ischemia.

[0004] 2. Description of Related Arts

[0005] The ganoderma lucidum is a precious medicinal
fungus of the traditional Chinese pharmacy, belonging to
ganodermataceae of polyporales of basidiomycetes. The
immunoregulatory protein of ganoderma lucidum is a fungal
immunoregulatory protein which is separated and purified
from a ganoderma lucidum fruit body extract firstly by Kino
et al. The immunoregulatory protein of ganoderma lucidum
comprises 110 amino acids, with N-terminal serine acety-
lated, has a molecular weight of 12.4 kD, and is named as
LZ-8. Researches show that the LZ-8 is able to facilitate the
mitosis and the immunoregulation of the cells. The r[.Z-8 is
extracted from PichiaPink™ strains of eukaryotic expression
vectors of the r[.Z-8 through screening out the stable highly-
efficient secretory-expressed engineering strains, and the
rL.Z-8 is verified to have the same immunologic activity and
biological activity as the LZ-8.

[0006] Cerebral ischemia is a kind of the cerebrovascular
accidents. The cerebrovascular accident, also called cerebral
apoplexy and stroke, is the common disease and the fre-
quently-occurring disease of the middle aged and elderly
people, which seriously threatens the health and the life of
people. In recent years, with the continuous development of
science and technology, the research scholars have deeply
researched the pathogenesis of the cerebral ischemia and the
cascade reaction of the brain tissue cell injury, and found that
the brain tissue injury is able to be relieved through inhibiting
the apoptosis and decreasing the inflammatory response and
the free radical.

[0007] The rL.Z-8 provided by the present invention is not
only able to improve the behavior dysfunction caused by the
cerebral ischemia injury, but also relieve the brain tissue
injury through decreasing the inflammatory response and
inhibiting the apoptosis. The present invention has a certain
positive effect on the application of the r.Z-8 in developing
the drug for treating the cerebral ischemia injury.

SUMMARY OF THE PRESENT INVENTION

[0008] The present invention relates to an application of a
r.Z-8 in a preparation of a drug for treating focal cerebral
ischemia. A series of experimental measures and results show
that the r[.Z-8 has a significant therapeutic effect on the focal
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cerebral ischemia of rats. Technical solutions of the present
invention are described as follows.

[0009] Taking rats as a research object, the present inven-
tion establishes rat focal cerebral ischemia models through a
modified Zea Longa method, and designs six experimental
groups, respectively a negative control group (sham operation
group), a positive drug control group (monosialotetrahexosyl
ganglioside sodium injection (GM-1)), a model group, a
rLLZ-8 high-dosage group (70 ug-kg™), a rL.Z-8 middle-dos-
age group (35 ug-kg™) and a r.Z-8 low-dosage group (17.5
pgkg™). An administration manner is designed as: an intra-
peritoneal injection, twice a day, wherein the same volume of
physiological saline is injected into the sham operation group
and the model group, for consecutive 7 days. Firstly, the
therapeutic effect of the r.Z-8 on a neurological function
injury is examined and graded according to a modified neu-
rological severity scores (NSS) grading standard (16-point
system). Rats of each administration group and the model
group have different degrees of neurological dysfunction
after modeling (the same day, about 5 h after operation). The
rl.Z-8 high-dosage group and the r[.Z-8 low-dosage group
have a significant grading eftect (p<0.01), which illustrates
that the r[.Z-8 is able to decrease a neurological function
score and improve a neurological function. Moreover, the
therapeutic effect of the r[.Z-8 on the focal cerebral ischemia
is firmly proved. Through a Hematoxylin-Eosin (HE) stain-
ing experiment, for the sham operation group, nerve cells and
glial cells of a brain tissue have a normal number, and a
normal morphology and distribution, with complete cell
membrane, uniform cytoplasm, centrally located cell
nucleus, and relatively uniformly distributed chromatin. For
the model group, brain tissues are sparse; a large number of
necrotic nerve cells, disappeared cell structure, pyknosis and
deep staining of cell nucleus, necrotic and disintegrated cells,
increased intercellular space, and a relatively larger necrotic
area are observed. For the r[.Z-8 high-dosage group, the brain
tissues of the rats have different degrees of improvement
compared with the brain tissues of the rats of the model group,
showing a slight pathological change of pyknosis and disso-
Iution of the cell nucleus and a relatively small necrotic area.
An expression of ED-1 positive cells of the laboratory rats are
tested by a PV-6000 two-step method immunohistochemical
detection reagent. Results thereof show that, compared with
the model group, an ED-1 positive cell number of the r[.Z-8
high-dosage group is significantly decreased, which is able to
decrease an inflammatory response caused by a cerebral
ischemia injury. Apoptosis is tested by a TUNEL kit accord-
ing to steps under instructions on the kit. Experimental results
thereof show that an apoptotic cell number of the r[.Z-8
high-dosage group is significantly lower than an apoptotic
cell number of the model group, and, with an increase of a
rl.Z-8 concentration, the apoptotic cell number is gradually
decreased, which further illustrates the therapeutic effect of
the rL.Z-8 on the focal cerebral ischemia.

