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Abstract

The present invention relates to medical uses of a recombinant Ganoderma Lucidum Immunoregulatory
Protein (rLZ-8) for anti-tumor, increase of the number of leucocyte and inhibiting immunological rejection,
etc. The protein gene sequence was originated from Ganoderma Lucidum and redesigned such that it was
more suitable for recombinant expression by eukaryote expression system of Pichia pastoris. Crystal
structure (tertiary and quaternary structures) of rLZ-8 was obtained by X-ray diffraction, analysis was
performed based on the combination of said crystal structure and relevant functions thereof, a conclusion
was drawn that any protein molecule having said structure has the foresaid medical uses, this has already
been verified by large number of in vivo and in vitro pharmacodynamic studies. In conclusion, the recom-
binant Ganoderma Lucidum Immunoregulatory Protein (rLZ-8) of the present invention can be used as an
anti-tumor drug or a increase of the number of leukocyte drug or an immunoinhibitor.
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RECOMBINANT GANODERMA LUCIDIUM IMMUNOMODULATORY PROTEIN
(rLZ-8) AND USES THEREOF

FIELD OF TECHNOLOGY

[0001] The present invention relates to medical uses of a Fungal immunomodulatory protein, in
particular a recombinant Ganoderma Lucidum Immunoregulatory Protein having a particular spa-
tial structure for indications such as tumor, hypoleukocytosis and allergic diseases, etc.

BACKGROUND TECHNOLOGY

[0002] In existent researching files, a specified kind of proteins come from Ganoderma Lucidum
exert extensive immune regulatory activities including regulation, red cells agglutinate, gene
modulation of adhesion molecule, suppressing allergy reaction and immune anti-tumor effect.
[0003] The separation and purification of small-molecule protein from the extractive of Gano-
derma mycelium was done by a Japanese Kino and others in 1989 (Kohsuke Kino et al., J. Bio.
Chem. 1989, 1:472-478), it was named LZ-8, its amino acid sequence and physiological activity
of immunity was also tested which indicates that the sequence of protein of LZ-8 is made up of
110 amino acid residues, acetylation, the molecular weight is 12.4 KD, and the isoelectric point is
44.

[0004] The mmventor has disclosed for the. first time the crystal structure of recombinant Gano-
derma Lucidum Immunoregulatory Protein, mainly comprising an important N-terminal domain
needed for the formation of dimerization and a C-terminal FNTII domain. The said N-terminal
domain is composed of an a-helix (having an amino acid sequence of 2-SDTA-LIFRLAWDVK-15
and being consisted of 14 amino acids) and a B-strand (having an amino acid sequence of
16-KLSFD-20 and being consisted of 5 amino acids), wherein residues of Ser on o-helix are
blocked by acetylation. The N-terminal a-helix and B-strand of one LZ-8 monomer form, together
with the same domains of another LZ-8 monomer, an important dumb-bell-shaped dim-
mer-binding domain via domain swapping. The C-terminal FNIII domain belongs to the immu-
noglobulin-like sandwich structure and comprises f-sheets I and B-sheets II formed by B-strand
A-B-E and B-strand G-F-C-D, respectively. Researching results indicated that the immunomodu-
latory function of the recombinant Ganoderma Lucidum Immunoregulatory Protein may be real-
1zed essentially by forming homodimers via N-terminal a-helix A (researches showed that 13
N-terminal amino acid residues are quite essential for forming functional homodimers for Fip),
bonding to lymphocytes via the said homodimers, and prompting the lymphocytes to secrete vari-
ous cytokines via a series of information transfer.

[0005] Among the existing clinical drugs having effect of increase of the number of leukocyte,
recombinant colony-stimulating factor (such as recombinant human granulocyte macrophage col-
ony-stimulating factor) is the only gene recombinant protein preparation used for treating
hypoleukocytosis or granulocytopenia caused by various reasons and hypoleukocytosis caused by
bone marrow suppression treatment. Although years of clinical application have proved the nota-
ble effects of recombinant colony-stimulating factor, all product containing it are marked with ad-

]
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verse effects like “The common side effect you may experience is aching in the bones and muscles,
fever, tetter, pruritus, abdominal pain, diarrhoea, etc. A small number of patients may experience
dose-response after initial administration, including flushing, sweating, a drop in blood pressure, a
drop in blood oxygen saturation. Serious but rare adverse effects include allergies, bronchospasm,
heart failure, supraventricular tachycardia, capillary leak syndrome, cerebrovascular disease, in-
sanity, convulsions, a drop in blood pressure, intracranial hypertension, pulmonary edema, etc”.
[0006] The previous reports about LZ-8 suggested that it kill tumor cells through immune regula-
tory pathways. In this invention, inventor found that rLZ-8 could kill HL-60, NB4, K562 tumor
cells directly rather than indirect immune regulatory pathways.

[0007] The major function of Ganoderma Lucidum Immune Regulatory Protein lies in that it
stimulates the hyperplasia of peripheral lymphocytes and spleen cells, induces the macrophage
both in human and animals to secrete various cell factors (as in interleukin, tumor necrosis factor
and interferon, etc.), and defending and dispelling the infringement of the causative agent, safe-
guards and maintains the health and to achieve the immune regulatory function. This invention
suggest that rlZ-8 could prevent systemic allergic reactions and immune rejection after organ
transplantation effectively.

THE CONTENT OF INVENTION

[0008] It is an objective of the present invention to find out the crystal structure of recombinant
(Ganoderma Lucidum Immunoregulatory Protein (rL.Z-8) and its new medical uses.

[0009] The invention falls into the field of biomedical engineering, involving medical uses of re-
combinant Ganoderma Lucidum Immunoregulatory Protein for anti-tumor, raising leucocyte and
IMmune suppression.

[0010] The recombinant Ganoderma Lucidum Immunoregulatory Protein (rLZ-8) of the present
invention is obtained by recombinant expression in Pichia pastoris via gene engineering technol-
ogy, and the nucleotide sequence of the rLZ-8 is re-designed and artificially synthesized according

to published gene sequence (M358032) of natural Ganoderma Lucidum Immunoregulatory Protein.

[0011] The present invention obtains for the first time the crystal structure of recombinant Gano-
derma Lucidum Immunoregulatory Protein (rLZ-8) by X-ray diffraction. The conditions for cul-
turing crystal of the said protein are: 1.75 M ammonium sulfate, 0.1 M Tris pH 6.0 and 6.4% PEG
400. A single crystal with a space group P32 was obtained by hanging drop vapor diffusion
method. Crystal data was collected at 1.80A resolution by X-ray diffractometer’s diffraction data
collection system. Structure analysis was performed using softwares such as CCP4, etc and a
crystal structure was obtained via phase exchange. It was found there were four molecules in each
asymmetric unit, wherein a dimmer was formed between two molecules by hydrophobic interac-
tion between N-terminal a-helix and hydrogen bonds between antiparallel B-strand. C-terminal of
a single molecule has a FNIII type immunoglobulin-like fold, the domain is composed of two
B-sheets. It is inferred that there is a sugar binding site at surface and junction of the beat-sheets,

respectively.

[0012] In in vitro anti-tumor test of the present invention, rLZ-8 of different concentrations, which
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was prepared using IMDM culture medium, was added to acute promyelocytic leukemia cell line
NB4 and chronic myeloid leukemia cell line K562 cultured in vitro, it was obviously observed that
rLZ-8 imposed killing effect on said two tumor cells, and experimental data of MTT method
showed that drug effect was significantly dependent on dosage. In in vivo anti-tumor test of the
present invention, purified rLLZ-8 was continuously administrated to S180/H22-bearing mice for
10 days, ascites tumor-bearing mice were weighed daily and sacrificed by cervical dislocation,
tumors were cut from mice that were subcutaneously inoculated with tumor and weighed, then
tumor inhibition rate was calculated and the number of leukocytes in blood before and after ad-
ministration of drug was measured. The results indicated that the inhibition of rLZ-8 on tumor was
dependent on dosage. Both of in vitro and in vivo tests indicated that the rL.Z-8 of the present in-
vention has notable anti-tumor effects.

[0013] In the invention, Fluorchrome (Fluorescein-5-Isothiocyanate, FITC) was used to label
rLZ-8, ftormed FITC-rLZ-8, hatched it with H160 cells, rat myocardial tissues and rabbit chon-
drocytes, collected and washed cells, under fluorescence microscope observation, with
FITC-rLZ-8 incubation of 1h and 6h the HL-60 cells, with strong green fluorescence, compared
with rat myocardial tissues and rabbit chondrocytes, there is a significant difference. These results
served to show that a certain receptor could be recognized by rLZ-8. 1t is inferred that the recogni-
tion mechanism may be related to Oligosaccharide Link on the surface of HL-60 cells, because
there were two carbohydrate chain binding sites on C-terminal FNIII domain of r.Z-8, and any
Oligosaccharide Links have never been found on normal cells’ surface. Base on this, the invention
suggested that specific killing effect of rLZ-8 could be due to an association with recognizing the
receptors on the surface of cells.

[0014] For further studying the anti-tumor mechanism, the apoptotic percentage of rLL.Z-8-treated

K562 and HI60 cells was measured by flow cytometry using propidium iodode (PI) stain and
ANNEXIN V&FITC stain, the results drew the conclusion that apoptosis of cells is one of the
ways for rLZ-8 to kill tumor cells.

[0015]) The present invention discloses that rLZ-8 is effective in preventing and treating hypoleu-
kocytosis. In treatment expertment on rats/mice suffering from hypoleukocytosis caused by
cyclophosphamide, rLLZ-8 prepared with normal saline was continuously administrated to
hypoleukocytosis-suffering rat models caused by cyclophosphamide for 7 days, with Genlei™
Scimax™ (Recombinant human granulocyte colony-stimulating factor injection) as positive drug,
tail vein blood sampling was performed on the third and seventh day, the number of leukocytes in
blood was measured, leukocytes number differences before and after treatment were compared,
and the drug effect was analyzed. Compared with cyclophosphamide control group, the number of
leukocytes in rats of rLZ-8 group was greatly increased on the third day of administration, the dif-
ference was very significant, and the number of leukocytes recovered to normal level on the sev-
enth day of administration.

[0016] In treatment experiment on mice suffering from hypoleukocytosis caused by Y radiation,
each group of mice, except for the normal control group, were intraperitoneally injected with iso-
volumetric normal saline, positive drug (Genlei™ Scimax™) and rL.Z-8 in different doses from
the same day of radiation. The radiation conditions were: 7.50 Gy, 180 mV, 15 mA, with a dose

3
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rate of 150 roentgen per minute. Tail vein blood sampling was performed on each group of mice
before the administration and on the fifth, seventh and ninth days of radiation, and the number of
leukocytes was counted.  Seven days after radiation, the mice were weighed and sacrificed by
cervical dislocation, spleens were collected and weighed, then spleen indexs were calculated.
Thereafter, the spleens were fixed in Bouin solution, and the number hemopoieticfocus on surface
of the spleens (CFL-8) was counted after 6 hours.  In preventing expermment on mice suffering
from hypoleukocytosis caused by v radiation, drugs were administrated five days before radiation,
and the following steps were the same with those in above described treatment experiment. Lx-
perimental data of both experiments indicated that r1.7-8 was effective in preventing and treating
hypoleukoceytosis caused by vy radiation.

10817] The present invention proves that 1L.Z-8 does not produce hemobyviic effect, does not im-
pose agglutination effect on erythrocyie of four human blood types and does not cause abnormal
change t¢ mice’ bone marrow,

{0018] The rlL.Z-8 of the present invention ¢an be used as an immunosuppressant. It was tound in
experiments that rL.Z-8 was effective i inhibiting systematie anaphylactic reactions of mice, and
did not causc positive reactions, such ashyperspasmig, reduction in aclivity or death, to mice irri-
tated by BSA (Bovine Serum Albumin),

[0019] The present mvention comprises preparing a pharmaceutical preparation contaming rb.Z-8
as active ingredient, the pharmaccutical preparation 1s mainly parenteratly-administrated prepara-
fion, such as normal injection, freeze dried injection, liposomes injection, target-delivery mjection,
ete, and may be prepared into gastrommtestinaliv-admunistrated preparation, such as tablet, capsule,
spray, gel, gel absorbent, oral medicine, suspension, mstant medicine, patch, pill. pulvis, injection,
infusion solution, suppository, diluted preparation, controlled release preparation, ¢ic.

[0020] The content of rLZ-8 in the pharmaceutical preparation of the present invention i1s | to 907,
with the remaining being pharmaceutically acceptable carrier selected from a group consisting of
starch, dextrin, sucrose, lactin, celluloses, magnesium stearate, Tween™ 80, Carbomer, methylcellu-
lose, sodium carboxymethvicellulose, sodium algimate, giveerm, gelatine, polyethylene glyeol,
thimerosal, propyiparaben. methyiparaben, ethylparaben, acetonechioroform, sodium benzoate,
borax, bromo-geramine, sorbitol, propanediol sopropanol, laurccaprary, 1sopropanol/propanediol
{1:1), tsopropanol/ (1:2) and sopropanclpropanediol (2:1), triethanolamine, sodium hydroxide,
vascline, stearic acid, liquid paratfin, lanolin, octadecanol, hexadecanol, glyceryl monostearate,
sldivm lauryl sulfate, §-60, peregal 0, mannitol, sorbitol, etc.

{0021] The pharmaceutical preparation of the present invention can be prepared by conventional
process In e ek,

DESCRIPTION TO MANUAL FIGUREN

{0023] Figure2. rL.7-8 on NB4 tumor cells in vitro resulty

[0024] Figure 3, vLZ-8 on K362 tumor celis in vitro results
10025] Figure 4. rl.Z-8-induced apoptosis of K562 and NB4 cells, Pl single staining test resuits
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[0026) Figure 5 rLZ-8-induced apoptosis of HI160 and NB4 cells, Annexin V/PI double staining
test results

[0027] Figure 6 Inoculated S180 Ehrlich ascites tumor cells in mice body weight change

[0028] Figure 7 Inoculated H22 tumor cells implanted in mice body weight change

[0029] Figure 8. FITC-rLZ-8 (100ng.ml™') rat myocardial tissue markers (dark, DIC field)

[0030] Figure 9 FITC+LZ-8 ( IOOng.m]']) rabbit chondrocyte markers (dark, DIC field)

{0031] Figure 10 FITC-rLZ-8 (100ng.ml"") HL-60 cell markers (dark, DIC field)

[0032] Figure 11 Rat myelogram influenced by rLZ-8

EXAMPLES

Example 1 Obtaining the Recombinant Ganoderma Lucidum Immune Regulatory Protein

1. Synthetic rLZ-8 genes, construction of engineering bacteria, construction and screening
[0033] In accordance with genetic code preference of Pichia pastoris, LZ-8 gene (SEQ1) was re-
designed and synthesized for whole-gene based on the original Ganoderma Lucidum Immune
immunomodulatory protein gene sequence (M58032), SEQ1 and M58032 ecode the same amino
acid sequence, and the difference between them was that codon more suitable for expression sys-
tem of Pichia pastoris was utilized in redesigned sequence.

[0034] The sequence (SEQ1) was linked with yeast a-factor leader peptide coding sequence to
become a fusion gene, cloned a-LZ-8 gene into a pMD18-T carrier, linearized the carriers of cor-
rect sequencing and induced into yeast gene genome, and screening Mut" strains which efficiently
utilizes methanol on the MM and MD plates.

[0035] The coding sequence of natural Ganoderma Lucidum Immunoregulatory Protein (M58032)
1S:
AGCATCATGTCCGACACTGCCTTGATCTTCAGGCTCGCCTGGGACGTGAAGAAGCTCT
CGTTCGACTACACCCCGAACTGGGGCCGCGGCAACCCCAACAACTTCATCGACACTGT
CACCTTCCCGAAAGTCTTGACCGACAAGGCGTACACGTACCGCGTCGCCAGTCTCCGGA
CGGAACCTCGGCGTGAAACCCTCGTACGCGGTCGAGAGCGACGGCTCGCAGAAGGTC
AACTTCCTCGAGTACAACTCCGGGTATGGCATAGCGGACACGAACACGATCCAGGTGT
TCGTTGTCGACCCCGACACCAACAACGACTTCATCATCGCCCAGTGGAACTAGGAG-
GAGGCAG.

{0036] The nucleotide SEQUENCE (SEQI1) of redesigned recombinant Ganoderma Lucidum
Immunoregulatory Protein (rLZ-8) 1s:

ATGTCTGATACTGCTTTGAT
CTTCAGATTGGCTTGGGATGTTAAGAAGTTGTCTTTTGATTACACTCCAAACTGGGGTA
GAGGTAACCCAAACAACTTCATTGATACTGTTACTTTTCCTAAGGTTTTGACTGATAAG
GCTTACACTTACAGAGTTGCTGTTTCTGGTAGAAACTTGGGTGTTAAGCCATCTTACGC
TGTTGAATCTGATGGTTCTCAAAAGGTTAACTTCTTGGAATACAACTCTGGTTACGGTA
TTGCTGATACTAACACTATTCAAGTTTTCGTTGTTGATCCAGATACTAACAACGATTICA
TTATCGCTCAATGGAACTAGTAA.

[0037] The amino acid sequence of said recombinant Ganoderma Lucidum Immunoregulatory
Protein (rLZ-8) 1s:
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MSDTALIFRLAWDVKKLSFDYTPNWGRGNPNNFIDTVTFPKVLTDKAYTYRVAVSGRNLG
VKPSYAVESDGSQKVNFLEYNSGYGIADTNTIQVF VVDPDTNNDFIIAQWN;

2. The expression of rLZ-8 engineering bacteria

[0038] Expression of the fermentation scale, temperature, speed of rotation, pH values, liquid
volume, supplement of methanol and other detections have established the optimized process of
yeast in the 100L fermentor scale expression rL.Z-8 conditions. We have designed the poilt fer-
mentation medium formula in accordance with the physical and chemical properties of rLZ-8. The
rL.Z-8 output 1s about 800mg-L'1.

3. Purification process of rLZ-8

[0039] Fermentation broth centrifugal separator — supernatant tubular separator — ultra filtration
— cation exchange column purification — AKTA protein purification workstation for preparation
of the target protein — strong anion-exchange chromatography purification — hydrophobic inter-
action column — gel filtration chromatography.

4. RLZ-8 Purity and molecular weight determination

[0040] Purity analysis of separation and purification using RP-HPLC, the purnity of rLZ-8 1s >99%.
Evaluation of laser-flight mass spectrometry of Recombinant expression of rLZ-8 molecular
weight 1s 12,722Da.

S. Determination of rLLZ-8 higher spatial structure

[0041] A single crystal with a space group P32 was obtained by hanging drop vapor diffusion
method, with the culture condition being: 1.75 M ammonium sulfate, 0.1 M Tris pH 6.0 and 6.4%
PEG 400. rL.Z-8’s X-ray diffraction data was collected at 1.80A resolution by a MarResearch 345
dtd diffraction data collection system. Structure analysis was performed using softwares such as
CCP4, etc and a crystal structure was obtained via phase exchange. The structure of the crystal
r.LZ-8 was briefly describes as following: the structure of LZ-8 comprising an important
N-terminal domain needed for the formation of dimerization and a C-terminal FNIII domain. The
N-terminal said domain is composed of an a-helix (having a amino acid sequence of
2-SDTA-LIFRLAW DVK-15 and being consisted of 14 amino acids) and a B-strand (having a se-
quence of 16-KL.SFD-20 and being consisted of 5 amino acids), wherein residues of Ser on
a-helix are blocked by acetylation. The N-terminal a-helix and f3-strand of one LZ-8 monomer
form, together with the same domains of another LZ-8 monomer, an important dumb-bell- shaped
dimmer-binding domain via domain swapping. The C-terminal FNIII domain belongs to the im-
munoglobulin-like sandwich structure and comprises -sheet 1 and B-sheet 11 formed, as shown 1n
Fig.1, by B-strands A-B-E and f-strands G-F-C-D, respectively, wherein the sequence of B-strand
was A. 21-TPNWGRG-27; B. 34-IDTVTFP-39; C. 48-YTYRVAV-54; D. 57-RNLGVKP-63; E.
72-SQKVN-76; F. 91-TIQVFVVDPD-100; G. 102-NNDFIIAQW-110.