[0010] The above series of the experimental results of the
application of the r[.Z-8 in the preparation of the drug for
treating the focal cerebral ischemia show that the r[.Z-8 is
able to treat and relieve the neurological injury and a living
state of the rats, and inhibit the apoptosis of the brain tissue to
treat the cerebral ischemia injury.

[0011] Theseand other objectives, features, and advantages
of the present invention will become apparent from the fol-
lowing detailed description, the accompanying drawings, and
the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1isadiagram of a weight change ofrats ofeach
group according to a second example of the present invention,
wherein: S is a sham operation group; M is a model group;
GM-1 is a positive drug control group; H is a r[.Z-8 high-
dosage group; Z is a rL.Z-8 middle-dosage group; and L. is a
rL.Z-8 low-dosage group.

[0013] FIG. 2 shows a morphology of brain tissues of the
rats of each group (HE staining, 40x) according to a third
example of the present invention, wherein: A is the sham
operation group; B is the model group; C is a GM-1 group; D
is the rL.Z-8 high-dosage group; E is the r.Z-8 middle-dosage
group; and F is the rL.Z-8 low-dosage group.

[0014] FIG. 3 shows ED-1 positive cells of each group
(40x), 8 days after modeling, according to a fourth example of
the present invention, wherein: A is the sham operation group;
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group, a rLZ-8 high-dosage group (70 ugkg™), a rLZ-8
middle-dosage group (35 ugkg™) and a rL.Z-8 low-dosage
group (17.5 ug-kg™); and injecting intraperitoneally, twice a
day, wherein the same volume of physiological saline was
injected into the sham operation group and the model group,
for consecutive 7 days. A positive drug in the positive drug
control group was the GM-1.

[0020]

[0021] Table 1 showed that the rats of each administration
group and the model group had different degrees of neuro-
logical dysfunction after modeling (the same day, about 5 h
after the operation). The rats of the model group had a highest
NSS, and NSS of the r[.Z-8 high-dosage group and the r[.Z-8
low dosage group were significantly improved (p<0.01),
illustrating that the r[.Z-8 is able to decrease the NSS and
improve a neurological function.

3. Experimental Results

TABLE 1

NSS grading results of rats of each group (X s, n = 12)

Group Sham M GM-1 1L.Z-H 1L.Z-M rLZ-L

0% day 0 6.75:1.69 4.75x13044 4.17 = 1.6744 6.75£2.20  4.25= 10044
15 day 0 475142 433x1.30 4.00 +2.00 467 £1.30  4.00 £ 095
24 day 0 392:0.67 392x138 3.67+1.78 4.00+0.85 3.75:0.75
39 day 0 3.67+0.78 3.58x1.24 3.17 £ 1.53 3.58£1.00 3.33+0.89
4% day 0 325:072 2.75x1.09 258+ 1.11 317090  2.83+1.00
5% day 0 3.00£0.74 2.50=1.00 2.50 = 1.09 3.00 £0.85  2.33+0.89
67 day 0 2.83:094 258x1.08 2.25+1.06 283+0.83 2.25+097
7% day 0 275:0.87 241x1.00 217 £0.94 258090 2.17+094

Note:

comparing with the sham operation group, each administration group and the model group had significant differences, p<0.01;
comparing with the model group, *p < 0.05, AAp <0.01.

B is the model group; C is the GM-1 group; D is the r[.Z-8
high-dosage group; E is the r[.Z-8 middle-dosage group; and
F is the r[.Z-8 low-dosage group.

[0015] FIG. 4 shows apoptotic cells of each group (40x), 8
days after modeling, according to a fifth example of the
present invention, wherein: A is the sham operation group; B
is the model group; C is the GM-1 group; D is the r[.Z-8
high-dosage group; E is the r[.Z-8 middle-dosage group; and
F is the r[.Z-8 low-dosage group.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIRST EXAMPLE

Therapeutic Effect of r[.Z-8 on Neurological
Function Injury

[0016] 1. Experimental Material

[0017] Rats, having a weight of 250-300 g, half males and
half females, were provided by Laboratory Animal Center of
Jilin University. GM-1 was provided by Beijing Four-ring
Pharmaceutical Co., Ltd. Surgical instruments.