Example 2: Killing effect of rLZ-8 on human promyelocytic leukemia NB4 cells

1. Experimental Reagent

[0042] After filtration and degerming, we prepared 8 concentrations using IMDM culture medium
which are respectively 0.78ug-ml”, 1.56ug'ml™, 3.125pg'ml™, 6.25ug'ml’’, 12.5pug'ml’, 25ug'ml”,
SOug-mI", 100pg~ml".
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2. Experimental Method

[0043] On 96-orifice culture medium plate, the pilot orifice plus NB4 tumor cells 0.1ml and rLZ-8
0.1ml, rLZ-8 concentrates from low to high; negative control group plus NB4 tumor cells and cul-
ture medium of 0.1ml respectively; positive drug control group arsenic trioxide As,QOj3; make
six-aperture multipunches for each group. Placing in 37°C, 5% CO, incubator 48h, adding
MTT15ul (5mg ml™) prior to the termination of 4h, after the termination of cell culture by adding
100u1 0.1mol L™ hydrochloric acid 1sopropyl alcohol, testing on the enzyme-linked immunosor-
bent OD s579.m Values.

3. Experimental Result
[0044] Table 1 and Figure 1 showed that rLZ-8 drug group at ODs70.m Optical absorption value and
NB4 normal control group, there are significant differences that rLZ-8 has a strong lethal effect in

vitro on NB4 tumor cells.
Table 1 rLZ-8’s lethal effect in vitro on NB4 tumor cells ( x £s,n =6)

Groups Dosage (pgmi') ODs76nm Growth inhibition rate( % )
Normal control gr;up _ - o l.l6ﬂ:5.020 -
Positive drug control group 10 0.33+0.01* 77
rLZ-8 groups 078 0.71+0.03* 39
1.56 0.65+0.05* 44
3.125 0.53+0.04* 54
6.25 0.45+0.02 * 61
12.5 0.30+0.04* 74
25 0.22+0.01* 81
50 0.11+0.01* 91
100 0.08+0.01* 93

Comparison of drug group with NB4 normal control group, * p<0.01

Example 3: Lethal effect of rLLZ-8 on human chronic myelogenous leukemia K562 cells

1. Experimental Reagent

[0045] After sterilization of rLZ-8, we prepared 6 concentrations using IMDM culture medium,
which are respectively 3.125ug'm!”, 6.25pg-ml™, 12.5pg'ml™’, 25ug ml™, 50pug'-mli™, 100pug-ml.

2. Experimental Method

[0046] On 96-orifice culture plate, the pilot aperture plus K562 tumor cells 0.1ml and rL.Z-8 0.1ml,
rL.Z-8 concentrations from low to high; negative control group plus K562 tumor cells and culture
medium of the 0.Iml respectively; positive drug control group arsenic trioxide As,Os;; make
six-aperture multipunches for each group. Placing in 37°C, 5% CO, incubator 48h, adding
MTT15ul (5mg ml™) prior to the termination of 4h, after the termination of cell culture by adding
100ul 0.1mol L’ hydrochloric acid isopropyl alcohol, testing OD values 570,m On the enzyme im-

munosorbent detector.
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3. Experimental Result
[0047] Table 2 and Figure 3 show that rl.Z-8 drug group at ODs70nm Optical absorption value and
K562 normal control group, there are significant differences that rLZ-8 has a strong lethal effect in
vitro on K562 tumor cells.

Table 2 rLZ-8 lethal effect on tumor cells K562 in vitro ( ¥ %s, n=6)

Growth i1nhibition rate

Groups Dosage (pg ml™") ODs70nm
(%%)
Nonnarc-::)ntro;;roup* N — 1.01+0.01 - e -
Positive drug control group 10 0.22+0.03* 782
rLZ-8 groups 3.125 0.66+0.03* 34.7
6.25 0.58+0.03* 42.6
12.5 0.52+0.05%* 48.5
25 0.31+0.02* 69.3
50 0.25+0.04* 75.2
100 0.19+0.03* 81.2

Comparison of drug groups with K562 normal control group, ¥*p<0.01

Example 4: rLZ-8 influence on apoptosis of blood tumor cell

1. PI single stained flow cytometry

1.1 Experimental Apparatus and cell line

[0048] Fluorescence microscope, model Leica ASLMD, K562, NB4.

1.2 Experimental Reagent

[0049] rL.Z-8 is classified into high, medium and low three-dose groups respectively, now we pre-
pare them with IMDM culture fluid containing 2% FCS into the preparation of 2.5pgmi”,
0.5pg/ml, 0.1pg-ml™. Propidium bromide (PI) 50pg-mi™.

1.3 Experimental Grouping

[0050) Establish K562 as the normal control group, positive drug control group (As;03), rLZ-8
low-dose group (0.1lpg-ml'), rLZ-8 medium dose group (0.5pg-ml"'), rLZ-8 high-dose group,
(2.5pg-ml“); set NB4 as the normal control group, rL.Z-8 low-dose group (O.ng'ml‘l), rL.Z-8 me-
dium dose group (0.5ug'ml™'), rLZ-8 high-dose group, (2.5ug-ml™).

1.4 Experimental Method

{0051] Mix K562 and NB4 celis into 24-orifice plate respectively, and supply rL.Z-8 in different
concentrates, 1ml/orifice, set 3-orifice multipunches for each group. Put them in 37°C, 5% CO;
incubator for 24h, collect the cells of each concentrate, PBS washes twice and regulates the cell
density to 1x10°/ml, 70% ice ethanol fixation, adjusts to -20°C and stays overnight. Wash the celis
with PBS twice after fixing the cells, add P1 (end density 50ug'ml™") for room temperature and
lucifuged hatching 10min, 1000r-min™ centrifuge Smin, clear supernatant with disposable 400u
IPBS re-suspension precipitation. And test on computer in lh.

1.5 Experimental Result

[0052] Table 3 and Figure 4 show that, comparison with K562 and NB4 normal control group,
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rL.Z-8 drug group apoptosis rates increases, we may draw the conclusion that apoptosis of cells 1s
one of the ways for rLZ-8 to kill tumor cells.

Table 3 rLZ-8 induced apoptosis rate on K562 and NB4 (%)

’ rlL.Z-8 rLZ-8 rl.Z-8
Apoptosis rate Normal contrast group 1 | 1 [
(0.1pg:ml™) (0.5pg'ml™) (2.5pug'mi™)

K562 8.89 16.43 17.91 21.57

NB4 4.06 9.23 27.51 38.60

2. Annexin V-FITC Flow cytometry kit tests apoptosis of cells

2.1 Experimental Apparatus and cell line

[0053] FACS Calibur flow cytometry, U.S. Becton-Dickinson.Coompany. NB4, HL-60.

2.2 Experimental Reagent

{0054] Prepared rLZ-8 with IMDM culture fluid containing 2% FCS into the preparation of
O.ngoml", O.Spg-ml", 2.5ug-ml’, arsenic trioxide (As,Os) 0.5|.lg«mt'l AnnexinV-FITC kit: com-
bining buffer solution 4x; Propidium iodide solution (PI), 20ug-mi-1, 0.2ml.

2.3 Experimental Grouping

[0055] Establish NB4 normal control group, positive drug group (As,O; 0.5ug'ml™"), protein
low-dose group (0.1pg'ml"), medium-dose group (0.5pg-ml™), high-dose group, (2.5pg-ml™"); es-
tablish HL-60 normal control group, protem low-dose group (0.1pg-ml"), medium-dose group
(0.5pug: .ml™"), high-dose group, (2.5ug'ml’ .

2.4 Experimental Method

[0056] Mix NB4 and HL-60 cell into 24-orifice plate respectively, 1ml/hole supply rL.Z-8 in dif-
ferent concentrates, set 3-orifice multipunches for each group. Put them in 37°C, 5% CO, incuba-
tor for 24h, collect the cells of each concentrate, washes the cells twice with pre-cooled PBS 4°C,
with 250ul binding buffer solution re-suspending cells and regulates the cell density to 1x10%/ml,
taking outl00ul to 5ml streaming tube, and add Sul Annexin V/FITC and 10ul 20pg-ml™ PI solu-
tion, after mixing put it in room temperature and lucifuged hatching 15min, add 400ul PBS by
flow cytometry analysis.

2.5 Experimental Result

[0057] Figure 5 and Table 4 show that NB4-rL.Z-8 group and HL-60-rL.Z-8 group, the apoptosis
rate is significantly higher than the normal control group, and, the apoptosis of HL-60-rLZ-8
group also rises with rLZ-8 concentration increase.

Table 4 rL.Z-8 inducible apoptosis rate on NB4 and HL-60 cell (%)

p——

ApOpt;SiS Normal control Positive drug rl.Z-8 rL.Z-8 rLZ-8
rate group group (0.1pg'ml™) (0.5ug'ml™) (2.5pgmt™h)
NB4 6.1 234 21.0 o 22.3 - 34?
HL-60 0.4 39.7 30.5 40.7 47.7
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Example 5: rLZ-8 on mouse S180 Ehrlich ascites tumor inhibition

1. Experimental material

[0058] Mice, 18-22¢g, males and females were equally divided, provided by Jilin University Labo-
ratory Animal Center; Mice Ehrlich ascites cells strain, provided by our laboratory S180; Cyclo-
phosphamide (CTX), offered by Jiangsu Hengrut Medicine Co., Ltd., lot number: 06101921. S180
ascites tumors and solid tumors in experiment group were divided into normal control group,
negative control group, positive control group, rLZ-8 low-dose treatment group (0.25mg-kg™),
rLZ-8 medium-dose treatment group (0.5mg-kg"), rLZ-8 high-dose treatment group (1mg~kg‘1).
For each group 10 mice.

2. Experimental Method

[0059] S180 Subcutaneous Tumor Inhibition Experimental Method: Select well-growing S180
cells, dilute appropriately with sterile saline into a tumor cell suspension, cell counts for 10"-L°,
under the right armpit of each mouse inoculated subcutaneously 0.2ml (except for the normal con-
trol group). Treatment after 24h of vaccination. Normal control group and negative control group
were given saline 0.2ml-each™-d”’, intraperitoneal injection; positive control group were given
cyclophosphamide 20mg-kg', 0.2ml-each™-d”, intraperitoneal injection. rLZ-8 treatment groups
were given doses of tatl venous injection respectively, 0.2ml-each"-d", in 10 consecutive days.
Draw blood from orbital venous plexus 10 days before and after medication respectively, sent to
Jilin University No.1 Hospital clinical laboratory to test and analyze the number of WBC. Kill all
mice the next day of drug withdrawal at cervical dislocation, dissect anatomically and take out the
tumors, weigh tumors, calculate the inhibition rate using the following equation:

[0060] Inhibition rate (%) = (average tumore weight of the control group — average tumore weight
of the experiment group)/average tumor weight of the control groupx100%

[0061] S180 Ascites Tumor Inhibition Experimental Method: Select well-growing S180 cells,
dilute appropriately with sterile saline into a tumor cell suspension, cell counts for 10-L™', each
mouse Intraperitoneal inoculation 0.2ml (except for the normal control group). Treatment after 24h
of vaccination. Normal control group and negative control group were given saline
0.2ml-each™+d", intraperitoneal injection; positive control group were given cyclophosphamide
20mg-kg', 0.2ml-each’-d”’, intraperitoneal injection. rLZ-8 treatment group were given doses of
tail venous injection respectively, 0.2ml-each™-d”, in 10 consecutive days. Daily weighing, ob-
serve the weight changes of mice, drawing weight growth curves.

3. Experimental Result:

[0062] S180 Subcutaneous Tumor Inhibition Experimental results: As can be seen from Table
5, three doses of rLZ-8 can inhibit the growth of S180, inhibition rates are 16.8%, 25.7% and
45.5%. There are very significant differences (p <0.01), rLZ-8 treatment group tumor weight
compared with the negative control group.

[0063] As can be seen from Table 6, before medication, the WBC numbers in mice are at the same
level for all the groups, compared with the negative control group showed no differences (p>0.05).
10 days after the treatment, the negative control group WBC numbers were higher than the normal
control group, rL.Z-8 low-dose group and medium-dose group WBC numbers and negative control
group showed no differences (p>0.05), high-dose group and the normal control group also without
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differences (p>0.05), the positive control group WBC numbers significantly decreased, and com-
pared with normal control group and negative control group there were great differences (p<0.01).
Table 5. rL.Z-8 effect on mouse transplanted S180 tumor inhibition (X *s, n=10)

Groups Dose (mg'kg')  Tumor weight (g) Inhibition rate (%6 )
Negative control group — 1.01+0.03 —
CTX group 20 0.35+0.02* 65.3
r.Z-8 low-dose group 0.25 0.84+0.03* 16.8
rLZ-8 medium-dose group 0.5 0.75+0.02* 25.7
rl.Z-8 high-dose group 1 0.55+0.03* 45.5

Comparison with the negative control group, * P < 0.01

Table 6. rLZ-8 effect on mouse transplanted S180 interleukin (X +s, n=10)

Groups __— (mg-kg’l ) Number of leukocytes
Before medication 10™ day of medication
Normal control group — 9.49+0.27 9.54+0.33
Negative control group — 9.54+0.25 10.44+0.34
CTX group 20 9.56+0.31* 4.41+0.25*
rL.Z-8 low-dose group 0.25 9.48+0.30* 10.44+0.18**
rLZ-8 medium-dose group 0.5 9.43+0.44% 10.34+0.31%*
rL.Z-8 high-dose group 1 9.49+0.36* 9.55+0.36**

Comparison with the negative control group,” p < 0.01; * p>0.05

[0064]) S180 Ascites Tumor Inhibition Experimental results: The experiment results showed
that mice ascites in all the groups appeared basically at the same time, the negative control group
of mice body weight increased rapidly, reduced survival time. From Fig.6 we could see that mice
in rLZ-8 group the average weight of growth trend than the normal group, but more than the nega-
tive control group is relatively small. Note rL.Z-8 to a certain extent, inhibited mouse peritoneal
S180 tumor cells growth.

Example 6: rL.Z~-8 on mouse hepatoma cell H22 inhibition experiment

1. Experimental material

[0065] Mice, weight 18-22g, males and females were divided equally, from Jilin University Labo-
ratory Animal Center. Mouse hepatoma cell strain H22, offered by our laboratory. Cyclophos-
phamide (CTX), offered by Jiangsu Hengrui Medicine Co., Ltd., lot number: 06101921.

2. Experimental Method

[0066] H22 hepatoma cells experiment group were divided into normal control group, negative
control group, positive control group, rLZ-8 low-dose treatment group (0.2 Smg-keg™), rLZ-8
meidum-dose treatment group (0.5mg-kg™"), rLZ-8 high-dose treatment group (1mg-kg™). For each
group 10 mice.

[0067] H22 Subcutaneous Tumor Inhibition Experimental Methods: Select well-growing H22
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cells, dilute appropriately with sterile saline into a tumor cell suspension, cell counts for 10"-L",
under the right armpit of each mouse inoculated subcutaneously 0.2ml (except for the normal con-
trol group). Treatment after 24h of vaccination. Normal control group and negative control group
were given saline 0.2ml-each™-d”’, intraperitoneal injection; positive control group were given
cyclophosphamide 20mg-kg™', 0.2ml-each™-d”’, intraperitoneal injection. rLZ-8 treatment groups
were given doses of tail venous injection respectively, 0.2ml-each™-d”’, in 10 consecutive days.
Draw blood from orbital venous plexus 10 days before and after medication respectively, sent to
Jilin University No.1 Hospital clinical laboratory to test and analyze the number of WBC. Kill all
the mice the next day of drug withdrawal at cervical dislocation, dissected anatomically and took
out the tumors, weigh tumors, calculated the inhibition rate using the following equation:

[0068] Inhibition rate (%) = (average tumore weight of the control group — average tumor weight
of the experiment group)/average tumor weight of the control groupx100%.

[0069] H22 Ascites Tumor Inhibition Experimental Methods: Select well-growing H22 cells,
dilute appropriately with sterile saline into a tumor cell suspension, cell counts for 10"-L"', each
mouse Intraperitoneal inoculation 0.2ml (except for the normal control group). Treatment after 24h
of vaccinatton. Normal control group and negative control group were given saline
0.2ml-each™-d"', intraperitoneal Injection; positive control group were given cyclophosphamide
20mg-kg™, 0.2ml-each™’-d”’, intraperitoneal injection. rLL.Z-8 treatment groups were given doses of
tail venous injection respectively, 0.2ml-each™-d”, in 10 consecutive days. Daily weighing, ob-
serve the weight changes of mice, drawing weight growth curves.

3. Experimental Result:

[0070] H22 Subcutaneous Tumor Inhibition Experimental Result: As can be seen from Table 7
all three rLLZ-8 dose groups can inhibit the growth of S180, inhibition rates were 16.7%, 30.0%,
42.5%. There are very significant differences (p<0.01), rLZ-8 treatment group tumor weight com-

b

pared with the negative control group.

Table 7 rL.Z-8 effect on mouse transplanted inhibition of tumor H22 ( X s, n=10)

Groups Dosage (mg-kg")  Tumor welight (g) Inhibition rate (%% )
Negative control group — 1.20+0.02 —
CTX group 20 0.45+0.02% 62.5
rLZ-8 low-dose group 0.25 1.00+£0.03% 16.7
rL.Z-8 medium-dose group 0.5 0.84+0.02% 30.0
rL.Z-8 high-dose group 1 0.69+£0.03%* 42.5

Comparison with the negative group, * p < 0.01

[0071] From Table 8 we know that the WBC counts of mice in these groups before medication
were at the same level, compared with the negative control group there showed no differences (p>
0.05). 10 days after treatment, the negative control group WBC counts were higher than that of the
normal control group, rLZ-8 low-dose group and medium-dose group WBC ccounts and that of
the negative control group showed no differences (p> 0.05), the high-dose group compared with
the normal control group showed no differences (p> 0.05), the WBC counts in positive control
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group significantly decreased, compared with the normal control group and the negative control
group were significantly difterent (p<0.01).

Table 8 rLZ-8 effect on mouse transplanted inhibition of tumor H22 interleukin (x £s, n=10)

WBC numbers
dosage ™ :
Groups r o 10" day of medica-
(mg-kg ) Before medication ,
tion
Normal control group — 9.65+0.28 9.69+0.26
Negative control group - 9.76+0.31 10.49+0.33
CTX group 20 9.67+0.43% 4.49+0.21%
rL.Z-8 low-dose group 0.25 9.65+0.33% 10.5340.24%*
rL.Z-8 medium-dose group 0.5 9.65+0.38* 10.43+0.27**
rL.Z-8 hig-dose group 1 9.63+0.41* 9.86+0.27**

Comparison with the negative group, * p <0.01; ** p >0.05

[0072] H22 Ascites Tumor Inhibition Experimental Result: The results showed rLLZ-8 groups of
mice survive longer than the negative control group, in the negative control group mice showed
loss of appetite, but there is a rapid growth in weight and less activity. It can be seen from Fig.7
that rLZ-8 group, the growth weight of mice was bigger than the normal group on averge, but less

than the negative control group. It indictes that rLZ-8 inhibited the mouse peritoneal H22 tumor
cells growth of mouse to a certain extent.