[0018] 2. Experimental Method

[0019] Preparing rat focal cerebral ischemia models
through a modified Zea Longa method; grading the rats which
were fully conscious after operation according to a modified
NSS grading standard (16-point system); arranging a sham
operation group, a model group, a positive drug control

SECOND EXAMPLE

Influence of rL.Z-8 on Weights of Rats

[0022] 1. Experimental Method

[0023] Weighing rats before modeling; preparing rat focal
cerebral ischemia models through a modified Zea Longa
method; weighing the rats on the first postoperative day; and
weighing the rats after consecutively administrating a drug
for 7 days.

[0024] 2. Experimental Results

[0025] As shown in Table 2 and FIG. 1, before modeling,
weights of the rats of each group had no significant differ-
ence; after modeling, the weights of the rats of each group
were significantly decreased; and after consecutively admin-
istrating the drug for 7 days, the weights of the rats of the
rl.Z-8 high-dosage group were increased, illustrating that the
rl.Z-8 is able to reduce an injury caused by cerebral ischemia.

TABLE 2

Changes of weights of rats of each group (X +s)

0% day after 1% day after 87 day after
Group modeling modeling modeling
Sham 268.33 £ 13.87 267.17 £13.73 295.00 =24.22

230.17 = 26.49*%*
251.17 £40.31%
250.50 = 34.23%

M 261.50 £ 16.57
GM-1 266.17 £21.21
1LZ-H 261.67 £16.23

235.67 = 18.97**
246.17 £ 21.99
245.00 = 29.17
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TABLE 2-continued

Changes of weights of rats of each group (X + 5)

07 day after 1% day after 8% day after
Group modeling modeling modeling
rLZ-M 262.50 £ 19.64 234.50 = 21.49%* 229.67 = 38.85%*
rLZ-L 265.17 £31.53 241.83 £36.97 237.67 = 38.10%

Note:
comparing with the sham operation group:

*p < 0.05,
o <0.01,
THIRD EXAMPLE
HE Staining Experiment
[0026] 1. Experimental Method
[0027] Perfusing and fixing: anesthetizing a rat by chloral

hydrate and fixing the rat in a supine position; processing the
rat with thoracotomy to expose a heart; inserting a perfusing
needle into an aorta through an apex of a left ventricle; firstly
perfusing the rat quickly by physiological saline, and mean-
while, cutting off a right auricle and clamping the aorta by a
hemostatic forceps; when no blood was in an effluent liquid,
quickly perfusing the rat by fixative, and stopping perfusing
when a body of the rat became stiff; cutting off a head to
remove out a brain tissue; preparing a coronary brain section
through a rat brain section mold; fixing the coronary brain
section by formalin; selecting a brain section (the third brain
section) which was horizontal with an optic chiasma; embed-
ding the brain section which was horizontal with an optic
chiasma by conventional paraffin and sectioning.

[0028] HE staining: (1) dewaxing the embedded brain sec-
tion by xylene I and xylene II, respectively for 15 min; (2)
hydrating the dewaxed brain section successively by absolute
ethanol I, absolute ethanol 11, 95% ethanol, 90% ethanol and
85% ethanol, respectively for 3 min, and then by distilled
water for 1 min; (3) staining the hydrated brain section by
hematoxylin for 5-10 min; (4) washing the stained brain
section by running water to wash the hematoxylin off] for 1
min; (5) differentiating the washed brain section by 1%
hydrochloric acid-ethanol for 1-3 s; (6) turning blue by the
differentiated brain section, and washing by the running
water for 1-3 min; (7) staining the washed brain section by
eosin for 3-5 min; (8) washing the stained brain section by the
distilled water for 1-3 min; (9) dehydrating and transparen-
tizing the washed brain section, and then, sealing by neutral
balsam; and (10) preliminarily observing the pathological
brain section under an optical microscope.