Example 7: rLZ-8 fluorescent labeling and its influence on normal tissue cells and H1-60 cells
1. rLz-8 fluorescence of FITC label

1.1 Experimental Reagent and Apparatus
[0073] Fluorchrome ( Fluorescein- 5-Isothiocyanate, FITC), GL Biochem (Shanghai); Dimethyl
sulfoxide; carbonate buffer solution (pH 8~9.5) (Na,CO; 4.3g, NaHCO; 8.6g add ddH,O to

500ml); Phosphorus buffered saline (PBS); Desalting Hiprep 26/10 desalting column; AKTA puri-
tier; spectrophotometer as Hitachi model.

1.2 Experimental Method

[0074] Mix the purified rLZ-8 (7.5mg-ml™") 20ml with carbonate buffer (pHS.3), for dialysis over-
night, weighing 3.75mg FITC, add dimethyl sulfoxide (DMSO) 3.75ml into FITC-DMSO solution.
First put rLZ-8 in a small 50ml beaker and then by mixing FITC-DMSO solution drops into rL.Z-8
solution, and increase with PBS to 30ml, stirring 4h with magnetic stirrer at room temperature and
luctfuging, desalting column with Desalting Hiprep 26/10 in AKTA purifier system to remove free
fluorescein, 75ml PBS elution, 280nm, 495nm detection, and peak collection.

1.3 Experimental Result:

[0075] Scan the prepared FITC-rLZ-8 (10-times diluted) at 220nm~520nm, A495 = 0.445, A280 =
0.67, calculate tag efficiency (F/P) 3.80.

2. The labeling effect on rat myocardial tissues

2.1 Experimental Reagent and Apparatus
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[0076] Leica CM1850 frozen slicer; wistar rat; fluorescence microscope 80i (Nikon); isotonic PBS
butfer (pH7.2); fetal bovine serum (FBS, Gibco); FITC-rLZ-8 is prepared by our laboratory.

2.2 Experimental Method

[0077] Cut the rats at neck and kill them, and strip the hearts, put them to frozen microtome till the
temperature dropped to -20°C for slicing, hatching for 1h at 37°C when the myocaridial and PBS
preparation of FITC-rLZ-8 solution (100ng-ml™"), observing under fluorescence microscope to
observe, and establish a blank control group.

2.3 Experimental Result:

[0078] Under fluorescence microscope observation of myocardial tissues, it is without visible
fluorescence, compared with the blank control group, there was no difference, see figure 8.

3. Labeling effect on primary culture of rabbit chondrocytes

3.1 Experimental Reagent and Apparatus

[0079] Japanese white rabbits (male, 2.5kg) 4; surgical instruments; 0.25% trypsogen +0.02%
EDTA; 0.2% collagenase || ; D-Hanks; IMDM medium (50mi-ml", vitamin C, double-antibody);
0.025mg-ml’’ Poly-lysine solution; sterile water for injection (WFI).

3.2 Experimental Method

[0080] Fix the experiment animals and execute them with air embolism, skinned abdominal in the
middle and exposed the limbs, cutting the muscle fascia with scissors, disconnected the backbone
from os longum, remove carefully the entire knee, hip and shoulder bones, with a rough pruning,
immersed into D-Hanks. Moved the beaker with tissues into the super-clean units, move the tis-
sues after pruning and cleansing into the 2nd sterile D-Hanks cup; assemble the knife, cutting a
thin layer of cartilage off, use curved forceps move into the 6¢m culture incubator, washing with
D-Hanks three times, discard majority of D-Hanks, cut the cartilage into 1mm slices with oph-
thalmic scissors, discard majority of D-Hanks, spoon removing the broken bone pieces into
alOcm’” culture flask, mix with trypsogen EDTA for digestion, 37°C, 30min; replace the trypsogen
for collagenase, put it into the hatching incubator of 37°C, taking out and shaking Smin every 1h,
with 4-4.5h, finish digestion. Prepare it to the cell suspension solution and mix 3ml IMDM con-
taining FBS 15%, 5x10*ml" vaccinated into the culture flask.

[0081] Vaccinated the cell on the 24-orifice plate, 0.5ml/hole, establish a blank control group,
hatching at 37°C for 1h with the final concentration of 0.25ug-ml"' FITC-rLZ-8 0.5ml., move the
cells into 1.5ml EP centrifugal (1000r-min™, 7min) washing with isotonic PBS thre times, mix EP
tube with 0.1ml PBS, re-suspended the cells, check the suspension to make observation under the
fluorescenece mircroscope.

3.3 Experimental Result:

[0082] Observation under fluorescence microscope, the chondrocytes form of rabbits intact, with-
out green fluorescence, compared with the control group there was no significant difference. Pho-
tos of experiment group are shown as in Figure 9.

4. Labeling effect of HI-60 cells

4.1 Experimental Reagent and Apparatus

[0083] Fluorescence microscope 80i (Nikon), IMDM cell culture medium (Hyclone), fetal bovine
serum (FBS, Gibco), FITC-rLZ-8 and isotonic PBS buffer (pH7.2) Prepared by our laboratory.
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4.2 Experimental Method

[0084] Vaccinated the HL-60 by 2x10° inoculation on 24-hole plate, each hole 0.5ml, with IMDM
(2% FBS) culture medium prepared FITC-rLZ-8 for 100ng'ml”, each hole 0.5ml hatching (37°C),
establish a control group, experiment group 1h and experiment group 6h, draw the cells respec-
tively from 1h and 6h, mixing into 1.5mIEP tube, 1000r-min"' centrifuge, clear the supernatant,
wash with PBS 3 times, re-suspend after washing.

4.3 Experimental Result

[0085] Figure 10 observe under fluorescence microscope, with FITC-rLZ-8 incubation of 1h and
6h the HL-60 cells, with strong green fluorescence, and in group 6h there was agglutination of

cells, while in the blank control group, no green fluorescence, compared with former, there is a
significant difference.

Example 8: rLLZ-8 Effect in the prevention of the leucocyte in mice

1. Medicine Preparation

[0086] rLZ-8 preparation of sterile saline. Divide them into 5 ug-kg” . 2.5 ug'kg'. 1.25 ngkg' .
0.62 pg-kg“l dose groups, 0.2ml/piece.

[0087] Genlei™ Scimax™ [Recombinant human granulocyte colony-stimulating factor injection
(rhG-CSF)], production lot number: 20060403; 75ug/piece was prepared with sterile normal saline
into the preparation of 3.2pgkg™, 0.2ml/piece.

[0088] Cyclophosphamide (CTX) for Injection (the production lot number 07121821; 200mg /
vial) was prepared with sterile normal saline into the preparation of 12.5 mg-kg™, 0.2ml/piece.

[0089] 3% solution of acetic acid 1s prepared by taking 3 ml glacial acetic acid and adding H»O to
100ml, then filtering the resultant solution.

2 Experimental Method

[0090] The mice were divided into 7 groups, and each group comprises 5 male mice and 5 female
mice. Except for the mice of the normal control group administrated with identical volume of ster-
ile normal saline, each mouse of each group was continuously administrated 0.2 ml solution of
cyclophosphamide (12.5 mg-kg™') through intraperitoneal injection per day for 3 days. Tail vein
blood sampling was performed on the third day, the number of leukocytes in blood was measured
under microscope . After successful modeling, except for the mice of the normal control group and
the mice of group treated with cyclophosphamide (CTX) administrated with identical volume of
sterile normal saline, said each mouse of each group was treated with conresponing dose of rL.Z-8
and positive drugs (Genlei™ Sc imax™ ). Venous blood of tail is collected on the third, senventh,
fourteenth day of the treatment respectively. Leukocytes number differences before and after

treatment were compared, and the drug effect was analyzed.

[0091] The method for counting the number of leukocyte: the blood 1s diluted 20-fold with 3%
solution of acetic acid so as to make erythrocyte dissolve. The resultant solution was dropped into
leukocyte count cell, and counted the number of leukocyte under microscope, and caculated the
number of leukocyte/mm3.

3 Experimental Result
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[0092] As can be seen from Table 9,. compared with the CTX group, treatment on the 3rd day of
rL.Z-8 drug group in mice had significantly higher WBC, the difference is very significant, it re-
covers on the 7th day of treatment.

Table 9 rLZ-8 Effect on low-interleukin mice model ( x xs, n=10)

grouping Before A fter model- 3™ day of 7" day of 14™ day of
modeling ing medication medication medication
Normal control group 10.5+0.20 11.0£0.25 10.8+0.51 10.2+0.11 11.2+0.31
CTX group 10.7+0.56 1.5£0.71 4.6+0.34 8.3+0.34 12.0+0.32
Genlei™ Scimax™
] 10.8+0.22 1.5+0.35 5.5+0.12%* 22.7+£0,12%* 13.0+0.19%*
(3.2ug'kg )
rLZ-8 (Spgkg™) 9.92+0.21 1.3+0.32 5.0+0.12* 20.3+0.11* 14.3+:0.21*
rLZ-8 (2.5pgkg-1) 10.25+0.39 1.5+0.54 6.6£0.77* 22.8+0.15* 15.2+0.11*
rL.Z-8 ( 1.25ngkg-1 ) 10.4+0.31 1.7+0.45 8.1+0.17* 19.7£0.17* 13.9+0.14*
rLZ-8 ( 0.62pg-kg-1 ) 10.4+0.91 1.4+0.45 6.4+0.41* 27.2+0.10* 13.9+0.17*

Comparison between CP control group, * P <0.01

Example 9

rL.Z-8 Effect in the treatment of the leucocyte in rats

1. Medicine Preparation

[0093] rLZ-8 preparation of sterile saline. Divide them into 20;1g-kg'l v 10 pg-kg'I . 5ugkg’. 2.5
ngkg'. 1.25 pgkg'. 0.625 pgkg'. 0.31 pg-kg ' dose groups.

[0094] Genlei™ Scimax™ [Recombinant human granulocyte colony-stimulating factor injection
(rhG-CSF)], production lot: 20071104; 150png/piece was prepared with sterile normal saline 1nto
the preparation of 9.45 pg-ml’l, 0.1ml/piece.

[0095] Cyclophosphamide (CTX) for injection (the production lot number 07121821; 200mg/vial)

was prepared with sterile normal saline to 49 mg-kg™', 0.2ml/vial

[0096] 3% solution of acetic acid is prepared by taking 3 ml glacial acetic acid and adding dH,0 to
100ml, then filtering the resultant solution.

2 Experimental Method

[0097] The rats were divided into 10 groups, and each group comprises 5 male rats and 5 female
rats. Except for the rats of the normal control group administrated with identical volume of stenle
normal saline, each rat of each group was continuously administrated 0.2 ml solution of cyclo-
phosphamide (49 mg'kg ™) through intraperitoneal injection per day for 3 days. Tail vein blood
sampling was performed on the third day, the number of leukocytes in blood was counted under
microscope. After successful modeling, except for the rats of the normal control group and the rats
of group treated with cyclophosphamide (CTX) administrated with identical volume of sterile
normal saline, said each rat of each group was treated with conresponing dose of rLLZ-8 and posi-
tive drugs (Genlei™ Sc imax™ ). Venous blood of tail is collected on the third, senventh, four-
teenth day of the treatment respectively. Leukocytes number differences before and after treatment
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were compared, and the drug effect was analyzed.

[0098] The method for counting the number of leukocyte: the blood is diluted 20-fold with 3%
solution of acetic acid so as to make erythrocyte dissolve. The resultant solution was dropped into
leukocyte count cell, and counted the number of leukocyte under microscope, and caculated the
number of leukocyte/mm”.

3 Experimental Result

[0099] As can be seen from Table 10, compared with the CTX group, treatment on the 3rd day of
rLZ-8 drug group in rats had significantly higher WBC, the difference is very significant, it has

returned to normal on the 7th day of treatment.

Tablel( rLZ-8 Effect on low-interleukin rat model (x *s, n=10)

grouping Before modeling  After mod- 3" day of 7" day of 14" day of
eling medication medication medication
Normal control  11.8+0.21 11.240.41 10.5+0.29 11.0+0.85 12.0+0.11
group
11.56+0.89 0.8+0.71 0.640.32 11.2+0.12 11.5+0.12
CTX group
Genlei™ Scimax™  11.7+0.14 0.6:0.23 1.430.11* 13.1£0.21* 10.3+0.14
(9.45ugkg ™)
rLZ-8 (20 pg-kg')  11.2+0.11 0.7+0.34 1.6+0.33* 15.8+0.13* 0.8+0.19*
rLZ-8 (10 pgkg')  11.1+0.34 0.6£0.56 1.6+0.71* 15.840.33* 10.9+0.21*
rLZ-8 (5pugke’)  11.4+022 0.8+0.79 2.60.64* 17.6:0.23* 11.2+0.26
rL.Z-8 (2.5 ugke')  11.0+0.98 0.8+0.12 1.7+0.18* 12.8+0.11* 10.6+£0.29*
rLZ-8 (1.25 pgkg')  12.0+0.24 0.7+0.11 2.8+0.12% 11.0+£0.47* 10.3+0.45*
rLZ-8 (0.62 pgkg')  11.7+0.45 0.8+0.74 5.240.14* 12.8+0.74* 12.1£0.24*
rLZ-8(0.31 pgkg')  14.240.11 0.940.12 1.940.17% 13.5+0.13* 11.0£0.31

Comparison between CP control group, * p<0.01

Example 10

rL.Z-8 Effect in the prevention of model of mice by radiation

1. Medicine Preparation

[0100] rLZ-8 preparation of sterile saline. Divide them into Spg'kg”'. 2.5pgkg’. 1.25 pgkg™ -
0.62;1g-kg'l dose groups. 0.2ml/piece.

[0101] Genlet™ Scimax™ [Recombinant human granulocyte colony-stimulating factor injection
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(rhG-CSF)), the production lot: 20060403; 150pg/piece was prepared with sterile normal saline
into the preparation of 3.2 ug-kg™', 0.2ml/vial.

[0102] cyclophosphamide (CTX) for injection (the production lot number 07121821; 200mg/vial)
was prepared with sterile normal saline to 12.5 mg-kg™', 0.2ml/vial.

2 Experimental Method

[0103] The mice were divided into 7 groups, and each group comprises 5 male mice and 5 female
mice. Except for the mice of the normal control group administrated with identical volume of ster-
ile normal saline, each mouse of each group was continuously administrated positive drugs
(Genlei™ Sc imax™ ) and rL.Z-8 in different doses once a day for 5 days. Radiation was per-
formed on the fifth day, and the radiation conditions were: 7.50 Gy, 180 mV, 15 mA, with a dose
rate of 150 roentgen per minute. Tail vein blood sampling was performed on each group of mice
before the administration and on the fifth day of administration, and on the fifth day and the sev-
enth day of radiation, and the number of leukocytes was counted. The method for counting the
number of leukocyte is the same as above described. The mice were weighed and sacrificed by
cervical dislocation, spleens were collected and weighed, then spleen indexs were calculated.
Thereafter, the spleens were fixed in Bouin solution, and the number hemopoieticfocus on surface
of the spleens (CFU-S) was counted after 6 hours.

3 Experimental Result

[0104] As can be seen from table 11, the number of leukocytes of the mice of the groups treated
with rLZ-8 in different dosehas increased significantly on the fifth day of administration compared
with CTX model group, and a significant difference exists between CTX group and rLLZ-8 groups
(p <0.05). The numbers of leukocytes in rl.Z-8 groups were the lowest on the fifth day of radiation

and increased on the seventh day, and a significant difference exists between mode group and
rLZ-8 groups (p <0.05).

Table 11. The results of effect in the prevention of model of mice by radiation ( X s, n=10)

Group Before medicine 5™ day 5™ day 7" day
after radiation  after radiation

Normal control 11.5+0.20 11.0+£0.25 10.8+0.21 9.8+0.11
Model control 11.5+£0.56 14.4+0.71 0.30+0.33 0.26x£0.33
Genlei™ Scimax™ 11.4+£0.22 21.8+0.35%* 0.26+0.20 0.22+0.12

3.2ug'keg’

rLZ-8 (5 pgkg') 10.3+0.21 19.5£0.32* 0.32+0.18 0.53+£0.35*
rLZ-8 (2.5 pgkg") 11.740.39 12.8+0.54* 0.32+0.15 0.45+0.20*
rLZ-8 (1.25 pgkg™") 10.4+0.31 12.540.45* 0.25+0.11 0.4620.11*
rLZ-8 (0.62 pgkg') 11.240.9] 10.7+0.45* 0.16+0.31 0.40+0.12*

Comparison\ between model group, * p<0.05

Example 11
rLZ-8 Effect in the treatment of model of mice by radiation
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1. Medicine Preparation

[0105] rLZ-8 preparation of sterile saline. Divide them into Sugkg’ . 2.5 pg-kg’l . 1.25 pg-kg’l\
0.62ug'kg”’ dose groups. 0.2ml/piece.

[0106] Genlei™ Scimax™ [Recombinant human granulocyte colony-stimulating factor injection
(thG-CSF)], production lot: 20060403; 150ng/vial, was prepared with Sterile normal saline to 3.2
ug-kg™, 0.2ml/ vial.

[0107] Injection of cyclophosphamide (CP) (the production lot number 07121821; 200mg/vial)
was prepared with sterile normal saline into the preparation of 12.5 mg-kg-1, 0.2ml/vial.

2 Experimental Method

[0108]} The mice were divided into 7 groups, and each group comprises 5 male mice and 5 female
mice. Each group of mice, except for the normal control group, were intraperitoneally injected
with isovolumetric normal saline, positive drug (Genlei™ Scimax™) and r.Z-8 in different doses
from the same day of radiation. The radiation conditions were: 7.50 Gy, 180 mV, 15 mA, with a
dose rate of 150 roentgen per minute. Tail vein blood sampling was performed on each group of
mice before the administration and on the fifth, seventh and ninth days of radiation, and the num-
ber of leukocytes was counted. Seven days after radiation, the mice were weighed and sacrificed
by cervical dislocation, spleens were collected and weighed, and then spleen factors were calcu-
lated. Thereafter, the spleens were fixed in Bouin solution, and the number hemopoietictfocus on
surface of the spleens (CFU-S) was counted after 6 hours.

3 Experimental Results

[0109] As can be seen from table 12, the numbers of leukocytes in rLZ-8 groups were the lowest
on the seventh day of radiation and increased on the ninth day, and a significant difference exists
between mode group and rLLZ-8 groups (p <0.05).