[0029]

[0030] As shown in FIG. 2, for the sham operation group,
nerve cells and glial cells of the brain tissue had a normal
number, and a normal morphology and distribution, with
complete cell membrane, uniform cytoplasm, centrally
located cell nucleus, and relatively uniformly distributed
chromatin. For the model group, the brain tissue was sparse;
a large number of necrotic nerve cells disappeared cell struc-
ture, pyknosis and deep staining of cell nucleus, necrotic and
disintegrated cells; an increased intercellular space, and a
relatively large necrotic area were observed. For the r[.Z-8
high-dosage group, the brain tissues of the rats had different
degrees of improvement compared with the brain tissues of

2. Experimental Results
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the rats of the model group, showing a slight pathological
change of pyknosis and dissolution of the cell nucleus, and a
relatively small necrotic area.

FOURTH EXAMPLE

Decreasing Inflammatory Response by r[.Z-8

[0031] 1. Experimental Reagent

[0032] The rL.Z-8 high-dosage group, the r[.Z-8 middle-
dosage group and the r[.Z-8 low-dosage group were provided
and prepared by physiological saline to respectively have a
concentration of 70 ug-ml™', 35 ug'-ml~* and 17.5 ug-ml='.
ED-1 antibody was provided by Wuhan Boster Biological
Technology Co., Ltd., and PV-6000 two-step method immu-
nohistochemical detection reagent was provided by Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd.

[0033]

[0034] The sham operation group, the model group, the
positive drug control group, the r[.Z-8 high-dosage group (70
ug'kg™), the rL.Z-8 middle-dosage group (35 pgkg™) and
the rLLZ-8 low-dosage group (17.5 ugkg™") were provided.

[0035]

[0036] After being embedded by conventional paraftin and
sectioned, a brain tissue paraffin section was tested through an
immunologic tissue chemical staining method to test an ED-1
positive cell expression thereof. (1) baking the brain tissue
paraffin section: arranging the brain tissue paraffin section in
an oven at 60° C. for 30-60 min and cooling naturally; (2)
dewaxing the baked brain tissue paraffin section: arranging
the baked brain tissue paraffin section successively in xylene
Tand exlene I1, respectively for 15 min; (3) hydrating: arrang-
ing the dewaxed brain tissue section successively in absolute
ethanol I, absolute ethanol 11, 90% ethanol, 70% ethanol and
distilled water, respectively for 2 min; (4) preprocessing:
according to special requirements of the applied ED-1 anti-
body, preprocessing the hydrated brain tissue section,
wherein antigen is processed by 0.01M citrate buffer solution
(pH 6.0) for thermal remediation; (5) incubating the prepro-
cessed brain tissue section in 3% H, O, deionized water for 10
min, so as to block endogenous peroxidase, and washing by
phosphate buffered saline (PBS) for 3 times, 5 min every
time; (6) adding the ED-1 antibody to the washed brain tissue
section, staying for a night at 4° C., and washing by the PBS
for 3 times, 5 min every time; (7) adding general immuno-
globulin G (IgG) antibody-horseradish peroxidase (HRP)
polymer to the washed brain tissue section, incubating at a
room temperature for 15 min, and washing by the PBS for 3
times, 5 min every time; (8) colorating the washed brain
tissues section by DAB solution (9) washing the colorated
brain tissue section by the distilled water, staining by hema-
toxylin, dehydrating, transparentizing, and sealing by neutral
balsam; and (10) observing the sealed brain tissue section
under an optical microscope.

[0037] 4. Experimental Results

[0038] AsshowedinTable3 and FIG. 3, compared with the
model group, an ED-1 positive cell number of the r[L.Z-8
high-dosage group significantly decreased, which decreased
an inflammatory response caused by a cerebral ischemia

injury.

2. Experimental Group

3. Experimental Method
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TABLE 3
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TABLE 4

ED-1 positive cell number of each group after modeling
for 8 days (X +5)

Apoptotic cell number of each group after modeling
for 8 days (X = 5)

Group ED-1 Group TUNEL

Sham 8.73 £2.93 Sham 7.87 £0.12

M 24.53 £ 4.04%* M 4520 = 3.81%*
GM-1 13.87 £ 2394 GM-1 23.10 £ 2.47++AA
rLZ-H 1527 £ 1.42%4 rLZ-H 18.80 = 4,08 AL
LZ-M 20.00 = 2.62%%* rLZ-M 33.20 £ 2.16¢AAR
LZ-L 19.00 = 2.31%* rLZ-L 39.27 £ 4.80+#

Note:
comparing with the sham operation group,

*p<0.05,
*p <0.01;
comparing with the model group,
45 <005,
comparing with the GM-1 group,
#5<0.05.
FIFTH EXAMPLE

Test of Apoptosis by TUNEL Kit
[0039] 1. Experimental Reagent
[0040] The r[.Z-8 high-dosage group, the r[.Z-8 middle-

dosage group and the r[.Z-8 low-dosage group were provided
and prepared by physiological saline to respectively have a
concentration of 70 pug-ml~*, 35 ug'ml~* and 17.5 pg-ml™.
TUNEL kit.