[6110] As can be seen from table 13, all rLZ-8 groups have stimulated hyperplasia of spleen
growth. The spleen factor and colony forming unit-spleen (CFU-S) of mice of each rL.Z-8 group
were higher than those of mice of model group. (p<0.05)

Table 12. The results of effect in the treatment of model of mice by radiation ( X +s, n=10)

Group Before medicine 5" day 7" day 9" day

Normal control 10.5+£0.20 11.0+0.25 10.0+0.25 12.8+0.51

Model control 11.0+0.56 0.7+0.71 0.2+0.71 0.61+£0.01
Genlei™ Scimax™ 11.9+0.22 0.680.35 0.58+0.35* 0.80+0.11*

(3.2pgkg™)

rLz-8 (5pgkg ™) 11.240.21 0.84+0.32* 0.31+0.32* 0.90+0.14*
rLz-8 (2.50pgkg ™) 12.940.39 0.69+0.54 0.56+0.54* 0.54+0.13*
rLz-8 (1.25ug'kg™) 9.6+£0.31 0.82+0.45%* 0.65+0.45* 0.70+0.12*

rLz-8 (0.62pugkg™) 10.4+0.91 0.73+0.43* 0.26+0 43* 0.64+0.01

Comparison between model group, * p<0.05
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Table 13. The number of colony forming unit-spleen in model of mice by radiation ( X %s, n=10)

Group Number Factors Growth rate
Normal contrast 4.44+0.10 0.17+0.11
Genlei™ Scimax™
| 6.0£0.11% 0.20:£0.10* 26%
(3.2ugkg")
rL.z-8 (Sugkg™) 9.7+0.16* 0.2240.09 54%
rl.z-8 (2.50ug'kg™) 14.3+0.03* 0.52+0.12* 69%
rLz-8 (1.25pug'kg™) 6.3+£0.21* 0.24+0.13 30%
rl.z-8 (0.62ug'kg ™) 8.9+0.41* 0.50+0.10* 50%

Comparison between model group, * p<0.01

Example 12: rL.Z-8 inhibiting systemic allergic reaction in mice

1. Experimental Reagent

[0111] rLZ-8 (700pg/ml" )was prepared with normal saline into the preparation of 700pg'ml™;
aluminium hydroxide (adjuvant) was prepared with PBS buffer into the preparation of 15mg *ml’;

Bovine Serum Albumin (BSA) and ovalbumin (OVA).

2. Experimental Method

[0112] 40 male mice (15 weeks old, weight of 18-22g), which were placed in circumstance of no
heat source, were divided into 4 groups: group 1 of rLZ-8, group II of rLZ-8, positive control
group, normal control group. Each mouse of group I of rLZ-8 was intraperitoneally injected with
0.1ml/10g body weight rLZ-8 twice a week, and injected 6 times totally; after injected 2 times,
said mice were intraperitoneally injected with the mixture of BSA (1 mg) and 0.2 ml suspension of
aluminium hydroxide (15mg 'ml™) so as to sensitization; and they were injected 1mg BSA plus 0.2

ml PBS wia tail vein on the seventeenth day of sensitization, and observed the allergic reaction.
Each mouse in normal control group was administrated with isovolumetric normal saline replacing
rLZ-8 . Each mouse of group II of r[.Z-8 was injected with 0.1ml/10g body weight mixture of
BSA-rL.Z-8 (rLZ-8 70 1 g *» ml'and BSA 5mg * ml”’, prepared with PBS) via vein on the seven-

teenth day of sensitization. Each mouse in positive control group was injected with 1 mg OA re-
placing BSA via vein on the seventeenth day of sensitization. Criterion for observation: systemic
allergic reaction was observed 30 min after injection via vein. Criterion judging for positive reac-
tion: ashyperspasmia, reduction in activity or death. Criterion judging for negative reaction: nor-
mal activity.

[0113]) As shown in table 14, rLZ-8 inhibited systemic allergic reaction in mice caused by
BSA.When rl.Z-8 and BSA in dose causing shock was injected synchronously, rLZ-8 did not pre-
vent systemic allergic reaction.

Table 14. The results of rLLZ-8 inhibiting systemic allergic reaction in mice

results

o rLZ-8 - —

Groups Sensitization Shock Sensitization Death
treatment

num_lger/total number/total
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A S i sy e T o S o et e e - e - - e e e o ———————— e e A

Normal

BSA (i.p.) BSA (iv.) - 10/10 1/10

contrast

Positive
BSA (1.p.) OA ( 1.v.) - 0/10 0/10

contrast
rLZ-8dosel BSA (1.p.) BSA (iv.) + 5/10 0/10
rLZ-8dose 2 BSA (i.p.) BSA-rLZ-8 { i.v.) + 9/10 0/10

Example 13 rLZ-8 hemolysis test

1. Experimental Reagent

[0114] rL.Z-8 was prepares with 5% of glucose solution into the preparation of Img-ml™; blood
cell suspension preparation: human blood 4ml, 1000r/min centrifugal 10min, clears supernatant.
By adding 5% glucose solution about 10 times of the volume to erythrocyte sedimentation, shak-
ing, centrifugal 1000r/min 20min, clear the supernatant, repeat the washing 2-3 times until the
supernatant is not significantly red. Prepare the obtained erythrocyte with 5% glucose solution into
2% suspension for experiment.

2. Experimental Method

[0115] Get 28 clean test tubes and number them, No.1-5 for rLZ-8 drug group, No.6 for negative
control group (5% glucose solution), No. 7 for positive control tube (distilled water), and a total of
4 parallel comparison tubes. By supplying 2% erythrocyte suspension, 5% glucose or distilled

water in turn, shaking, put them into incubators 37°C+0.5°C immediately for incubation. Observe
them every 15min, lh after observe them once for 3 hours. Finishing the observation, put all the
solution from the tubes into centrifugal drying tubes, 1500r, 25min. Clear the supernatant, read the
blank distilled water tube for OD value to calculate the rate of hemolysis.
3. Experimental Result
[0116] We can see in Table 15 that rLZ-8 hmolytic rate of drug group from 1-5 group <5%, there
is no sign of hemolytic reaction.

Table 15 Experiment results of rL.Z-8 hemolysis on human erythrocyte solubilization

(X s, n=10)

Serial number of test tubes 1 2 3 4 5

- _ — e — e — N — P A —

Hemolysts rate (%) 0.70%0.03 0.74+0.04 0.63£0.04 0.65%0.04 0.5910.07

Example 14: Influence of rL.Z-8 on rat myelogram

1. Experimental Reagent

[0117}Waster rats 9, about 100g. Prepare rL.Z-8 with sterile saline solution for three dose groups of
60mg-kg™, 30 mg-kg', 15 mgkg™.

2. Experimental Method

[0118] Normal control group 3 (rats), protein low-dose group 2, protein medium-dose group 2, and
protein high-dose group 2. rLZ-8 drug group rats, are given different doses of r.Z-8 tail vein 1n-
jection respectively, 1 time/day; the normal control group are given equivalent saline. On the 7th
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day of injection, check the right side of the thigh bone marrow for smears.
3. Experimental Result
[0119] Compare the rat bone marrow smear with the normal control group, no abnormal appears.

Example 15: rL.Z-8 on human red blood cell cohesion effects

1. Experimental Reagent

[0120] A, B, O and AB blood type, from the healthy volunteers 2ml respectively, SRBC (sheep
red cell) 2ml. Centrifuge the above RBC 1200g'min” for 10min, clears the supernatant and wash
with Sml PBS, repeat the above operation 3-5 times, and then uses 0.01mol/L PBS suspension
preparation of 1.5%. Prepare rLZ-8 with normal saline to final concentrations of 50pgml”,
25ug°ml'l, 12.5pg°ml'1, 6.25ng-ml™, 3.13pg~ml'l, 1.56pg ml’”’, 0.78pg'ml'1, 0.39ug-ml™,
0.20pg'ml”, 0.10pg-m!™, 0.05pg'ml”, 0.03 pg*ml". Plant agglutinin (PHA) preparation Ibid.

2. Experimental Method

[0121] Divide experiment subjects into rLZ-8 concentration groups, positive drug control, and
normal control group. On 96-orifice Hemagglutination board, we add A-type 1.5%, erythrocyte
25ul/hole, and then add 0.2% gelatin, 75pl/hole. Drug groups are added different concentrations of
rLZ-8, till the final concentration as above-noted; positive drug control group PHA 25ul/hole;
normal control group PBS25ul/hole. 6 parallel control groups in each group. Shaking for 30s un-
der normal room temperature, 37°C incubation, observe the subjects 1h later. For B-type, AB-type,
O-type, the same experiment methods are as SRBC (sheep red cell) above.

3. Experimental Result

[0122] Table 16 below indicates that positive drug PHA is agglutinative on all four types of human
red blood cells and sheep red blood cells; rLZ-8 is not agglutinative on four types of human red
blood cells, while at 12.5pg-ml"-50pg-ml™ concentration SRBC shows active agglutination.

Table 16 rLZ-8 Experiment result of 4 types of human red blood cell agglutination

rLZ-8 medicine group (pg'ml™)

Normal — _

group 50 25 125 6.25 3.13 15 0.78 039 020 0.10 005 0.03

grouping

A — —— s —— -——— ol — N y— — — — — A
B EAp—— gy — ——— It il —— L o — pl— — —— ——

O S SV p—— — — — — O — S— — — —

AB e

SRBC
(sheep red - Mt H o+ = = = = = = = = -
cell)

Example 16: The Recombinant Ganoderma Lucidum Immune Regulatory Protein
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anti-tumor preparation

[0123] Through above pharmacological experiments, it proves that the effect of Recombinant
(Ganoderma Lucidum Immune Regulatory Protein rLZ-8 anti-tumor and raising level of interleukin
is very significant, and non-toxic without side-effect. Therefore, it can be said that the Recombi-
nant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 as an anti-tumor preparation is suit-
able for drug use and 1s safe.
[0124] This invention of Recombinant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 as
an application of anti-cancer drug can be given orally and non-intestinal drug delivery. Dosage can
be decided by symptoms, age, weight and other factors. For adults, the oral dosage for per person
1s 10-1000mg, several times a day; non-intestinal delivery of 10-100mg, several times a day.
[0125] In this invention, we have kits of oral tablets, pills and capsules (including the hard and soft
capsules), these preparation formulations include the Recombinant Ganoderma Lucidum Immune
Regulatory Protein rL.Z-8 and at least one inert diluent (such as lactose, mannose alcohol, glucose,
starch, poly vinyl pyrrolidone), it can also be joined by acceptable additives such as lubricants,
disintegrants, stabilizers other than the inert diluent pharmacology. If it i1s necessary, tablets or pills
can be coated by gastric soluble or entric coating material on one or more than one layer of coat-
ings. Non-intestinal injection includes Recombinant Ganoderma Lucidum Immune Regulatory
Protein rLLZ-8 and at least one inert water diluent (such as distilled injection water and normal sa-
line), Recombinant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 can also be made
freeze-dried powder; we may dissolve the powder in inert diluent water for injection before use.

(1) Preparation case 1
[0126] Get Recombinant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 1000mg; dis-
solve in 100ml of sterile saline, mixing evenly, then sub-pack them into r[.LZ-8 10mg/mli/piece
concentration solution injection bottle; sealed, sterilized and made to be products. Other items
shall conform to the pharmacopoeia of the People’s Republic of China 2005 edition under the re-
quirements of injection.

(2) Preparation case 2
[0127] Get Recombinant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 100g; medicinal
starch 0.5kg, 1n accordance with the publicly-known technology and equipment manufacture them
into capsule forms, rlz8 10mg/tablets and other items that shall conform to the pharmacopoeia of
the People’s Republic of China 2005 edition under the requirements of capsules.

(3) Preparation case 3
[0128] Get Recombinant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 100g; micro-
crystalline cellulose 560g; anhydrous lactose 380g; magnesium stearate 200g, in accordance with
the publicly-known technology and equipment manufacture them into pills/tablets, rLZ-8
10mg/tablet, other itmes shall conform to the pharmacopoeia of the the People’s Republic of
China 2005 edition under the requirements of tablets.
(4) Preparation Case 4
[0129] Get Recombinant Ganoderma Lucidum Immune Regulatory Protein rLZ-8 moderate, items
shall conform to the pharmacopoeia of the People’s Republic of China 2005 edition under the re-
quirements of oral liquid, manufacture oral liquid in accordance with the publicly-known tech-
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nology and equipment.

Industrial Applicability

[0130] Results of the present invention indicate that recombinant Ganoderma Lucidum Immu-
noregulatory Protein has notable effects on treating and preventing hypoleukocytosis caused by
various reasons, and is superior to the existing clinical drugs in clinical dose, treating effects and
clinical discomfort. Animal tests show that the adverse effects of recombinant Ganoderma Lu-
cidum Immunoregulatory Protein is far lower than recombinant colony-stimulating factors.

[0131] The inventor has succeeded in: expressing Ganoderma Lucidum Immunoregulatory Protein
using eukaryote expression system of Pichia pastoris; realizing, among the similar researches in
the world, for the first time 100 L fermenting production for rL.Z-8, and establishing the process
for production and purification; and completing for the first time the determination of spatial
structure of rLZ-8 and thus providing an excellent foundation for further research on rLLZ-8’s
anti-tumor mechanism.

[0132] The invention innovatively finds that: rL.Z-8 is effective in increasing the number of leu-
kocytes of animal models with low lymphocyte level and has obviously better pharmacodynamic
effect than colony stimulating factors; rLZ-8 can induce apoptosis of leukemia cells Nb4, K562
and HL-60 (we draw, for the first time, the conclusion that this is another possible ways for fungal
immunomodulatory protein to kill tumor cells). The treatment experiment on tumor-bearing mice
further indicate that rLZ-8 is effective in inhibiting growth of transplanted tumor in vivo; the
safety experiments showed that rLZ-8 does not have obvious virulence on rat’ blood cells and does
not impose pathologic destructive effect on vascular wall of aorta and cardinal vein; and the re-
sults of bone marrow smear indicated that rL.Z-8 does not have pathogenic effect on hematopoietic
function. The present invention disclose for the first time the crystal spatial structure of LZ-8, dis-
closes that LZ-8 can directly kill the tumor cells without damaging the normal cells, and discloses
the new use of LZ-8 in preventing and treating hypoleukocytosis caused by various reasons.
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CLAIMS:

1. Use of a recombinant Ganoderma Lucidum Immunoregulatory Protein (rl.Z-8) having a

sequence according to SEQ ID: NO 2, in preparation of a medicament for the treatment of
liver cancer, wherein SEQ ID NO: 2 is:
MSDTALIFRL AWDVKKLSFD YTPNWGRGNP NNFIDTVTFP KVLTDKAYTY

RVAVSGRNLG VKPSYAVESD GSQKVNFLEY NSGYGTADTN TIQVFVVDPD

TNNDFIIAQWN.

2. The use according to claim 1;

wherein SEQ ID NO: 2 includes an N-terminal domain that is composed of an a-helix
having an amino acid sequence of SDTALIFRLAWDVK from positions 2 to 15, and a
B-strand having an amino acid sequence of KLLSFD from positions 16 to 20, wherein:
residues of Ser on said a-helix are blocked by acetylation;
the N-terminal a-helix and B-strand of onc LZ-8 monomer form, together with the
same domains of another LZ-8 monomer, a dumb-bell-shaped dimer-binding
domain via domain swapping;
wherein SEQ ID NO: 2 includes a C-terminal FNIII domain having an immunoglobulin-
like sandwich structure and comprising B-sheet I and B-sheet II formed by B-strands A-B-
E and B-strands G-F-C-D, respectively;
wherein the B-strands A-G have amino acid sequences:
A) TPNWGRG from positions 21 to 27,
B) IDTVTEP from positions 34 to 39;
C) YTYRVAYV from positions 48 to 54;
D) RNLGVKP from positions 57 to 63;
£) SQKVN from positions 72 to 76;
FY TIQVEVVDPD from positions 91 to 100; and
G) NNDFIIAQW from positions 102 to 110.

3. A pharmaceutical composition for treating liver cancer, the pharmaceutical composition

comprising a recombinant Ganoderma Lucidum Immunoregulatory Protein (rLZ-8)
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having a sequence according to SEQ ID: NO 2, and a pharmaceutically acceptable
adjuvant, wherein SEQ ID NO: 2 i1s:

MSDTALIFRL AWDVKKLSEFD YTPNWGRGNP NNFIDTVTFP KVLTDKAYTY

RVAVSGRNLG VKPSYAVESD GSQKVNFLEY NSGYGIADTN TIQVFVVDPD

TNNDFIIAQWN.

4. The pharmaceutical composition according to claim 3:
wherein SEQ ID NO: 2 includes an N-terminal domain that is composed of an a-helix
having an amino acid sequence of SDTALIFRLAWDVK from positions 2 to 15, and a
B-strand having an amino acid sequence of KLSFD from positions 16 to 20, wherein:
residues of Ser on said a-helix are blocked by acetylation;
the N-terminal a-helix and [-strand of one L.Z-8 monomer form, together with the
same domains of another [.Z-8 monomer, a dumb-bell-shaped dimer-binding
domain via domain swapping;
wherein SEQ ID NO: 2 includes a C-terminal FNIII domain having an immunoglobulin-
like sandwich structure and comprising B-sheet 1 and B-sheet 11 formed by -strands A-B-
E and B-strands G-F-C-D, respectively;
wherein the B-strands A-G have amino acid sequences:
A) TPNWGRG from positions 21 to 27;
B) IDTVTEFP from positions 34 to 39;
C) YTYRVAYV from positions 48 to 54;
D) RNLGVKP from positions 57 to 63;
E) SQKVN from posttions 72 to 76;
F) TIQVFVVDPD from positions 91 to 100; and
G) NNDFITIAQW from positions 102 to 110.

5. The pharmaceutical composition according to claim 3 or 4, wherein the composition is

formulated for oral or parenteral administration.

6. The pharmaceutical composition according to claim 3 or 4, wherein the composition is

formulated for oral administration as a tablet, pill or capsule.
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7. The pharmaceutical composition according to claim 3 or 4, wherein the composition 1s

formulated for parenteral administration as a drug for external use or injection.

8. The pharmaceutical composition according to claim 3 or 4, wherein the composition 1s

formulated for injection using a freeze-dried powder injection, or a water injection.
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Figure 1. rLZ-8 crystal structure captions
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20

Figure 3. rLZ-8 on K562 tumor cells in vitro results

Note: A: Normal control group; B: Positive drug control group; C-H: rLZ-8 groups follow the
order 3.]25pg‘ml'l, 6.25pg'ml'l, lZ.Sug°ml'l, 25ug°ml“', SOugml", lOOug*ml'l
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Figure 4 rLZ-8-induced apoptosis of K562 and NB4 cells, PI single staining test results

Note 1: C1: K562 Normal control group; I1: rLZ-8 group (K562, 0.1 1 g/ml); 12: rLZ-8 group
(K562, 0.5u g/ml); 13: rLZ-8 group (K562, 2.5u g/ml)

Note 2: C2: NB4 Normal control group; Hl: rLZ-8 group (NB4, 0.1 g/ml); H2: rLZ-8 group
(NB4, 0.5ug/ml); H3: rLZ-8 group (NB4, 2.5u g/mb)
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Figure 5, continued on next page
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Figure 5 rLZ-8-induced apoptosis of HL-60 and NB4 cells, Annexin V/PI double staining test results

Note 1: C1: NB4 Normal control group; P1: Positive drug control group; I1: rLZ-8 group (NB4,

0.1 g/ml); 12: rLZ-8 group (NB4, 0.5p g/ml); 13: rLZ-8 group (NB4, 2.5u g/ml)

Note 2: C2: NB4 Normal control group; P2: Positive drug control group; Hl: rLZ-8 group
(HL-60, 0.1u g/ml); H2: rLZ-8 group (HL-60, 0.51p g/ml); H3: rLZ-8 group (HL-60, 2.5
L g/ml)
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Figure 6 inoculated S180 Ehrlich ascites tumor cells in mice body weight change
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Figure 7 inoculated H22 tumor cells implanted in mice body weight change
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Figure 8. FITC-rL.7-8 (1 "
(100ng.mI™) rat myocardial tissue markers (dark, DIC field)

Figure 10 FITC-rLZ- !
rLZ-8 (100ng.m} ) HL-60 cell markers (dark, DIC field)
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