[0041] 2. Experimental Group

[0042] The sham operation group, the model group, the
positive drug control group, the r[.Z-8 high-dosage group (70
pg'ml™), the rL.Z-8 middle-dosage group (35 ng:ml™) and
the rL.Z-8 low-dosage group (17.5 pg-ml™') were provided.
[0043] 3. Experimental Method

[0044] After being embedded by conventional paraffin and
sectioned, a brain tissue paraffin section was processed
according to instructions of the TUNEL kit. (1) processing
the brain tissue paraffin section with conventional dewaxing
and hydration; (2) processing the brain tissue section with
trypsin, at 37° C., in a dark wet kit for 15-60 min; (3) washing
the processed brain tissue section by PBS for twice, 5 min
every time; (4) adding 50 pl TUNEL reaction mixture (for a
negative control group, adding 50 pl dUTP solution marked
by fluorescein) on a specimen of the washed brain tissue
section, and reacting in the dark wet kit at 37° C. for 1 h; (5)
washing by the PBS for 3 times, 5 min every time; (6) adding
50 ul Converter-POD on the specimen, and reacting in the
dark wetkit at 37° C. for 30 min; (7) washing the reacted brain
tissue section by the PBS for 3 times, 5 min every time; (8)
adding 50-100 pul DAB solution on the washed brain tissue
section for coloration; (9) washing the colorated brain tissue
section by distilled water, staining by hematoxylin, dehydrat-
ing, transparentizing, and sealing by neutral balsam; and (10)
observing the sealed brain tissue section under an optical
microscope.

[0045] 4. Experimental Results

[0046] As shown in Table 4 and FIG. 4, an apoptotic cell
number of each r[.Z-8 group was significantly lower than an
apoptotic cell number of the model group; and, with an
increase of a r.Z-8 concentration, the apoptotic cell number
gradually decreased.

Note:

comparing with the sham operation group,
*p < 0.01;

comparing with the model group,
AAp<001,;

comparing with the GM-1 group,
#p<0.01.

[0047] One skilled in the art will understand that the
embodiment of the present invention as shown in the draw-
ings and described above is exemplary only and not intended
to be limiting.

[0048] It will thus be seen that the objects of the present
invention have been fully and effectively accomplished. Its
embodiments have been shown and described for the pur-
poses of illustrating the functional and structural principles of
the present invention and is subject to change without depar-
ture from such principles. Therefore, this invention includes
all modifications encompassed within the spirit and scope of
the following claims.

1-6. (canceled)

7. A method for treating focal cerebral ischemia in a sub-
ject, comprising: administrating a composition which com-
prises a therapeutically effective amount of a recombinant
immunoregulatory protein of ganoderma lucidum to the sub-
ject.

8. The method for treating the focal cerebral ischemia in the
subject, as recited in claim 7, wherein the therapeutically
effective amount of the recombinant immunoregulatory pro-
tein of the ganoderma lucidum decreases a neurological
severity score caused by a cerebral ischemia injury.

9. The method for treating the focal cerebral ischemia in the
subject, as recited in claim 7, wherein the therapeutically
effective amount of the recombinant immunoregulatory pro-
tein of the ganoderma lucidum decreases an ED-1 positive
cell number, decreases an inflammatory response and treats a
cerebral ischemic injury.

10. The method for treating the focal cerebral ischemia in
the subject, as recited in claim 7, wherein the therapeutically
effective amount of the recombinant immunoregulatory pro-
tein of the ganoderma lucidum decreases an apoptotic cell
number and inhibits apoptosis of a brain tissue.

11. The method for treating the focal cerebral ischemia in
the subject, as recited in claim 7, wherein the composition
comprises a pharmaceutically acceptable adjuvant and the
therapeutically effective amount of the recombinant immu-
noregulatory protein of the ganoderma lucidum (rL.Z-8).

12. The method for treating the focal cerebral ischemia in
the subject, as recited in claim 7, wherein the composition is
administrated orally or parenterally to the subject; the orally
administrated composition is oral liquid, a tablet, a pill or a
capsule; and the parenterally administrated composition is an
externally applied agent or an injection.

#* #* #* #* #*



